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Abstract
Metaldehyde, a toxic molluscicide has been used extensively in agriculture to combat slugs and snails. This study will investigate the capability of aerobic granular sludge to degrade metaldehyde in wastewater. Aerobic granules will be cultivated in sequencing batch reactor (SBR) with total cycle of 24 hours. Synthetic wastewater with acetate as main carbon source will be used as feeding to the biomass in the reactor. The morphological and structural stability changes of microbial diversity in aerobic granular sludge exposed to toxic shock load of metaldehyde will be examined in this study. Parameters of wastewater such as mixed liquor suspended solid (MLSS), mixed liquor volatile suspended solid (MLVSS), settling velocity (SV), pH, chemical oxygen demand (COD) and biological oxygen demand (BOD) will be monitored using standard methods of American Public Health Association (APHA). Morphology of aerobic granular sludge will be analysed using scanning electron microscope (SEM).
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1. Introduction
 
In this study, aerobic granular sludge (AGS) developed in sequencing batch reactor (SBR) will be used to biodegrade metaldehyde from wastewater. The effectiveness of AGS to degrade metaldehyde will be monitored. Microbes in AGS will be utilized to decrease the toxic effect of metaldehyde. The ability of AGS to survive with high-strength organic compound is expected could biodegrade metaldehyde in wastewater efficiently. In addition, AGS was used in numerous studies to remove organic pollutants in drinking water.
	The effect of metaldehyde on extracellular polymeric substances (EPS) will be investigated. Metaldehyde is used as molluscicide to kill golden apple snail in paddy field (MADA, 2014). Metaldehyde has been used extensively and brought concerns worldwide (Salleh et al., 2012). Metaldehyde is harmful to human and animals (ALS environment, 2014). This compound was found in surface water (Moreau et al., 2015).
	Metaldehyde and its derivatives enter the bloodstream and effects on the central nervous system (INCHEM, 1996 and EXTOXNET, 1996). Acetaldehyde, effect on consciousness in animals (EXTOXNET, 1996). Sign shows such as salivation, and muscle spasms during poisoning doses of this compound (INCHEM, 1996). Metaldehyde cause effects to humans, animals and plants (Naqvi and Vaihnavi, 1993, Calumpang et al., 1995, and Becker et al., (2011).
	On the other hand, metaldehyde also decrease the distribution of aquatic biota (Calumpang et al., 1995; Horgan et al., 2014). Therefore, there is a need on comprehensive study for the biodegradation of metaldehyde in water using AGS cultivated in SBR to provide clean and healthy water sources to human and the environment. The objectives of this study are: (i) to characterize the physical properties of AGS exposed to toxic shock load of metaldehyde. (ii) to determine microbial diversity in aerobic granular sludge. (iii) to examine the effect of metaldehyde on extracellular polymeric substances (EPS). (iv) to study the removal performance of metaldehyde.
	In this study, a cylindrical column will be used as the bioreactor to develop AGS. Activated sludge will be used to start the granulation. Synthetic wastewater will be supplied into the reactor. The wastewater characteristics such as chemical oxygen demand (COD), ammoniacal nitrogen, mixed liquor suspended solid (MLSS), mixed liquor volatile suspended solid (MLVSS), sludge volume index and other parameters will be taken frequently. The inhibitory of extracellular polymeric substances (EPS) secretion and morphological changes of granular sludge exposed to shock load of metaldehyde will be examined in this study. EPS extraction method will be done by using formaldehyde and NaOH followed by protein determination using Lowry method. Besides that, optical microscope with digital camera, scanning electron microscope (SEM) and field emission scanning electron microscope (FESEM) will be used to monitor the morphology of AGS.	
	DNA extraction and PCR amplification will be done to screen morphological and structural stability changes of microbial diversity in AGS exposed to toxic shock load of metaldehyde. The importance of this study is to fundamentally study the effectiveness and diversity of the microbial community in treating paddy field wastewater. 
	This study will enrich the researches on biodegradation rate of pesticides with respect to metaldehyde in water. Other than that, this research will provide information whether AGS is suitable tool for assessing status of metaldehyde removal. 
		Additionally, the findings of this study will provide fundamental establishment, ecotoxicology and bioremediation solution on the wastewater containing metaldehyde. This study will benefit government and non-government bodies such as Muda Agricultural Development Authority (MADA), Indah Water Konsortium (IWK), Department of Irrigation and Drainage (DID) and Department of Environment (DOE).
		          		
2. Research Methodology

2.1 Study outline

All the procedures that will be involved in this study starts from experimental set up to analysis were tabulated in Figure1. 
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Figure 1: General overview of the study

2.2 Reactor set -up and operations

Experiment will be conducted in a cylindrical acrylic column bioreactor and had internal diameter of 10 cm with a total height of 30.5 cm and a total volume of 2.4 L. The working volume of 2.2 L will be used in this experimental study. 
	Two set of peristaltic pump will be used to feed and to discharge the synthetic wastewater in the reactor system. The influent will be introduced in the reactor through a port located at the bottom of the column. The effluent will be discharged through an outlet port which had a volumetric exchange ratio (VER) of 50% and located at the middle of reactor height. Air will be supplied at the bottom of the reactor by a fine air bubble diffuser during reaction time.  
	The reactor will be operated under sequencing batch mode for continuous operation of 24 h. at temperature (27 - 30 o C). 10 min of feeding from the bottom of the bioreactor without stirring, 120 min of aeration, 5 min of settling and 5 min of effluent withdrawal as shown in Figure 2. The nutrient removal performance will also be monitored to demonstrate the feasibility of using the aerobic granulation for treating the agricultural wastewater. The sludge retention time (SRT) will be discovered by the discharge of total suspended solids with the effluent. Figure 3 shows reactor set up in this study.


Figure 2: Sequencing batch reactor cycle phases
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Figure 3: Reactor set up
2.3 Synthetic wastewater characteristics and seed sludge sample preparations

The reactor will be fed based on a similar recipe of synthetic wastewater attempted by Nor-Anuar et al. (2007). The COD - load with medium is 1.6 g COD/L/d and the COD/N ratio is 8.3. The synthetic wastewater recipe in this study is illustrated in Table 2.

Table 2:  Composition of synthetic domestic wastewater
	Medium
	Composition

	Medium O
	

	CH3COONa
	65.1 mM

	MgSO4.7H2O
	3.7 mM

	KCl
	4.8 mM

	Medium N
	

	NH4Cl
	35.2 mM

	K2HPO4
	2.2 mM

	KH2PO4
	4.4 mM

	Trace element
EDTA
FeSO4.7H2O
ZnSO4.7H2O
CaCl2.2H2O
MnCl2.4H2O
CuSO4.5H2O
COCl2.6H2O
	
100 g
1 g
4.5 g
16.4 g
10.1 g
3 g
3 g


Source: Anuar et al. (2007)

2.4 Analytical method parameters

The characteristics of the wastewater will be analysed according to Standard Methods 2540-E (APHA, 2005). For the microscopic examinations, the AGS will be separated using three different size of mesh sieve (0.2, 0.4 and 0.6mm) (Dahalan et al., 2015).	

2.5 Determination of metaldehyde

Liquid-liquid extraction using separatory funnel method is based on US EPA Method 3510 for aqueous matrix for the analysis of semi-volatile and non-volatile organics (US EPA, 2004). The extracts will be cleaned up by using the US EPA Method 3620B (US EPA, 1989).
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