The effect of HRT on the treatment of domestic wastewater by MBR
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Abstract

In this study, the effect of applying different hydraulic retention times (HRTSs) was investigated for a lab-scale
membrane bioreactor (MBR) treating domestic wastewater. The submerged flat-type ultrafiltration MBR was
operated under three different decreasing HRTs (9.6, 7.7 and 6.2 h) corresponding to three different operating
periods to examine its efficiency in removing organic content and nutrients from domestic wastewater. The
membrane module flux was equal to 16, 20 and 24 L m h%, respectively, during the three examined periods. The
chemical oxygen demand (COD) decreased from 99.5 to 96.4% with the flux increase from 16 to 20 L m? h! (i.e.
HRT decrease from 9.6 to 7.7 h). The bacteria performing nitrification were mostly affected by the HRT change:
the ammonium (NH4-N) removal dropped from 99.6% (HRT=9.6 h) to 67.2% (HRT=7.7 h). With the flux adjusted
to 24 L m?2 h! (i.e. lowest HRT=6.2 h), the COD and NH4-N removals were 93.4% and 46.3%, respectively. The
phosphates (PO4-P) removal was 80.5%, 30.3% and 17% during periods 1, 2 and 3, respectively. In terms of COD
removal efficiency, the treated effluent met the Turkish limits for discharge to the environment during all the
examined periods. The system performance was sufficient in terms of NH4-N removal for periods 1 (HRT=9.6 h)
and 2 (HRT=7.7 h). However, applying the operating conditions of period 2 (i.e. keeping the HRT decreased at

7.7 h) requires additional post-treatment (e.g. low-cost chemical precipitation) to enhance PO4-P removal.
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phosphorus

Nomenclature

CAS Conventional Activated Sludge

COD Chemical Oxygen Demand

DO Dissoled Oxygen

HRT Hydraulic Retention Time

MBR Membrane Bioreactor

MLSS Mixed Liquor Suspended Solids

ORP Oxidation-Reduction Potential

SRT Sludge Retention Time




N Total Nitrogen

TSS Total Suspended Solids

1. Introduction

Water is the most significant source of life: all living things need water to perform their vital activities [1]. With
the increasing population and industrialization worldwide, clean potable water resources are continuously
decreasing and the requirements for fresh water rise day by day throughout the world [2]. Hence, the removal of
pollutants from wastewater is an environmental issue of the utmost importance. There is a variety of macro- and
micro-pollutants such as detergents, pesticides, endocrine disruptor compounds and heavy metals that generate
pollution in water [3-4]. However, organic matter and nutrients such as nitrogen and phosphorus also require
removal from wastewaters since they cause oxygen consumption and eutrophication in the receiving environments
[5]. The Conventional Activated Sludge (CAS) systems are widely used in the treatment of domestic and industrial
wastewater for the removal of organic matter, nitrogen and phosphorus [6]. Nevertheless, they are highly sensitive
to fluctuations in the organic and volumetric loads. In such cases, a frequent choice is to increase the biomass
amount to boost the treatment efficiency of the system. However, this is likely to cause sludge settleability
problems in the clarifier unit. Membrane Bioreactors (MBRS) are suspended growth activated sludge processes
that perform filtration through membranes [7-8]. While the treatment and solid-liquid separation in the CAS
systems occur in separate tanks, the MBR systems do so in a single tank. Because of the recent rapid development
in the membrane technology and the resulting reduction of production costs, the MBRs have become cost-
competitive and are now widely applied both for drinking water and wastewater treatment purposes [9-10]. Their
advantages over the CAS systems also include the possibility to attain high solid retention times (SRTs) due to
high mixed liquor suspended solids (MLSS) concentrations in the tank. Moreover, they generate significantly less
amount of sludge that needs to be disposed of. It has also been noted that the nitrification process is more successful
and less impacted by ambient conditions at higher SRTs. Similarly, the microorganisms that biodegrade synthetic
organic compounds work more effectively under higher SRTs. Furthermore, the higher MLSS concentrations
within the MBR tanks allow operation under increased organic and hydraulic loadings and resistance to shock
loads [11-15]. However, membrane fouling is still the main challenge; it must be minimized to avoid a poor MBR
performance [16]. Fouling is a complex phenomenon that involves adsorption, accumulation, and/or precipitation
of organic and inorganic substances on the membrane surface under various operational conditions [17]. Operation

at very low HRT may result in low removal of nutrients and organic carbon due to the short contact time between



the wastewater and the biomass. The continuous HRT decrease has been associated with the limited or problematic
growth of bacteria. The latter is attributed to insufficient time for the active biomass to perform satisfactory
substrate degradation [18-20]. MBR studies have demonstrated that the high growth of bacterial populations
performing substrate degradation or the optimal carbon oxygen demand (COD) removal combined with a
satisfying energy production were achieved after applying a minimal required HRT [21-23]. Moreover, the
decrease of HRT can result in higher membrane fouling rate in MBR [24-26]. Lower HRT requires higher
membrane fluxes to be maintained, fact which can accelerate membrane fouling. The above findings show the
importance of testing different HRTs for the optimization of the system’s performance. In this study, the effect of
decreasing HRTs (9.6, 7.7 and 6.2 h) corresponding to three different operating periods was examined for a lab-

scale MBR treating domestic wastewater.

2. Material and Methods

2.1 The Experimental Set-up

In the current study, the removal of COD, nitrogen (NH4-N) and phosphorus (POs-P) in a lab-scale submerged
flat-type ultrafiltration MBR system was examined. The MBR unit was installed at the Ataturk University Campus
(Erzurum, Turkey). Wastewater for MBR system was drawn from a storm drain by a submersible pump controlled
by a level sensor relay. The MBR system operation started with a biomass inoculum of approximately 2.5 g
TSS L™ taken from conventional activated sludge. The Total Suspended Solids (TSS) concentration increased up

to 11.5 g TSS L™* while the MBR system was working. The MBR system is schematically shown in Fig. 1.
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Figure 1. Process diagram of the lab-scale submerged flat-type ultrafiltration MBR implemented in the current

study.

Figure 2. The lab-scale submerged flat-type ultrafiltration MBR treatment system used in the present study.



The lab-scale submerged flat-type ultrafiltration MBR treatment system used in the present study is given in Fig.
1. The tank was divided into 3 sections to enable water flow from the bottom. Wastewater from the influent tank
was pumped by the (P1) peristaltic pumps into the first (anoxic) compartment where mixing occurred using the
(M) mechanical stirrer. The second section (aerobic) was aerated via a diffuser (blower). In the third compartment,
the membranes were installed; they were aerated with same diffuser (blower). The aeration level in the membrane
and aerobic sections was controlled by flowmeters. 10 units of flat-sheet Polyethersulfone (PES) membranes with
a pore size of 0.038 um were placed in the 40-L membrane compartment for solid-liquid separation. The total area
of each membrane unit was 0.84 m?. In each operating period, the membrane module was cleaned using 500 mg
Cl; L? hypochlorite. The transmembrane pressure was continuously controlled by a pressure gauge (T1). In
addition, there was a peristaltic pump (P2) for the return from the membrane section to the anoxic compartment.
Three different membrane fluxes (i.e. 16, 20 and 24 L m2 h* for periods 1, 2 and 3, respectively) were applied in

the MBR section using a vacuum pump (P3).

2.2 Wastewater Characteristics and Operating Conditions

Table 1 shows the wastewater composition and the operating conditions during the experimental study. Table 2

presents the average values of operational parameters in the anoxic and aerobic sections.

Table 1. Wastewater characteristics and operating conditions of the lab-scale MBR used during the experiments.

Parameter Unit Value

COD [mg L] 198 - 245

BOD [mg LY 95-175
NH.-N [mg LY 22.2-28.1

PO,-P [mg LY 5.7-8.5
NOs-N [mg LY <0.5

MLSS [g L] 11-115

SRT [d] ©

HRT [h] 9.6 (period 1), 7.7 (period 2), 6.2 (period 3)
flux [L m2h?] 16 (period 1), 20 (period 2), 24 (period 3)

Table 2. Average values of the operational parameters in the anoxic and aerobic compartments.



Parameter Unit Anoxic section Aerobic section
Dissolved Oxygen [mg LY 0.10-0.21 4.10-5.20
pH - 7.61 7.53
ORP [MV] -1.1,-16 247
Temperature [°C] 16 17

2.3 Sampling and Analytical Methods

Samples were taken 3 times per week from the inlet, anoxic, aerobic, membrane and effluent sections. The samples
were analyzed using a Merck Pharo 300 spectroquant Spectrophotometer in terms of COD, NH4-N and PO4-P
content. All samples were filtered to remove solids through Whatman membranes (0.45 um) and the filtrate was
measured photometrically for its NH4-N and PO4-P content. The COD analysis was conducted according to the
5220C Standard Method. The MLSS and TSS were estimated according to the 2540B Standard Method. The
dissolved oxygen (DO) concentration, oxidation-reduction potential (ORP) and pH were measured in all sections

using specific probes (WTW LF340). NH4-N and PO4-P analyses were carried out by Merck kits (NH4-N with no:

14752 and PO4-P with no: 14842).



3. Results and Discussion
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Figure 3.1 COD removal in the three different operating periods (period 1: HRT=9.6 h, period 2: HRT=7.7 h, and

period 3: HRT=6.2 h).
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Figure 3.2 NH4-N removal in the three different operating periods (period 1: HRT=9.6 h, period 2: HRT=7.7 h,

and period 3: HRT=6.2 h).
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Figure 3.3 PO4-P removal in the three different operating periods (period 1: HRT=9.6 h, period 2: HRT=7.7 h,

and period 3: HRT=6.2 h).

The membrane flux increase from 16 to 20 L m2h caused a respective decrease in the HRT from 9.9 to 7.7 h
(period 1 to period 2). As shown in Fig. 3.1, 3.2 and 3.3 the removal of COD, NH4-N and PO4-P decreased from
99.5 to 96.4%, from 99.6 to 67.2%, and from 80.5 to 30.3%, respectively. The COD, NH4s-N and POs-P
concentrations in the effluent increased from 1.2t0 8.4 mg L%, 0.1 to 7.5mg L%, and 1.2 to 4.8 mg L2, respectively.
Increasing further the membrane flux to 24 L m h* (i.e. period 3: HRT=6.2 h) resulted in decreasing the COD
removal at 93.4%. The NH4-N and PO4-P removals dropped at 46.3% and 17%, respectively, meaning that the
average NH;-N and PO,4-P concentrations in the effluent increased from 7.5 to 13.4 mg L* and from 4.8 to 5.3 mg
L%, respectively.

Similar results were obtained in other research studies that examined the effect of HRT on the performance of
bioprocesses applied for wastewater treatment. Wang et al. [27] operated a lab-scale external-submerged anaerobic
MBR for the treatment of bamboo industry wastewater at HRT ranging from 2 to 10 d; the COD removal ranged
from 80% (HRT=2 d) to 93% (HRT=10 d). Longer contact time between the biomass and the substrate was
obtained at the highest examined HRT, thus enabling enhanced substrate degradation. In another study, Ng et al.
[28] investigated the COD removal operating a lab-scale MBR treating high-salinity pharmaceutical wastewater.
The COD removal was 68% at HRT=60 h (flux=1.46 L m? h) and slightly less (61%) at HRT=40 h (flux=2.19
L m?2 h?). At the lower HRT, the increased membrane flux and MLSS concentration led to faster membrane
fouling and, thus, to poorer process performance. Song et al. [29] explored the effect of HRT decrease on the total
nitrogen (TN) removal of a pilot-scale sequencing anoxic/anaerobic membrane bioreactor for municipal
wastewater treatment. By decreasing the HRT from 9.4 h to 6.5 h, TN removal gradually dropped from 73% to
65%. A lower HRT along with a decreased SRT (from 80 to 50 d) lowered the nitrifying bacteria concentration,
thus leading to incomplete nitrification. Low HRTSs can be tested with the view to avoiding reactor oversizing and,
subsequently, reducing the overall cost. However, HRT decrease is desirable only if it does not compromise on
nitrification-denitrification. Furthermore, Mouthon-Bello and Zhou [30] implemented a lab-scale MBR for
municipal wastewater treatment. Raising the HRT from 6 to 8 h resulted in increasing PO4-P removal from 89 to
98%. In this case, high PO4-P removal was expected as a result of the low influent soluble PO4-P content (i.e.
1+0.3 mg L1). Under these favorable conditions, the HRT increase provided adequate time for the effective PO4-
P removal in the system. Taking all the above into account, it can be concluded that HRT optimization is a key

factor for the achievement of satisfying COD and nutrient removal.
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In the current study, the emphasis was put on the optimization of the HRT parameter within lab-scale MBR system
treating domestic wastewater. As discussed in the Introduction section, concluding to an optimal HRT is important
in order to ensure sufficient substrate degradation, maintain a MLSS concentration that does not aggravate
membrane fouling [30-33] and avoid system oversizing. In this work, the minimal applied HRT respecting the
Turkish legislation limits concerning the COD and NH4-N removal was 7.7 h (period 2). Effective PO4-P removal
was noted only during the 1%t period (i.e. highest HRT=9.9 h). The addition of a cost-effective post-treatment step
(e.g. chemical precipitation), though, can enhance the PO4-P removal and, simultaneously, allow keeping the HRT

equal to 7.7 h.

4. Conclusions

(1) This study examined the efficiency of a lab-scale MBR treating domestic wastewater at 3 different HRTs (9.9,
7.7 and 6.2 h). The system operated in an anoxic/aerobic mode followed by a last section of submerged flat-type

MBR. The system’s removal efficiency was:

e 99.5%, 96.4% and 93.4% of in terms of COD,
e 99.6%, 67.2% and 46.3% in terms of NH4-N and

e 80.5%, 30.3% and 17% in terms of PO4-P

for periods 1 (HRT=9.9 h), 2 (HRT=7.7 h) and 3 (HRT=6.2 h), respectively.

(2) In terms of COD, the treated effluent from the MBR system met the Turkish limits for discharge to the
environment during all the examined periods. The system performance was sufficient in terms of NH4-N removal
for periods 1 and 2, but only in period 1 in terms of PO4-P. However, the addition of a low-cost post-treatment

(i.e. chemical precipitation) can enhance PO4-P removal and allow keeping the HRT=7.7 h.
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