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Why?

Eutrophication, the addition of excess nutrients (especially
phosphate) to a body of water resulting in increased algal
growth, is considered to be one of the leading contributors
to the deterioration of aquatic ecosystems. One potential
method to remove phosphate from water is through the use
of biochar, a carbon-rich material produced via thermal
decomposition (pyrolysis) that can be derived from any
number of different organic waste products (feedstocks).

Notably, when it comes to phosphate, the elemental
composition of the feedstock is extremely important as the
main mechanism for sorption in biochars has been found to
be chemical precipitation often via calcium or magnesium
ions.

This study is looking at five different locally accessible
feedstock types: pumpkin vines donated by Shantz Family
Farm, grape vines, dandelions, Waterloo’s municipal
compost, and municipal yard waste. Eddo peels sourced
from the grocery store were also studied. These feedstocks
were chosen as they are all considered waste products and
they do not have any prior research on their ability as
biochar to remove phosphate. The effect of adding mussel
shell powder to the feedstocks before pyrolysis will also be
tested.
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How?

All feedstocks were air dried for 14 days, before packed
into cans. Placed in propane barbecue, temp. increased
slowly to maximum treatment temp. of 400 °C.
Feedstocks kept inside the barbecue for 3 hours total.
Once removed, the biochar was crushed and then sieved
using a 2 mm sieve to remove any finer fractions.
Biochars individually mixed with groundwater (1:75 ratio),
shaken for 24 hours to identify the amount and type of
contaminants leaching from biochars (leachate test).
Analysis performed for pH, phosphate, and ammonia
using a pH meter, HACH orthophosphate reagent kit, and
HACH ammonia kit respectively. The samples’ dissolved
organic carbon and inorganic carbon levels, as well as the
concentrations of various elements were also analyzed.
From this data, the four feedstock types that had the
lowest amount of phosphate leaching were selected:
grape vine, pumpkin vine, compost, and yard waste.
Samples of these feedstocks were then pyrolyzed with the
addition of mussel shell powder at a concentration of 1:2,
mussel shell to feedstock (i.e. modified biochars).

All samples were put through another leachate test as
described above.

Grape vine, the feedstock that had the least leaching with
mussel shell powder proceeded to the actual phosphate
removal test.

Samples of modified grape vine biochar with a 1:2 and a
1:1 ratio of mussel shell to feedstock were both tested.
The modified grape vine biochars added at a 1:75 ratio to
groundwater that had been spiked with phosphate
solution. Samples were placed on the shaker for 24 hours.
Same day analysis was then performed for phosphate.




So What?

Although phosphate removal was not achieved with the current biochars,
mussel shell powder as an effective and environmentally friendly way to load
calcium onto biochars does show promise. Many of the studies that have
gotten their respective feedstocks to the point of removal employ multiple
modification methods; combinations of mussel shell and other enhancements
may be explored in future research. The roughly five times reduction in
phosphate leaching suggests that mussel shell could feasibly supplement the
chemical reagents currently most commonly used for biochar calcium-doping.

It should be considered that if a higher

pyrolysis temperature were available,

the calcium carbonate may have thermally decomposed more, potentially
increasing the calcium load onto the biochars.

This is not only applicable to biochar as an adsorbent, but also as a soil
amendment. Some biochars have been shown to improve soil pH and nitrogen
fertilizer-use efficiency, but they have been found to result in additional
phosphate leaching in column tests as well as in the current study. Mussel
shells could be a valuable addition to biochars used for soil amendment

purposes, as the observed reduction in

initial phosphate leaching may

translate to a slower release soil conditioner. This would be especially
beneficial for preventing eutrophication when biochar is used to ameliorate
abandoned mine land soil, or other instances where it would be applied in

large amounts to soil.

Finally, the biochar’s seemingly already effective ability to remove copper from
water suggests that it might make a good material for dealing with copper

contamination.

What’s next?

One possible route for the future of this project is to try to get the
biochars to a point of phosphate removal by adding a secondary
modification method alongside the mussel shell. Water softener
backwash for example, is high in iron, another element that can aid
in the removal of phosphate. Soaking the feedstocks in the water
softener backwash might be another helpful and resourceful way to

modify biochars.

Further research may also look at different properties of the
biochars, such as their ability to remove heavy metals, especially

seeing as they have already shown
removal.
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What?

Figure 1: Grape vine biochar had the highest reduction in phosphate
leaching with phosphate levels decreasing by approximately 80% after
being modified
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The first leaching test with unmodified biochars showed that all feedstock types resulted in at least
5 mg/L additional phosphate leaching. The grape vine biochar had the least amount of phosphate
leaching, followed by pumpkin vines, then compost, then yard waste; all leached less than 7 mg/L.
Eddo peels and dandelion leaves showed the most phosphate leaching by a significant margin;
both had phosphate concentrations between 49-65 mg/L.

Next came the leaching test with modified biochars. When those results were compared to the
leaching test with unmodified biochars, it was observed that most of the biochars had a significant
reduction in phosphate leaching after being treated with mussel shell powder. Yard waste biochar
was an anomaly, but this is likely due to its inherently variable composition. Some samples of yard
waste may have contained more leafy material than others; it was observed in the first leaching
test that dandelion leaves leached much more additional phosphate than the other feedstock
types. Overall, across most key analyses, grape vine biochar tended to have the least leaching of
contaminants, with a lower release of ammonia, dissolved organic carbon, and potassium when
compared to the other feedstocks.

Figure 2: The lowest amount of phosphate leaching obtained was a
mean of 0.22 mg/L from the biochar modified with a 1:1 ratio of
feedstock to mussel shell (Figure 2)
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As indicated in the leachate tests, even when modified the grape vine biochar was still unable to
remove phosphate in the removal test, and the lowest amount of phosphate leaching obtained
was a mean of 0.22 mg/L from the biochar modified with a 1:1 ratio of feedstock to mussel shell
(Figure 2). However, cation measurements from the leachate tests did show significant removal of
copper. The blanks had a mean copper concentration of 2573 pg/L, which is well over the
maximum contaminant level recommend by the EPA: 1300 pg/L, whereas the leachate sample
from yard waste biochar in particular had a mean copper concentration of 150.45 pg/L,
representing approximately a 94% reduction.
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