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Abstract
The integration of anaerobic treatment technologies with constructed wetlands
is considered one of the most promising approaches for achieving efficient and
cost-effective wastewater treatment, particularly in regions suffering from
limited resources and technical infrastructure. This study aims to evaluate the
efficiency of activated almond shells as biological carrier media within a
hybrid wastewater treatment system consisting of an anaerobic reactor
equipped with biological carriers as a primary treatment stage and a vertical

subsurface flow constructed wetland as a secondary treatment stage.
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The anaerobic reactor was designed according to the German standard DIN
4261, while the constructed wetland was designed in accordance with the
German guideline ATV-DVWK-A 262. Physical activation of almond shells
was carried out at a temperature of 600°C for a duration of two hours. The
activated almond shells were then introduced into the anaerobic reactor at three
filling ratios of 5%, 10%, and 15% to investigate their effect on treatment
performance. System efficiency was assessed by measuring the concentrations
of Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BODs ),
and Total Suspended Solids (TSS).
The results demonstrated that the addition of activated almond shells
significantly enhanced the removal efficiency of organic pollutants and
suspended solids compared with the conventional system. Among the
investigated ratios, the 10% filling ratio achieved the best overall performance,
with removal efficiencies of 87%, 90%, and 86% for COD, BODs , and TSS,
respectively. These findings indicate that activated almond shells can be
effectively utilized as sustainable, low-cost, and efficient biological carrier
media in hybrid wastewater treatment systems, contributing to the
development of environmentally friendly and economically feasible
wastewater treatment solutions

Key words: Activated Almond Shells, Biological Carrier Media,
Anaerobic Treatment, Constructed Wetlands, Wastewater Treatment.
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Reference Wastewater Anaerobic Reactor Biological Carriers

Type V (Liter) Type HRT (hour)
1 | Vinod et al., 2012 Municipal Fixed Film Reactor 180 Coffee Husk (16,24,48)
) | Oliveiraetal, 2013 |  Municipal Anaerobic filter 500 Coconut Shell 9
3 | Alietal, 2016 Municipal Biological Filter 620 Maize Cob 14
4 (2020 Qsly o Municipal | Activated Sludge Aeration Tanks 10 Almond Shell (4,5,6)
5 | Guangietal,2024 | Municipal Anaerobic Baffled Reactor - Needle-Felt Coir Fibre 14
¢ | Sanitha et al.,, 2026 Municipal Upflow Biofilter Reactor 3 Corncob
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Reference Wastewater Anaerohic Reactor Constructed Wetland

Type | HRT (hour) | TypeFlux | PlantSpecie | Filling Media
1 | Thanhetal, 2014 Municipal ST 18 HSF Melampodium | Gravel, Sand
7 | Merino et al, 2015 Municipal UAF (18,28,43) HSF Canna Tezontle
3 | Abdel-Shafy et al, 2017 Municipal ST yr! HSF+VSF Phragmites Gravel
4 | Decezaro et al, 201§ Municipal ST 20 V&F Psittacorum Gravel
5 | Martaetal, 2023 Municipal HUSB + AF (9,14) VSF Iris psendacorus | Gravel, Sand
6 | Satyendraetal, 2024 Municipal ABR (12,18,24) | Upflow | Typha, Canna ACC
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235 518 1 219 518 1 240 520 1
230 508 2 214 524 2 237 529 2
227 520 3 212 520 3 235 527 3
225 528 4 210 509 4 233 522 4
223 521 5 209 518 5 232 519 5

228 519 | AVG 212.8 | 517.8 | AVG 2354 (5234 | AVG

56% 59% 55%

COD OUT (COD IN|STEP 2| | CODOUT | CODIN | STEP 2| (COD OUT (COD IN | STEP 2

82 235 6 70 219 6 86 240 6
78 230 7 65 214 7 M 237 7
T3 227 8 60 212 8 89 235 8
T 225 9 68 210 9 76 233 9
79 223 | 10 62 209 10 79 232 | 10
77.8 | 228 | AVG 65 212.8 | AVG 82.2 | 2354 | AVG
66% 65%
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BOD OUT (BOD IN | STEF 1| | BOD OUT | BOD IN | STEP 1| | BOD OUT | BOD IN | STEP 1
144 375 1 129 361 1 152 im 1
143 369 2 127 356 2 148 366 2
141 364 3 124 351 3 145 369 3
137 374 4 120 363 4 142 365 4
135 358 5 118 358 5 140 364 5
140 368 | AVG 123.6 | 357.8 | AVG 145.4 367 | AVG

62% 65% 60%

BOD OUT |BOD IN | STEFP 2| | BOD OUT | BOD IN | STEP 2| | BOD OUT | BOD IN | STEP 2
49 | 144 | 6 38 | 129 | 6 53 | 152 | 6
44 | 143 | 7 a1 |21 | 7 46 | 148 | 7
47 | 141 | 8 35 | 124 | 8 50 | 145 | 8
39 137 ] 30 120 9 A7 142 9
45 | 135 | 10 39 | 118 | 10 48 | 140 | 10

448 | 140 | AVG || 366 [1236 1454 | AVG
6% 70% 66%
8% m_ 87%
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TSSOUT |TSSIN |STEP 1| [TSSOUT |TSSIN | STEP 1| [ TSSOUT |TSSIN| STEP 1

74 152 1 60 148 1 69 159 1
70 140 2 58 158 2 65 148 2
67 147 3 55 153 3 62 155 3
64 142 4 53 150 4 60 152 4
62 151 5 52 147 5 58 156 5
67.4 |146.4 | AVG 55.6 |[151.2| AVG 62.8 | 154 | AVG
S54% 63% 59%

TSSOUT [TSSIN [ STEP 2| | TSSOUT [TSSIN | STEF 2| | TS5 OUT |TSSIN| STEP 2

30 74 [ 26 60 6 31 69 6
26 70 7 23 58 7 27 65
28 67 8 20 55 8 29 62
27 64 9 18 53 9 22 60 9
28 62 10 20 52 10 24 58 10
278 | 674 62.8 | AVG
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