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Microplastics (MPs) are tiny plastic particles less than 5 mm in size that are a growing concern to our environment. Scientists have found 
them practically everywhere - in honey, beer, and most prominently, in our oceans (Diaz et al., 2020). These contaminants take almost a 
century to degrade and may have carcinogenic properties. As I live by the ocean, I am very passionate about protecting our waters and 
keeping them clean. I was compelled to find out how we can remove these pesky, persistent particles from water. 
One strategy for this is coagulation, a method of water treatment that reduces colour and turbidity of water. How it works is that the pos-
itive charges of a coagulant neutralize the negative charges of suspended particles in a colloid. This process forms larger particles, which 
can then be more easily extracted with a filter. Types of coagulants include chemical coagulants (e.g., aluminum sulfate, polyaluminum 
chloride, and ferric chloride) and natural coagulants (e.g., Moringa oleifera (M. oleifera), Cactus latifolia, and Strychnos potatorum). An 
incredibly scarce amount of work has been done on the effectiveness of natural coagulants, and even less so on coagulating MPs, which 
is why I chose to dive deeper into this topic.

INTRODUCTION
The main goal of this project is to determine whether natural or 
chemical coagulants are more effective at coagulating MPs. Being 
economical and environmentally friendly, natural coagulants have 
benefits over chemical ones and could be pursued as a key means 
of coagulation if they prove to be as effective. The results of my ex-
periments could be used to further the development of coagulation 
for the removal of MPs and to find a way to apply it in a real-world 
situation such as performing it on larger bodies of water. I tested 
two different coagulants: M. oleifera, a mineral-rich plant native to 
India used in some countries as a lower-cost water treatment solu-
tion, and aluminum sulfate, used in coagulation for water treatment 
as well as in paper manufacturing and dyeing fabric.

I conducted a few experiments to compare the effect of two 
coagulants on MPs, investigate their efficiency further in differ-
ent pH environments and finally test the two coagulants on MPs 
together in synergism. I predicted that the coagulant M. oleifera 
would be more effective at coagulating MPs because of its high 
positive charge structure due to a natural cationic protein that it 
contains, as well as its high charge density (a large number of pos-
itive charges in a substance gives it a stronger ability to neutralize 
charges). 
METHODS AND MATERIALS
The main materials used included: M. oleifera seeds, aluminum 
sulfate powder, MP samples, a pipette, water, a petri dish, and ma-

son jars. To concoct the natural coagulant, oil was extracted from 
around 500 M. oleifera seeds. First, the seeds were cracked open 
with a rolling pin, and shells were manually removed. Next, the 
seeds were roasted to brown the exteriors. Once cooled, they were 
ground to a fine powder. 250 ml of water was added to dissolve 
the powder. The mixture was then sifted through a cheesecloth, 
with the remaining solid left for use in the experiment.

MPs were created by vigorously shredding a solid piece of 
plastic with a lemon zester until the desired amount of MP sam-
ples was reached (around 32 ml in total). A baseline suspension 
was created by filling a glass jar with 100 ml of tap water and 
adding 2 ml of a MP sample. After shaking the jar for 90 seconds 
it was left for 30 minutes to settle. Samples were collected using 
a pipette: five individual samples of 1 ml were extracted from 
the suspension and examined in a Petri dish with a magnifying 
glass. The data was collected by manually counting and averaging 
the number of MPs in each sample. The process was similar for 
the rest of the experiment where coagulants were added to MP 
suspensions - three jars contained M. oleifera extract and three 
jars contained aluminum sulfate, with different quantities of the 
respective coagulant (1 ml, 2 ml, and 3 ml). The shaking and set-
tling process was the same to allow particles to coagulate at the 
suspension’s surface. Five individual 1 ml samples were again 
taken from the top of the suspension where most coagulation oc-
curred and were examined in a petri dish with a magnifying glass. 
The number of MPs in each sample was counted and averaged.

I also tested the coagulants on water with different pH levels. 
To do this, the pH level of water in 6 jars was altered using HCl 
(to increase acidity) and NaOH (to increase basicity). 3 ml of each 
coagulant was tested on pH levels 6, 7, 8, and 9. This range was 
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selected in regards to each coagulant’s optimum pH range of co-
agulation.  All other preparations and data collection procedures 
remained the same. 

A third experiment was done with the two coagulants com-
bined (1.5 ml of each, 3 ml in total) using the concept of syner-
gism. A median pH level of 7.5 was chosen for the test, but all 
other procedures were consistent with previous experiments.
RESULTS AND DISCUSSION
For the first experiment (different dosages of coagulant) alumi-
num sulfate proved to be most effective at coagulating MPs. The 
average number of coagulated MPs of aluminum sulfate was al-
most twice the amount of M. oleifera, and just about 10 times 
more than no coagulant at all. M. oleifera still showed promising 
results, just not to the same degree as aluminum sulfate. I ac-
cumulated some interesting results with the average number of 
MPs coagulated per quantity of coagulant. For aluminum sulfate, 
the effectiveness increased as the dosage rate increased. At 3 ml 
it produced the highest result, coagulating on average 104 MPs. 
The samples were so large that there were virtually no more MPs 
left to draw a fourth sample from that suspension. For M. oleifera, 
the effectiveness stayed constant throughout all three quantities 
of coagulant - only coagulating more MPs than aluminum sulfate 
at one of three dosage rates (1 ml). See Appendix A (table 1). 

The increase of efficacy with aluminum sulfate as the dos-
age rate increased likely demonstrated that aluminum sulfate be-
comes more effective as greater amounts are used - up to a certain 
extent (Sun et al., 2019). It is possible that the consistency in 
results of M. oleifera throughout dosages could be due to its low 
dosage capability (Imron et al., 2020) - 1 ml of M. oleifera was 
almost as effective as 2 ml of M. oleifera, but with just half the 
quantity. Overall, the performance of the two coagulants could 
be explained by the pH level of tap water used. The average tap 
water pH of Greater Victoria is 6.99 (CRD, 2018). The suggested 
level of pH for optimum performance by M. oleifera is 7-9 (Des-
ta, Bote, 2021), and approximately 6.5-7.2 for aluminum sulfate 
(Brandt, Ratnayaka, 2017), though some sources suggest a gener-
al range of 6-7 pH. The tap water that I used had a pH level that 
aligned closer to aluminum sulfate’s optimum range, which may 
indicate why it proved to be more effective than M. oleifera at the 
coagulation of MPs.

The results of the study on the different pH (see Appendix A, 
table 2) provided fascinating results. Both coagulants had a stron-
ger performance in their respective projected optimum fields. It 
is notable that M. oleifera exceeded the relative success that alu-
minum sulfate had in its optimum pH range. Aluminum sulfate 
showed the best results at a pH level of 7, coagulating on aver-
age 36 more MPs per sample than M. oleifera, which coagulated 
76 more MPs on average in its prime pH of 8 than its chemical 
counterpart. This data could also help account for the results of 
experiment 1 (Appendix A, table 1), and why aluminum sulfate 
was most effective. It also opens up a new opportunity; while 

aluminum sulfate is best for coagulating MPs in tap water pH, 
M. oleifera could be a considerable option for coagulating MPs 
in ocean water, which has an average pH level of 8.1 (USEPA, 
2021). 

In my third experiment when coagulants were combined, 
effectiveness was neither greatly improved nor diminished. On 
average 98 MPs were collected - close to the average amount of 
MPs M. oleifera and aluminum sulfate collected when averaged 
between 7 and 8 pH (109 and 89 respectively). No notable differ-
ence resulted.
CONCLUSION
Both aluminum sulfate and M. oleifera proved to be effective co-
agulants in their own right. Aluminum sulfate performed best at 
a 3 ml dosage at a pH of 7, while M. oleifera performed best at a 
dosage of 3 ml at a pH of 8 (but showed consistency through low-
er dosages). With the pH level in mind, aluminum sulfate could 
be considered for further development for coagulation of MPs in 
distilled water while M. oleifera could be pursued as a potential 
option to treat MPs in the ocean. However, more research is re-
quired to confirm these ideas. The ongoing experiment on other 
types of MPs may help determine the consistency of these results.
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APPENDIX A 

Table 2: Experimental data on Different pH Levels

Table 1: Experimental data for Different Dosages of Coagulant
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