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Abstract 

The change in SMP composition of an ABR operating at 24-hour HRT treating synthetic wastewater of 

medium-strength glucose feed was analysed using SPE-GC-MS. The results showed that alkanes and 
alkenes generally saw an increase down the compartments of the ABR. The number of esters identified on 

the first three sampling times when glucose feed was 2 gCOD/L, were only different by 2-3 compounds. 
On day 96 when the ABR was approaching a pseudo steady state, the number of detected ester compounds 

increased, with 8 out of 11 esters increasing in concentration by 5-6 times.  A 1.5-3-fold increase in the 

number of alkane, alkene, ester, acid, aromatic and nitrogenous compounds, and other unidentified 
compounds, were observed when the feed concentration doubled. The possible reasons for the formation of 

the compounds is discussed, using established pathways from the well-researched areas in natural product 

synthesis and metabolism in plants, fungi, algae, and pure strains of microorganisms. 
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INTRODUCTION 

The occurrence of SMPs in wastewater treatment effluents often contributes substantially to 

the effluent COD, which is one of the key parameters monitored to determine effluent 

quality. It is known that many effluent SMPs are eventually degradable over time in both 

aerobic and anaerobic processes, however, complete degradation is often limited due to the 

hydraulic retention time (Kunacheva et al. 2017). SMPs are also potential precursors of 

disinfection by-products as they undergo degradation and/or biotransformation, and react 

with post-treatment disinfection agents such as chlorine, to form chlorinated compounds, 

which remain in the effluent as recalcitrant compounds (Liu et al. 2014). A common 

conclusion drawn by research groups which have carried out qualitative analyses on these 

SMP, are that chemical compounds which have shown increases in concentration after 

treatment are recalcitrant, and those not detected in the final effluent are biodegradable. 

Viewed from a different perspective, the compounds with increasing concentrations over time 

could be the degradation or metabolic products of other solutes biologically produced in the 

reactor (Gulde et al. 2016). In this study, the changes in SMP production during changes in 

influent concentration were being analysed using an anaerobic baffled reactor (ABR). 

MATERIALS AND METHODS 

An ABR with eight compartments of equal volume totalling up to 10-litre working volume 

was used in this work (Grobicki and Stuckey 1991). The reactor was maintained at room 

temperature (25±1 oC) with a continuous feed of synthetic wastewater made up of a buffered 

glucose-protein solution supplemented with trace elements. Ultrapure water was run 

continuously through the reactor for two weeks, and the water was analysed by gas 
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chromatography coupled mass spectrometry (GC-MS) using the same procedure as for 

sample analysis to check for any leaching of chemicals from the plastic reactor itself. 4 

gVSS/L of mixed sludge was then loaded into each compartment of the ABR and the initial 

influent was 0.5 g COD/L of the buffered feed. The feed concentration was ramped up to 2 g 

COD/L after 27 days and 4 g COD/L after 96 days. Supernatant samples were collected on 

days 34, 56, 96, 120, and 158. The methane gas production, volatile fatty acids (VFAs) and 

soluble chemical oxygen demand (COD) from the ABR were monitored as a measure of 

reactor performance. For compound (SMPs) identification, supernatants from the different 

compartments of the ABR were pretreated using solid-phase extraction (SPE) before injection 

into Shimadzu GC-MS Ultra-2010 equipped with Rtx-5MS capillary column. Qualitative 

analysis was carried out using the NIST11 GC library, while quantification was based on area 

under the integrated peaks. 

RESULTS AND DISCUSSION 

Alkanes and alkenes 

In this experiment, alkanes and alkenes were observed to have the largest increases both in 

concentration and in number of such compounds. The number of alkanes changed randomly 

across the ABR and were present in a higher number in compartment 8 as compared to the 

initial compartment 1, except during the first sampling (4 weeks) after the increase in feed 

concentration. This could be an indication of the production and uptake of such compounds 

by biological systems, or natural degradation. Alkanes are known to be a common microbial 

product and biosynthetic methods have been an area of interest for their potential to be a 

biofuel alternative. In addition, it has also been found that fatty acids are precursors for 

alkane biosynthesis by a plant enzyme Pisum sativum (Cheesbrough and Kolattukudy 1984). 

Nitrogenous compounds 

Nitrogenous compounds generally decreased down the compartments of the ABR. Using the 

EAWAG-BBD (The Swiss Federal Institute of Aquatic Science and Technology-

Biocatalysis/Biodegradation Database), one of the biotransformation products of 3-methyl-6-

(phenylmethyl)-2,5-piperazinedione is predicted to be benzeneacetic acid, which was found 

in the second compartment from the sampling on day 56 (transient state of feed concentration 

increment). 

Esters, acids, and aromatic compounds 

The number of esters identified on the 3 sampling days were only different by 2 to 3 

compounds. On day 96, the number of esters increased, and 8 out of the 11 esters identified 

showed an increase in concentration by 5 to 6 times. From the samples collected on day 120, 

after the switch to a feed strength of 4 gCOD/L, the 4th compartment showed the highest 

number of acids, and methyl esters accumulated and decreased by 60% - 70% by the last 

compartment. The isomers of cresol, a phenolic compound identified in the first 

compartment, was observed to be biodegradable as the system stabilised over time. When 

sampling on day 56, cresol’s concentration decreased by 65% from the first to the last 

compartment of the ABR, while the analysis results of day 96 did not detect cresol in the 4th 

compartment. 

Others and unknowns 

The unknowns possibly included intermediates of the biotransformation of certain 
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compounds, and the number of unknowns was less in the samples collected as the system 

approached pseudo-steady state, i.e. day 96 and day 158. 

From a literature search for some of the suggested compounds, their derivatives or 

compounds of the same family, it was found that they can be isolated from plants and fungus. 

Most of these became of interest due to their antibacterial properties and medicinal uses. 

Separate reviews on natural product biosynthesis have concluded that the microbial 

production of natural products is often overlooked as they are not found under standard 

laboratory growth conditions, or when the strains are cultured individually (Pettit 2009, 

Scherlach and Hertweck 2009). Interestingly, these compounds are found in the 4th or 5th 

compartment where methanogenesis is expected to be the dominant process as observed from 

the methane production, and were not found in subsequent compartments.  
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Table 1 Performance of ABR and change in SMP during increase in feed concentration 

 

 
Figure 1 Plot of the number of compounds detected in the selected compartments of the ABR on Days 34, 

56, 96, 120, and 158. 

 

Sample Feed  

Average 

methane 

composition 

Effluent 

COD 

(mg/L) 

COD 

removal 

Compartment 

with highest 

number of 

compounds 

Chemical group with 

largest number of 

compounds in the 

last compartment 

Day 27 0.5 gCOD/L 72% 11 97% - - 

Day 34 2 gCOD/L 64% 745 60% A1; alkane (26) alkane (19) 

Day 56 2 gCOD/L 63% 614 66% A1; alkane (20) alkane (24) 

Day 96 2 gCOD/L 70% 207 84% A1; N (24) alkane (23) 

Day 120 4 gCOD/L 63% 1536 57% A4; unknown (93) unknown (20) 

Day 158 4 gCOD/L 63% 453 88% A8; alkane (36) A8; alkane (36) 


