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Abstract
The research idea is summarized in evaluating the hydraulic performance and

pollutant removal efficiency for various mixing ratios between gravel and
rubber tire chips within constructed wetland systems with vertical subsurface
flow for wastewater treatment under steady operational conditions. Seven
different filter media were tested, including: 100% gravel, 75% gravel + 25%
rubber, 60% gravel + 40% rubber, 50% gravel + 50% rubber, 40% gravel +
60% rubber, 25% gravel + 75% rubber, and 100% recycled rubber.

The systems were evaluated based on the efficiency of removing total
suspended solids (TSS), biochemical oxygen demand (BOD), chemical
oxygen demand (COD), ammonium (NHs"), nitrate (NO3z’), and phosphate
(PO4?), in addition to the porosity reduction rate as an indicator of clogging
development.

The results showed that mixed media systems achieved better performance
compared to single once. Mixing ratios within the range of 50-60% rubber
achieved the highest treatment efficiency and hydraulic stability. The highest
removal efficiency reached approximately 80% for BOD, 74% for COD,
63% for NH4*, 46% for NO3", and 62—66% for PO4, while the porosity loss
decreased from 39.7% in the gravel medium to about 23% in the mixed
media.

The results confirmed that increasing the rubber content improved porosity
and reduced clogging development, while very high rubber ratios led to a
slight decrease in the efficiency of suspended solids removal due to reduced
physical filtration capacity.

The results indicate the existence of an optimal mixing ratio that achieves a
balance between hydraulic conductivity, oxygen transfer, filtration efficiency,
and biological activity. The study also supports the feasibility of using
recycled tire rubber chips as a sustainable and low-cost filter medium to
enhance the long-term performance of constructed wetlands.
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