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Abstract
Purpose and Hypothesis

Excess amounts of nutrient pollutants enter storm drains and are ultimately directly
deposited into the Long Island Sound. These pollutants carry harmful levels of nitrates and
phosphates, which cause eutrophication and lead to lower dissolved oxygen levels, also
known as hypoxia, which kills fish populations and even entire ecosystems. My previous

The purpose of this experiment is to decrease nutrient
pollution in the Long Island Sound by designing an effective
and efficient activated carbon cloth filter, and placing it in
storm drains.

Research has indicated algae growth along the Long Island Sound
has exponentially increased in recent years, and as a result dissolved
oxygen levels have decreased. These algae blooms deprive marine
life of sufficient oxygen levels that are necessary for their survival.
This algae growth is driven by storm drain runoff that is dumped into
the Long Island Sound which contains dangerous levels of nitrates
and phosphates. Marine ecosystems will transform dramatically with
the implementation of a filter to clean stormwater runoff. Similarly,
the methods to filter stormwater runoff that currently exist are costly
and require manual management many times during the year. An
innovative carbon cloth filter is more effective and manageable.

research has shown that carbon cloth filters uniquely decrease both phosphate and nitrate
concentrations, rather than one of the factors of nutrient pollution as seen in other filtering
materials. The purpose of this is to replicate my previous findings and test a new design of
the activated carbon cloth filter by quantifying the percent decrease in phosphate and nitrate
concentrations in simulated stormwater. It is hypothesized that the filter will reduce nitrate

Review of Literature Continued

Significance of Study

It is hypothesized that if a storm drain filter, such as an
activated carbon cloth, can be engineered and installed, then
pollution from stormwater runoff in the Long Island Sound
will decrease because levels of phosphates and nitrates will
be reduced.

and phosphate levels. Filter effectiveness was determined by measuring the concentration of
the pollutants in the simulated stormwater runoff before and after the use of the carbon cloth

Discussion and Conclusion

filter. A reduction of 100% of nitrates was seen in one trial, and the average decrease of
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nitrate was 62%. Phosphate levels also decreased by an average of 73%. These results
suggest that strategically placing the carbon cloth filter in storm drains can reduce nutrient
pollution by approximately 5%. Nutrient pollution affects thousands of bodies of water across
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the world and finding a solution to combat nitrate and phosphate overflow will create

Methods for Data Collection

healthier water for all marine life.

Review of Literature
New York State Department of Environmental Conservation (2000)
- This 10 year study observed how
nitrates were transported into the Long
Island Sound from 1988-1999.
- Between the years of 1988-89, the total
amount of nitrates that flowed through
sources was 33,600 tons.
- This study determined that wastewater
Graph made by student researchers based off of data
discharges were the greatest sources of from New York Department of Environmental
Conservation (2000)
pollution
Stormwater Runoff Pollution and How to Reduce it (King County, 2016)
- This study determined the effects of sources
of pollution (vehicle exhaust, soil, etc.) on
local bodies of water in King County, WA
- Researchers found that untreated stormwater
causes three major issues: water shortages,
flooding, and algal blooms.

Create the simulated
runoff using Miracle
Gro fertilizer, and
measure the amounts
of nitrates and
phosphates in ppm.

Repeat experiment to
test the effectiveness
of the filter and run
multiple trials to
determine accuracy.

Methods for Engineering Solutions

Filter stimulated storm
water runoff through
the double weave
carbon cloth in order
to absorb and purify
the water.

Measure the amount
of phosphate and
nitrate in ppm after
using test strips and
the LaMotte
Colorimeter.

Constructing a filter
made from the carbon
cloth that fits into a
storm drain and
efficiently removes
nutrients from water.

Begin prototyping
utilizing online 3D
modeling and
physical creation
using cardboard.

Research previous
innovations that work
towards solving the
same problem or
similar motivations.

Develop a prototype
and begin testing its
efficiency and design.

All photos in the Methods and
Results: Taken by student
researcher

Make adjustments,
improve, and
redesign until the
storm drain filter is
effective at solving
the issue at hand.

Examples of storm
drain and storm
drain filter design.

Results
Phase 1: The effectiveness of the activated carbon cloth with the Lamotte Smart 3
Colorimeter, for 2 replicate trials. This data was taken during the previous year of research.

Phase 2: The effectiveness of the activated carbon cloth with the Lamotte Smart 3
Colorimeter and test strips in two separate trials, this data was completed this year.

Phosphate Reduction in Filters for On-Site Wastewater Treatment (Vidal,
et. al, 2018)
- Discharges of phosphates from on-site wastewater treatment plants
contribute to eutrophication problems in Swedish freshwaters.
- This study investigated the effects of sand filters on phosphorus reduction
by measuring influents and effluents.
- 7 of the 8 filters were not effective, which could be due to clogging and
wastewater dilution.
- This study benefits the methods, because I was able to realize the potential
sources for error and the difficulties of measuring wastewater pollution
levels.
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The results of this study supported the hypothesis as the carbon cloth
proved to reduce nutrient concentration in simulated runoff. Phase 1 of the
study tested the activated carbon cloth, and with this innovative filtering
material both phosphate and nitrate concentration reduced. Utilizing the
LaMotte colorimeter, it was determined that in Phase 1 Trial 1, nitrate levels
experienced a reduction of 7 ppm or 70%, and phosphates experienced a
reduction of 5 ppm or 43% (Figure 1). In the second trial of Phase 1, the
reduction for nitrates was 10 ppm or 23%, and the reduction for phosphates
was 40 ppm or 80% (Figure 2). Then in 2021 the same methods were
replicated in phase two of this experiment to show the effectiveness of the
carbon cloth, as well as to quantify the percent reductions. In all of the five
trials a reduction of nutrients occurs, however, some of my results varied in
the concentration of nitrates and phosphates in the simulated runoff, which is
a limitation of the study. Lastly, during the end of experimentation a final
trial was added to phase two as a result of the reactant for phosphate in the
LaMotte Smart 3 expiring. This section of research further expressed the
effectiveness of the cloth as both trials showed a 50% decrease in phosphate
using test strips. Lastly, in phase 3 of the study engineering and prototyping
began to work towards creating an effective storm-drain filter. In conclusion,
the activated carbon cloth proved to be successful as shown in both trials of
Phase 1 and in all trials of Phase 2, and I look forward to continuing to
develop the carbon cloth filter and successfully implementing it within my
community.
Engineering Approach
Research studies and other storm-drain filters have demonstrated
effective styles, mechanisms, and enginuity, however they lack the purpose
of treating nutrient polluted water. For example, the PIG Frameless Storm
Drain Filter has proven to successfully remove oil, sediment, debris, and
trash from stormwater runoff utilizing a broad outside attachment that flows
into a narrow tube to filter the water successfully. Yet, it does not remove
harmful phosphates and nitrates, thus the goal of this new filter is to follow
a similar design however solve a new problem. The new carbon cloth storm
drain filter will have a mental rectangular attachment that will set
underneath the perimeter of storm drain. Then will flow into a cylinder
shaped filter to effectively clean all the runoff.

King County, 2016

Global Spread of Hypoxia in Freshwater Ecosystems During the Last
Three Centuries is Caused by Rising Local Human Pressure
(Jean-Philippe, et al., 2020)
- The spread of hypoxia is a threat to aquatic ecosystem functions and
services as well as to biodiversity.
- This study compiles the onset and duration of hypoxia recorded in
sediments of 365 lakes worldwide since AD 1700 and showed that
lacustrine hypoxia started spreading before AD 1900, 70 years prior to
hypoxia in coastal zones.
- This study also shows that the increase of human activities and nutrient
release is leading to hypoxia onset, and that there were no correlations
with changes in precipitation or temperature.
- Furthermore, this study exemplified that the growing nutrient release or
pollution is leading to greater levels of hypoxia in several bodies of water
around the world.

The Use of Activated Carbon Cloths to Remove VOCs and Siloxane
(Carter, et al. 2015)
- This study was conducted by scientists in the ISS, and observed the
effectiveness of a carbon cloth to remove siloxane and VOCs (Volatile
Organic Compounds)
- Siloxane is a chain of alternating silicon atoms and oxygen atoms,
combined with carbon, hydrogen, and other elements.
- NASA’s unique carbon cloth was effective at removing these
siloxanes, but has only been used to filter water in the ISS, never from
other sources. Thus because the cloth has the ability to revert harmful
compounds back to basic compounds, it would be perfect to reduce
phosphate and nitrate levels as well.

Figure 1 (above): Phase 1 Trial 1. Using the single layer of the carbon cloth, a
decrease in the concentration of nitrates occured from 10 ppm to 3 ppm. For
phosphate concentration, there was a decrease from 11.82 ppm to 6.73 ppm.

Visual
examples of
storm drain
filters and its
structure.

Figure 3 (above): Phase 2 Trial 1. Above are five different trials that were completed using a single layer
of the carbon cloth. In nitrates there was a remarkable reduction of 9 ppm to 0ppm, as well as in
phosphate there was a reduction from 50 ppm to 12ppm.
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