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Using recyclable materials for

enhancing the treatment efficiency of the constructed wetlands

Shadi Takla* Ghada Bilal**
* PhD student at environment and sanitary of faculty of civil engineering — Damascus university

+* Assistant Professor at environment and sanitary of faculty of civil engineering — Damascus
university

Abstract
The idea of the research is summarized in studying the feasibility of using

one of the solid waste materials, rubber tire waste, as a filler material in plant
basins within constructed wetlands, and considering it as a new medium and
a biological conduit for flow within these beds alongside conventional gravel
materials, and comparing it with the alternative filler material either fully or
partially, that is, by combining gravel with rubber pieces, and evaluating the
efficiency of the alternative filler material in improving treatment efficiency
and pollutant removal, thus disposing of this waste in an environmentally
safe manner. All of this will positively reflect on reducing treatment costs, as
well as on the environmental aspect and the quality of the water resulting
from the treatment.

The systems were evaluated based on the efficiency of removing total
suspended solids (TSS), biochemical oxygen demand (BODs), chemical
oxygen demand (COD), ammonium (NH4"), nitrate (NOz’), and phosphate
(PO4™), in addition to the percentage reduction of porosity as an indicator of
clogging development.

The results showed that mixed systems achieved better performance
compared to single media. The highest removal efficiency reached
approximately 80% for BOD, 74% for COD, 63% for NH4, 46% for NOS3,
and 66% for PO4, while porosity loss decreased from 39.7% in the gravel
medium to about 24.49% in the mixed media .
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The results confirmed that increasing the proportion of rubber improved
porosity and reduced clogging development, while very high proportions of
rubber led to a slight decrease in the removal efficiency of suspended solids
due to decreased physical filtration capacity .

Therefore, mixing gravel material with rubber tire chips achieves a balance
between hydraulic conductivity, oxygen transfer, filtration efficiency, and
biological activity. The study also supports the feasibility of using recycled
rubber tire chips as a low-cost sustainable filter medium to enhance the long-
term performance of constructed wetlands.

Keywords: Constructed wetland, biological treatment basin, media, waste
rubber tires, Recycling.
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0.00% 0.327 0.00% 0.370 0.00% 0277 | 1
1.02% 0.323 0.90% 0.367 1.20% 0.273 | 15
3.06% 0.317 1.80% 0.363 3.61% 0.267 | 30
8.16% 0.300 5.41% 0.350 14.46% 0.237 | 50
12.24% 0.287 8.11% 0.340 20.48% 0.220 | 85
19.39% 0.263 14.41% 0.317 30.12% 0.193 | 113
23.47% 0.250 17.12% 0.307 33.73% 0.183 | 176
24.49% 0.247 19.82% 0.297 39.76% 0.167 | 239
24.49% 0.247 19.82% 0.297 39.76% 0.167 | 275

Aasdioal) A6} gall £163Y TSS ad — (2) Jgaall

Aatid o) Aatlal) 3alal) lallaal) LatLal) 3abal) Iyguant) AatLal) 3alal) TSS in
TSS Aljj) 4w | TSS out | TSS Aljj) &uus | TSS out | TSS iy Lo | TSS out | (aay cusll) ad
20% 136 15% 143 28% 122 169 1
36% 103 32% 110 41% 95 161 15
44% 93 38% 103 47% 88 166 30
47% 81 40% 92 49% 79 153 50
49% 79 44% 87 50% 77 154 85
54% 69 50% 74 55% 67 149 113
62% 59 57% 66 63% 58 155 176
69% 45 65% 50 67% 47 144 239
74% 37 69% 45 74% 37 145 275
Lasiial) L) Agall £153Y BOD; a8 — (3) Jgaadl
Aatidal) A8la) 5aLa) halhal) 48tLa) 5L Tguant) LilLal) 5alal) BOD in
BOD 4f}) iu.i | BOD out | BOD 4ljj) 4 | BOD out | BOD il dwui | BOD out | (am camusll) e
34.7% 133 33.7% 135 34.7% 133 204 1
41.3% 116 41.8% 115 43.3% 112 198 15
43.0% 112 39.4% 119 44.5% 109 196 30
47.2% 103 43.1% 111 45.1% 107 195 50
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59.5% 79 54.4% 89 57.4% 83 195 85
61.6% 74 56.4% 84 59.0% 79 193 113
65.9% 64 63.3% 69 63.3% 69 188 176
71.3% 52 67.4% 59 69.1% 56 181 239
79.5% 36 73.9% 46 77.8% 39 176 275

Lasiioal) Adlal) Agall £ 155y COD ad — (4) Jgaad)
Aaliaal) ALl 5alall Adalaal) ASiLal) 5alal) Iguanl) Adtlal) 3alal) COD in

COD 4f3) 4.ui | COD out | COD 41j3) 4ui | COD out | COD 41fj) 4uwi | COD out | (a cusesill) s

30% 223 27% 232 25% 240 319 1
36% 204 30% 222 31% 218 317 15
43% 173 30% 211 37% 192 303 30
51% 147 42% 172 47% 159 299 50
54% 137 48% 153 50% 148 296 85
57% 125 52% 139 56% 126 289 113
66% 99 58% 122 60% 115 288 176
69% 88 63% 104 67% 93 282 239
74% 74 67% 93 72% 80 281 275

Laxiioual) ALl ssall 159 NH4 2 — (5) Jaal
Aatiacal) Asilal) salall Aalaal) AsiLal) Salall A gaanl) Astlal) salall NH4 in

NH4 43 4 | NH4 out | NH4 43 45 | NH4 out | NH4 &) 4 | NH4 out | (a3 quwill) ad

12% 53 16% 51 14% 52 60 1
22% 48 22% 48 17% 51 62 15
37% 40 34% 42 27% 46 63 30
43% 35 46% 33 44% 34 61 50
50% 30 52% 29 53% 28 60 85
56% 25 52% 27 57% 24 56 113
58% 23 53% 26 56% 24 55 176
62% 21 53% 26 60% 22 55 239
62% 20 57% 23 62% 20 53 275
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Aasiioal) AL Agall £155Y NO3 28 — (6) Jgaad)

Jalidal) Astlal) 5alall Fdallaal) Astlal) 5alall Lugaan) Zalal) 5alall NO3 in
NO3 41} s | NO3 out | NO3 4l 4w | NO3 out | NO3 ilfj dui | NO3 out | (1t cumast) e
17% 48 19% 47 17% 48 58 1
20% 47 20% 47 20% 47 59 15
25% 41 24% 42 25% 41 55 30
24% 41 28% 39 28% 39 54 50
35% 36 40% 33 36% 35 55 85
36% 34 38% 33 34% 35 53 113
33% 34 37% 32 33% 34 51 176
38% 31 38% 31 34% 33 50 239
44% 28 38% 31 38% 31 50 275
Aasiioal) Llal) dgall £ 155 PO4 o — (7) Jsaad)
Aalidal) ALl 5alal) dalaal) Asilal) 5aLal) gl Astlal) 5alal) PO4 in
PO4 43 4w | PO4 out | PO4 43 4ui | PO4 out | PO4 Al dui | PO4 out | (ae cuwiill) !
10% 31 10% 31 7% 32 35 1
22% 27 22% 27 13% 30 34 15
16% 26 23% 24 16% 26 31 30
31% 21 37% 19 18% 25 30 50
42% 18 45% 17 36% 20 31 85
45% 16 48% 15 35% 19 29 113
50% 14 57% 12 35% 18 28 176
51% 13 63% 10 33% 18 27 239
58% 11 66% 9 36% 17 26 275
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