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Main strategies for plastic

residue management

Conventional plastic
waste management

I—I_I—l—l

Landfilling

Mechanical recycling

———

Pure plastic stream Mixed plastic stream

- Inferior product
QOriginal product (secondary

(primary recycling) recycling)

Chemical recycling

Dilkes-Hoffman L.S. et al. (2019). Plastics to Energy (pp. 469-505). Elsevier.

Re-make virgin
plastic (secondary
recycling)

Incineration

Fuels/chemicals
(tertiary recycling)

Heat energy
(quaternary
recycling)
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Co-pyrolisis of blended biomass and plastic waste

Plastic
residues

______
________

The difference in density
between plastic and
biomass commits the
percentage and
homogenization of the
mixture, which limits the
production of biochar

Biomass

BIOCHAR

Functional | Enhanced

groups (e.g., adsorption capacity
carboxylate anions, for environmental
amides, aromatic pollutants

groups)

R 9:28284-2
Rathnayake et al. 2021. J Anal Appl Pyrol 155:105029 SNl S0 2R3 WL EN H-ESEEZRaAl
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Bioconversion of plastic residues using insect larvae
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BIOCHAR +++

Pyrolysis | | .
Pyrolysis of plastic- containing

frass produces non-toxic
biochar with upgraded
properties to promote soil

Frass rich health

in plastic
Biomass

300 °C and

. . 600 °C
Plastic diet

Evaluate if the biochar produced from

. o Evaluate the toxicity of biochar
insect frass- containing polystyrene

iN Microcosms with earthworms

residues ( 300°C and 600 °C) increased the

. . . . . (Lumbricus terretris)
microbial and enzymatic properties of soil

Objectives
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Experimental design

2D-microcosm

Biochar production
(Bioconversion system of food and plastic waste streams)

1. gl;jsdgiﬂﬂ r ) Pyrolysis was performed in a muffle
heater at two temperatures
h (300°C and 600°C for 90 min,
X ¥ ' Bl heating rate of 15°C/min).
; ﬁr IZEﬂﬁhwarm
2. Addition of ' ff/
earthworms ( :
+— |nsect frass
Biochar
3. Addition
of biochar
Insect rearing with bread
and polystyrene:bread diets
f;ﬂ ——Earthworm casts
' :
| (2 Bumowwa (fopaoi) The biochar was produced from frass of insect
4. Sampiing -@n—aunuw walls (bottom soil) larvae (T. molitor) fed with bread alone (control)
~ | and bread-polystyrene (10% w/w) co-diet.
4 ) —Unaltered soil by earthworms (control)




_ 9th International Conference on Sustainable Solid Waste Management

I ";ﬂ ——Earthworm casts

{_2-:' — Burrow walls (topsoil)

Saﬁples

e Control (Only soil)

T}_} — Burrow walls (bottom soil)

@1 —Unaltered soil by earthworms (contral)

e Biochar 300°C

e Biochar 300°C+
polystyrene 10%

-Enzimatic activity

a1

(2D) microcosm (two methacrylate
panels, 50x25 cm)
e Wet soil (< 2mm particle size)

| e Biochar 600°C
Biochar e 45cm height soil column
e Biochar 600°C+ * Microcosms (n=20)
polystyrene 10% * 15°Cand dark L. o @
* 1 Earthworm (Lumbricus terrestris) per — ’
microcosm @ =

e Fine soil slide mixed with biochar
(2.5% w/w) was poured on the sail
surface.

e 2 month incubation

-Survival rate

-Biomarkers




Results
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We measured the potential activity of esterase, alkaline
phosphatase, 5-glucosidase, protease, urease,
dehydrogenase, and catalase according to Sanchez-

Casts Topsoil Subsoil Hernandez et al (2017).
L ) Dehydrogenase and catalase activities together with soil
respiration were used as indicators of microbial activity.

- Non-disturbed

—
o2
<

T-SQI score

" T s s T4 488 ITi353 We used two enzymatic indexes to assess the
g g g 3 E g g % 3 E E g E 3 E impact of biochar on soil enzyme activities: the
treated-soil quality index (T-SQI) and the
Casts Topsoil Subsoil Integrated Biological Response Index, version 2
10- (IBRv2).
8-
2 Both indexes showed that the overall response of
8 ©] enzymes was significantly higher in the casts
E 4- collected from treatments B300 and BP300.

o

L

|
[ |
0
]
i
1
I
[
B
[

Control-
B600
BP600
B3004
BP3004
Control-
B600
BPE600 -
B3004
BP3004
Control-
B600
BP600
B300
BP3004




1.0 =

0.2

Dim2 (12.7%)
S

-0 5 =

-1 0 4

9th International Conference on Sustainable Solid Waste Management

Variables - PCA
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87 p=0.007 *

PC 1: microbial respiration, total organic carbon, catalase, urease and protease.
PC 2: Esterase, glucosidase, acid and alkaline phosphatase activities.

Component 1, which grouped microbial activity and N-
cycling enzymes was significantly higher in casts from

treatments B300 and BP300.

We also used the Principal Component Analysis (PCA) to reduce

the number of variables (enzyme activities) to a small number of

uncorrelated variables or factors. Univariate ANOVAs were then
run over the factor scores generated from the PCA.
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We also measured some biomarkers of

oxidative stress in earthworms (muscle tissue)
to assess potential sublethal toxicity derived

400+ 80+ :
x from biochar exposure.
3
Eam}— T B . EEG— . T .
=g S 5 . : :
5 2 €38 T I We found a strong increase of glutathione
T " 200- S o 404 : .
t E I 52 concentration in the muscle of earthworms
U] ® 5 ,
E o E exposed to all biochar treatments respect to
100- £ 9p-
= controls.
G 1 I I u I 1 I ° ° ° . . . .
Control B600 BP600 B300 BP300 Control BE00 BP600 B300 BP300 Lipid peroxidation (a biomarker of oxidative

damage) was significantly higher in the

72
-
Q
=X
-
O
S
=
a0

159 6= .
T BP300 group than the rest of treatments
;gr%m_ T S 4- T No deaths were recorded after 2 months of
g€ 22 T incubation. We don't found significant
% £ = T - differences in the earthworm weight between
g 5 treatments.
ﬂ_

| I I I | 1
Control BE00 BPS00 B300 BP300 Control B600 BP600 B300 BP300
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Biochar derived from frass of insect fed with spent bread and
polystyrene and produced at 300°C stimulated the enzyme activities
of casts deployed on soil surface. The enzymes responsible for this
iNnCrease were urease and protease, which suggest nitrogen-containing
organic compounds as the primary energy source for microorganisms as
revealed by the PCA analysis.

= .

The use of enzymatic indexes, particularly the IBRv2, are suggested
as suitable tools for assessing the impact of biochar on soil
enzyme activities, which may complement other multivariate
analysis such as PCA.

i = e AL T

Biochar treatments caused oxidative stress in the
earthworms but the dose of 2.5% of biochar in the soil was 3
not lethal for earthworms.

Conclusions
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