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EXTENDED ABSTRACT

Introduction

Phosphorus and nitrogen are considered the most
important sources of water pollution, usually
finding in the effluent of wastewater treatment
systems. Transfer of these pollutants to the
receiving water bodies is the leading cause of
enrichment of these resources. Nitrates are
typically removed from wastewater using
heterotrophic denitrifying reactors. These reactors
require an organic carbon source. Hence, the
application of these reactors in wastewater
treatment systems is limited due to their
requirement for an organic carbon source. A
simple and cost-effective alternative technology
for nitrate and phosphorus removal involves using
filter materials such as wood chips as a carbon
source. The present study aim to evaluate the
feasibility of using the wood chips, seashells, and

beach sand to remove nitrates and
orthophosphates in the wastewater effluent.
Material and Methods

An upflow anaerobic packed bed (UAPB)
bioreactor was applied to treat wastewater from an
activated sludge system (Fig. 1). Hence, wood
chips were utilized as the carbon source, while
crushed seashells and beach sand were served as
the modifier materials. The physical and hydraulic
characteristics of the porous media are presented
in Table 1.

Fig. 1 Schematic drawing of upflow anaerobic packed
bed (UAPB) system

In order to assess the performance of nitrate and
orthophosphate removal, four laboratory-scale
bioreactors with different combinations of filter
materials, including Wood chips (W), wood
chips-beach sands (WS), wood chips-crushed
seashells (WSS) and wood chips-beach-sands-
crushed-seashells (WSSS) were considered. Each
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bioreactor was examined at three hydraulic
retention times (HRTs) of 12, 18, and 24 hr. The
efficiency of the UAPB reactor was evaluated by
measuring parameters such as pH, nitrate, and
orthophosphate in both the influent and effluent of
the bioreactor.

Table 1 Physical and hydraulic characteristics of the
porous media

Hydraulic Drainab  Effecti 11)3 uliki
Treatme Conductiv le ve i s
nt ity Porosit  volume Y
0 3 (kg/m
(m/day) 'y (%) (m”) 3)
W 43.5 73.4 0.0039 128.8
WS 26.8 65.4 0.0035 39:5-0
WSS 45.4 62.5 0.0033 41?-3
WSSS 31.3 60.4 0.0032 670.4

To achieve the highest removal performance of
nitrate and orthophosphate, biofilm formation on
the filter materials is essential. Therefore, the flow
was continuously established into all bioreactors
for 30 days. After the biofilm formation, the
inflow was adjusted based on the hydraulic
retention times of 12, 18, and 24 hr. Fig. 2 shows
the column of laboratory reactors in operation.

Fig. 2 Column of laboratory reactors in operation

Results

The pH decreased by 3.78% in the W effluent
compared to the influent. The pH reduction can be
attributed to the release of folic acid in the wood
chips and their leaching by the passing stream.
The pH level increased by an average of 1% In the
WS, WSS, and WSSS compared to the influent.
This behavior is due to the alkaline properties of
the used sands and the calcium carbonate present
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in the seashell. The results showed that the UAPB
system  significantly reduces the nitrate
concentration in the effluent compared to the
influent. The HRT plays a very prominent role in
reducing nitrate concentration. As the HRT
increases, the nitrate removal efficiency (NRE)
noticeably increases. According to Fig. 3, the
highest NRE of 100% occurred in the WSSS at
HRT of 24 hr, and the lowest NRE of 1.43%
measured at HRT of 12 hr in the W treatment. The
nitrate concentration reduction in the effluent can

mw

100 ~ 88.19

80 H

60 -

40 -

Percentage nitrate removal

be attributed to an increase in the residence time
of microorganisms with the flow passing through
the reactor bed, and consequently, more
opportunity for pollutant degradation. The nitrate
removal rate (NRR) decreased with increasing
HRT, such that the NRR was computed 43.8
g/m*/d in the WSSS at HRT of 12 hr and 54.3
g/m*/d in the WSS at HRT of 24 hr. The increased
NRR at lower HRT is due to the higher flow rate
passing through the reactor bed.

BWS WSS mWSSS

100

93.9 94.5

18 24
HRT(hr)

Fig. 3 Nitrate removal efficiency at the different treatments

Conclusions
The present study evaluated the efficiency of
natural filter materials such as wood chips, beach
sand, and seashells for removing nitrate and
orthophosphate pollutants under laboratory
conditions. The findings encompassed the
following:

e To remove nitrate and orthophosphate, using the
wood chips in combination with modifier
materials such as coastal sands and crushed
seashells are very efficient in saturated
environments

o The highest NRE and PRE values were achieved
in the WSSS treatment, which utilized a mix of
woodchips, crushed seashells, and beach sands.
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e Among the different HRTs, an HRT of 18 hr
showed better results in removing nitrate and
orthophosphate.
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Table 1 Filter material size and their mixing percentage

Filter Material  Sieve Number Length of Filter Material (mm) Mixing Volumetric Percentage
W 40 0.420-12.70 100
40 0.420-12.70 75
WS 5 2-4 25
WSS 40 0.420-12.70 75
5 2-4 25
40 0.420-12.70 50
WSSS 5 2-4 25
5 2-4 25
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Treatment Hydraulic Conductivity Drainable Porosity Effective volume Bulk Density
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Y 43.5 73.4 0.00390 128.81

WS 26.8 65.4 0.00346 395.08

WSS 45.4 62.5 0.00332 412.38

WSSS 31.3 60.4 0.00321 670.45
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