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Executive summary 

This report recommends a methodology for sampling and quantitative analysis of dissolved methane in 
wastewater.  This task is milestone 2 of the Smart Water Fund Project 10TR1 which aimed to develop a 
sampling procedure for the quantitative determination of dissolved methane from the anaerobic pot in 
pond 1 of Lagoon 25W at the Western Treatment Plant, Melbourne, Australia.    

The recommended methodology was developed following the examination of the current practices 
adopted by Melbourne Water and its contractors for methane sampling and analysis,  a review of methods 
available in the scientific  literature  and consideration of the characteristics and constraints of lagoon 25W, 
including occupational health and safety issues, at the Western Treatment Plant.  

The methodology developed consists of: 

 The use of a custom designed bailer for collection of wastewater samples:  the bailer developed by 

CSIRO addresses the operating and safety requirements for handling wastewater and operation on 

anaerobic Lagoon 25W and provides good sample accuracy and reproducibility compared to 

pumping techniques. Samples are collected in 100mL bottles.  

 Analytical determination using head space gas chromatography with flame ionization detector (HS 

GC-FID) with a GS-Gaspro column, with 100L HCl (1:1) and 25% NaCl sample preservation, and 

sonication for 30min at 50 Hz. (Sonic energy is provided to the chamber by piezoelectric 

transducers bonded to the tank bottom; 216 Watts). For internal standard a 1-10 µL aliquot of 

either pentane or propanone is recommended. 

The sampling methodology was successfully verified in the laboratory, at a pumping station that receives 
the wastewater from Lagoon 25W and on the membrane cover over the anaerobic pot in pond 1 at the 
Western Treatment plant.  

The analytical method was developed in the laboratory using standard wastewater and high strength 
digested sludge from the Eastern Treatment plant, thus proving the adequacy of the method for analysis of 
dissolved methane wastewater and for sludge applications. The analytical method is able to determine 
both dissolved and gaseous methane trapped within the sample bottle.  

The laboratory and field validation showed that the methods developed provide higher accuracy and 
reproducibility for the evaluation of dissolved methane in wastewater compared to many of the techniques 
available in the literature.  In addition, the methodology also simplifies the sample handling process and 
eliminates a number of the potential sources of variability associated with sample handling.    
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1 Background 

1.1 Introduction 

Methane in wastewater is both an opportunity and a liability to wastewater treatment plant 
operators (Tauseef et al., 2013). The opportunity lies in the capture of methane which can then be 
used as a fuel source. Alternatively, if the methane is not captured, its negative impact as a 
greenhouse gas in the atmosphere is well documented (Cloy and Smith, 2013).  Thus, methane can 
be perceived as a liability in Carbon Trading or Pricing Schemes, where fugitive methane emissions 
need to be accounted for and a carbon equivalence price paid/offset (NGER, 2007). As such it is 
important for Wastewater Utility operators to quantify the amount of methane in wastewater and 
wastewater treatment facilities, to not only get a better understanding of the potential energy that 
can be produced, but also the amount of methane being lost to the atmosphere. 

With that in mind, Melbourne Water through the Smart Water Fund in partnership with CSIRO has 
devised a project investigating methodologies that can accurately measure the dissolved methane 
concentration in one of their anaerobic lagoons (i.e. the covered section of pond 1 of the 25W 
lagoon system at the Western Treatment plant).  

The anaerobic pond in Lagoon 25W is a 540ML open end pond covered by a geofabric membrane 
that receives raw wastewater for anaerobic treatment. No pre-screening occurs prior to entry of 
wastewater into the lagoon.  The lagoon is fed continuously and the wastewater has a mean 
residence time of approximately 24 hours. The wastewater is believed to be either saturated or 
supersaturated with methane (Melbourne Water 2013, personal communication). The schematic of 
the pond is shown in Figure 1. 

The lagoon has a depth of 6 to 8m and sludge is accumulated at the bottom of the pond at various 
depths across the lagoon; on average the sludge is located in the bottom 4 meters of the lagoon, but 
the sludge depth under the cover varies.  Methane generated in the lagoon is collected beneath the 
membrane and recovered for energy generation. The membrane operates under a small negative 
pressure - 4mmH2O (Melbourne Water, personal communication). Sampling points (15cm diameter 
portholes) located across the membrane are used for wastewater collection for monitoring 
purposes.  
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Figure 1. Diagram of Lagoon 25W and aerial photo of the membrane cover (Source: Melbourne Water 2013). 

 

 

1.2 Wastewater characteristics 

The wastewater characteristics in the 25W anaerobic pot vary seasonally and diurnally. Historical 
records for the influent and effluent from the pond are summarised in Table 1. The influent has the 
following concentration ranges:  590 to 1200mg/L for total dissolved solids (TDS), 36 to 2600mg/L 
for total suspended solids (TSS) and 84 to 1200mg/L for volatile suspended solids (VSS).  The 
concentration of hydrogen sulphide, nitrate and ammonia in the influent are well below the levels 
that may cause inhibition of methanogenic activity (Angelidaki 2003, Chen et al 2008).   

The concentrations of dissolved methane in the effluent have been recorded in the past, but were 
not part of a systematic sampling program (Melbourne Water 2013, personal communication).  
Previously measured dissolved methane concentrations ranged from 0.98 to 3.94mg/L, with an 
average of 2.5+2.1 mg/L, for wastewater entering the pond in 2011 to 2013, however after 
anaerobic processing in the pond higher methane readings are expected for the effluent (Melbourne 
Water 2013, personal communication).   
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Table 1: Summary of wastewater characteristics for Lagoon 25W (Source: Melbourne Water 2013)  

Parameter (units) Influent (2011-2013) Effluent (2011-2013) Lagoon 25W  

Mean 
+SD 

Median Range Mean 
+SD 

Median Range Effluent grab 
sample 

(19.09.2013) 

TDS at 180°C (mg/L) 919 ± 108 940 590-1200 n.d n.d n.d 840 

TSS (mg/L) 422 ± 169 410 36-2600 209.6 ± 
87.3 

190 54-810 n.a 

VSS (mg/L) 368 ± 104 360 84-1200 n.d n.d n.d 140 

EC (uS/cm) 1967 ± 
188 

2000 1200-2500 n.d n.d n.d 1800 

Sulphate (mg/L) 61+11 58 46-90 n.d n.d n.d 36 

Sulphite (mg/L) 1.3 ± 1.1 1 1-6 n.d n.d n.d n.d 

Sulphur (mg/L) 26.9 ± 5.6 27 0.1-52 n.d n.d n.d n.d 

Hydrogen 
sulphide(mg/L) 

3.0 ± 1.5 2.7 0.2-12 n.d n.d n.d 8.6 

CH4-dissolved (mg/L) 2.5 ± 2.1 2.5 0.98-3.94 n.d n.d n.d n.d 

COD (mg/L) n.d n.d n.d 509 ± 128 500 240-1100 n.d 

Temperature (°C) n.d n.d n.d 19.2 ± 2.8 19.1 6.9-26 n.d 

pH n.d n.d n.d 6.7 ± 0.2 6.7 6.0– 7.9 n.d 

VFA (mg/L) n.d n.d n.d 71.1 ± 
48.6 

n.d. 0-260 n.d 

Ammonia (mg NH3-
N/L) 

n.d n.d n.d n.d n.d n.d 51 

Nitrate (mg/L) n.d n.d n.d n.d n.d n.d <0.01 

Reactive Phosphorus 
(mg/L) 

n.d n.d n.d n.d n.d n.d 7.6 

Oil and grease 
(mg/L) 

n.d n.d n.d n.d n.d n.d 30 

Sodium (mg Na
+
/L) n.d n.d n.d n.d n.d n.d 210 

Chloride (mg Cl
-
/L) n.d n.d n.d n.d n.d n.d 330 

Legend: Not determined (n.d), Total dissolved solids (TDS), Total suspended solids (TSS), Volatile suspended 
solids (VSS), Electrical conductivity (EC), Chemical oxygen demand (COD), Volatile fatty acids (VFA),  standard 
deviation (SD). 

1.3 Current sampling and analysis of dissolved methane 

The determination of the dissolved methane concentration in wastewater requires an appropriate 
methodology for sample collection and quantification. Sampling of wastewater from lagoon 25W is 
complicated by the need to mitigate asphyxiant and explosive risks associated with operating in a 
methane rich environment, in addition to access restrictions through the floating membrane cover.  
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Current methane sampling procedures are conducted upon special request to ALS Laboratories and 
are not part of Melbourne Water’s regular sampling procedure. Samples are taken from the north 
bank of L25W immediately after the area covered by the geo-fabric membrane. 

A dip sample from about 1m below the surface of the water is taken with a bucket, these samples 
are then poured into vials which are capped and stored in ice prior to analysis.  

Analysis of dissolved methane for Melbourne Water is conducted by ALS Laboratories using the 
method “Technical guidance for the natural attenuation indicators: methane, ethane and ethene’  
(US EPA, 2001) based on the method developed by Kampbell and Vandergriff (1998) for analysis of 
dissolved hydrocarbons in groundwater. The US EPA method determines the dissolved gas 
concentration using Henry’s Law; Henry’s law assumes that the concentration of gas in the liquid is 
proportional to the partial pressure of the gas above the liquid. However, wastewater is a very 
different sample matrix to that commonly observed for groundwater samples, for which the US EPA 
method was developed.  

Thus Melbourne Water would like to determine the validity of their current methods used for 
sampling and analysis of dissolved methane (US EPA, 2001) in view of the wastewater characteristics 
in the pond.    

1.4 Objectives 

The  objectives of this report are: 

(a) To develop a methodology for the in-situ sampling of wastewater and sludge that minimizes 

dissolved methane losses; and 

(b) To demonstrate an analytical methodology to determine the amount of total dissolved 

methane in wastewater samples at a high level of accuracy and to evaluate deviations from 

Henry’s Law behavior. 

This report explains how such objectives were achieved and the optimal methodologies developed. 
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2 Development of a sampling method   

2.1 Review of sampling methods for dissolved gas analysis 

 

The collection of groundwater and wastewater samples for dissolved methane analysis aims to 
minimize the disturbances and losses of dissolved methane during the sampling process, given the 
low solubility of methane at ambient temperature.  In under saturated solutions, dissolved gases 
leave the solution though diffusion and samples are typically collected in bottles whilst minimising 
contact with air. However, in saturated and oversaturated solutions, bubbles form as soon as the 
partial pressure of the gases exceeds the external pressure, hence the capture of both the gas and 
liquid phases is required for accurate sample collection.   

A large range of devices and methods have been adopted in the literature for sampling dissolved 
gases and isotopes in groundwater, surface waters and wastewater (Loughrin et al 2010, Hirsche and 
Mayer 2007). These techniques typically consist of grab samples collected manually, with the aid of  
pumps, and/or  the use of flow cells and membranes for selective gas diffusion, as exemplified in 
Table 1. The majority of these devices have been used in groundwater sampling, with a wide range 
of design complexity, sample sizes, sampling time and accuracies (Hirsche and Mayer 2007).  In 
addition, in recent years, real-time analytical techniques, such as photoacoustic techniques and 
Raman infrared have also been trialled for in-situ analysis of surface and sea waters (Abril et al 
2006). The majority of the studies adopted variations of the slow fill technique followed by crimping 
of sample vials.  

Studies that sampled wastewater adopted retrieval techniques for sample collection (see # 2, 3, 4 

and 5 in Table 1), however the majority of reported cases sampled wastewater under laboratory 

conditions with easy access to the wastewater reactor or sampling ports (Hatamoto et al 2010, Shin 

et al 2012, Hartley and Lant 2006).   

 

For in-situ sampling in confined spaces, two techniques are typically adopted for water sampling 

(Walsh and McLaughlan 1999, Souza et al 2011):  

(a) Collection with devices that are lowered into a well, such as bailers, syringes and flow 

through cells;  

(b) Retrieval of water to the surface using containers or displacement pumps operating at low 

flow rates where samples are transferred into a sample bottle, flow or diffusion cell.   

Few studies have conducted a direct comparison of different sampling techniques of the same 
sampling location and comparable conditions.   Hirsche and Mayer (2007) highlighted the need for 
further research into the effect of flow through cells and pumping-induced pressure changes on the 
concentration of dissolved gases in shallow waters.  Hirsche and Mayer (2007) suggested a 
comparison of down-hole samplers with the widely used inverted glass bottle method followed by 
head space equilibrium.   

Among the few studies that conducted sampling comparisons, Walsh and McLaughlan (1999) 
compared the use of open and closed bailers and two different pumps for sampling of water from 
two wells.  No significant differences in accuracy were observed for the dissolved methane using the 
different sampling techniques; however the precision (recorded as relative standard deviation) was 
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found to be 1.2 to 1.4 times greater for the bailers compared with the pumps (Walsh and 
McLaughlan 1999). Other studies also reported variations in the precision and standard deviation 
attributed to the skill of users when employing bailers: whilst bailers were deemed less precise than 
pumping for sampling of VOCs (Imbrigotta et al. 1988), other studies verified that with skilled users a 
relative reduction of 2 to 4 times in standard deviation could be achieved in relation to other 
methods (Parker  1994; Barcelona et al., 1984 in Walsh and McLaughlan 1999). 
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Table 2: Examples of methods used for collection of water samples for dissolved gas analysis. 

# Method  Applications Description Reference 

1 Manual 
sampling 
into vial 

Surface waters Samples are collected by lowering a vial into the water. The vials is filled 
completely and slowly lifted out of the water, and capped.    

Lomond and Tong 2011 

2 Manual 
sampling 
with ‘slow 
fill’ 

CH4 in  
groundwater

1
, 

wastewater
2 

Water samples are collected manually and gently added into vials down the 
side of the bottle or with a syringe with a catheter tip and silicon tube

3
 to 

minimise turbulence and bubbles. The vial is filled and capped with
1
 or 

without
2,3

 preservative. 

1
Kampbell and Vandergrift 1998, Souza et al 

2011
2
, Daelman et al 2013

3
. 

3 Overflowing 
vial 

Wastewater 
from lab 
reactors 

Water volumes of twice the volume required is poured gently into a vial and 
allowed to overflow. Biocide is added and the sample capped. 

Hatamoto et al 2010 

4 Undisclosed Wastewater 
from lab 
reactors 

Samples collected in vials without air contact, sealed with rubber stoppers and 
crimped. 

Shin et al 2012 

5 Flow cells Groundwater A plastic or glass cylinder with control inlet and outlet valves. Using a pump 
water is allowed to flow through the cell until the cell is filled through closure 
of the valves. 

Loughrin et al 2010 

6 Hypodermic 
needle 

Wastewater 
from lab 
reactors 

An evacuated sample tube is partly filled using a double ended-hypodermic 
needle inserted through a rubber port in the reactor. The sampling tube is 
withdrawn and the sample sealed. 

Hartley and Lant 2006 

7 Syringe and 
plunger 
sampler  

Groundwater An external metal casing covers a syringe and plunger assembly, valves 
controlled by water filled counter weights activate the assembly underwater.   

Dubord 1992 in Hirsche and Mayer 2007 

8 Syringe and 
vacuum line  

Groundwater A 20ml syringe connected to a vacuum line is dropped into the water with a 
weight. The vacuum line is activated causing the plunger to collect a sample. 
The syringe is brought to the surface and transferred into a vial.   

Simpkins and Parkins 1993 

9 Inverted 
bottle 
method  

CH4 in drinking 
water wells 

An inverted or upright
4
 vial is submerged in a bucket filled with sample water. 

The hose outlet is placed up into the top of the inverted vial; then vial is filled 
by purging the volume of water in the vial a number of times before capping. 

Coleman et al 1988; Drimmie et al 1991, 
Hirsche and Mayer 2007; 

4
Liotta and Martelli 

2012.  
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# Method  Applications Description Reference 

10 Slow 
pumping 

Groundwater A bladder pump operating at a low flow rate (100mL/min, tube 6mm i.d.
5
) 

collects samples into vials. The tube inlet is placed at the bottom. Filled vials 
are capped and crimped. 

5
Jahangir et al 2012 

11 Pumping and 
continuous 
in-situ 
analysis 

Reservoir water Water is pumped though a flow chamber with air and the gas generated 
connected to a gas analyser for analysis at 2min intervals.   

Abril et al 2006 

12 
Gas diffusion 

through 

membranes 

Groundwater Using a pump water flows through a sampler which contains a gas  selective 

membrane tube. Over time the gas diffuses into the membrane, which is 

removed for analysis.  

Jacinthe and Groffman 2001 
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2.2 Selection criteria 

For the covered anaerobic pot of Lagoon 25W, the selection of a sample collection technology had 

to consider the following criteria: 

(a) The characteristics of the collection site and health and safety requirements:  the need to 

operate on a flexible membrane cover, access restrictions via the portholes, the need for 

intrinsically safe equipment and ease of equipment maneuverability for the operator; 

(b) The characteristics of wastewater: raw wastewater with high particulate matter (VSS),  

potentially high concentrations of methane (saturation), 

(c) Ability to control sampling depth due to wastewater variability with depth; and  

(d) Sampling reproducibility and the ability to minimise any methane losses during sample 

collection and transfer.  

 

Access restrictions and health and safety considerations played a large role in determining the 

devices that can be adopted for sampling on the site. In particular the lack of access to power and 

the need for intrinsically safe devices restricted the use of power operated devices. In addition as 

the operator had to walk over the cover, it was important to minimize any additional weight.  

 

The need to sample at various depths and multiple locations across the lagoon requires a sampling 

device that can be easily moved and adjusted for depth. 

 

The unknown wastewater conditions, the lack of pre-screening, the unknown flow paths of 

wastewater within the pond and the existence of dried layers of sludge and foreign objects within 

the pond requires a sampling method that is robust.         

        

2.3 Methodology 

2.3.1 SAMPLING METHODS 

The techniques selected for sampling were: 

Method 1:   A customized sampler was designed by CSIRO. The sampler consisted of a PVC tube and 
an internal pole which holds a 100 mL Schott bottle.  This sampler lowered the sampling bottle to a 
selected depth (e.g. 1m at the pump station). The bottle was uncapped at the pre-selected depth, 
allowing wastewater to fill it. After filling, the bottle was capped and returned to the surface.  The 
sampler was constructed from a PVC tube of 65mm diameter (85mm maximum at joints) and could 
be adjusted in length (between two to four meters). It had an internal rod that controlled the 
opening and closing of the glass sample bottle. The sampler is shown in Figure 2 and a schematic 
diagram of the sampler is also shown in Appendix A.  

During sampling the sampler was lowered into the wastewater and the cap of the bottle unscrewed 
by turning the handle of the rod anticlockwise. During filling, air from the bottle is released by gentle 
lifting and rotation of the handle. The sampler was also tilted fifteen to twenty five degrees from 
vertical to ensure complete evacuation of air. After filling, the bottle was recapped by lowering the 
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rod and turning it clockwise, the sampler (and sample) were returned to the surface for storage in 
ice. To aid the analytical testing, the sample bottle cap had a flexible silicone-PTFE membrane liner 
allowing the use of syringes for sample removal and analysis without the need to uncap the bottle.  
The bottle cap was also modified with two 3mm diameter holes on opposite sides.   

Method 2: A peristaltic pump (Masterflex L/S Digital Drive, 600 RPM, 115/230 VAC)  was used to 
collect wastewater at a low suction rate (67 mL/min, then increased to 133mL/min to avoid 
bubbling). The suction inlet was lowered to a pre-selected depth of 1m using a guiding pole and the 
wastewater was pumped into the sample vials. The outlet of the tube was placed against the inside 
wall of the glass vial in order to avoid agitation upon entry. After filling the vial was capped with a 
butyl rubber stopper and crimped for transport. This method was selected for comparison only as it 
is commonly adopted in the literature, but requires power for pump operation. 

The performance of the two sampling techniques was examined by sampling wastewater from the 
pumping station located after pond L25W, which is shown in Figure 3.  

 

 

Figure 2.  Details of the wastewater sampler for dissolved methane. 

 

Figure 3. Location of sampling trial at pump station. 
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2.3.2 SAMPLING ON THE COVER 

Following the initial comparison of methods 1 and 2, the sampler was used to sample wastewater 
from the membrane cover on the 14 February 2014 to demonstrate that the sampling process was 
suitable for use on the membrane.  Sampling was conducted at location M on the membrane cover 
as shown in Figure 4 and the sampler was handled as previously described in Method 1 by two staff 
members (one from Thiess and one from CSIRO). Three sample bottles were recovered and stored in 
ice upon collection.  

 

 

 

Figure 4. Sampling location on the membrane cover of the Lagoon 25W on 14 Feb 2014. 

 

 

2.3.3 TRANSPORT 

After collection the sample bottles were placed upside down to avoid the loss of any gases and 
stored in ice for transport to the laboratory. Upon arrival to the laboratory, samples were stored at 
<4°C until analysis. A 100 mL deionised water blank was also transported to the lab for use as quality 
control.  

 

2.3.4 SAMPLE TRANSFER FOR ANALYSIS 
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The transfer of the collected samples in 100mL bottles to the vials used for analytical determination 
was examined using combinations of field and laboratory transfer using wastewater from the 
pumping station and from the membrane, as shown in Table 3.   

Table 3: Sample collection and transfer combinations 

Sampling 
method 

Sample 
number 

Details 

Sampler  at 
pump station 

1.1 Transfer at field site into 20mL vials with pipettes. 

 1.2 Transfer at field into 20mL vials with pipettes, preservative 2 drops of 
HCl (1:1). 

 1.3 Transfer in laboratory into 20mL vials with syringes, preservative 2 
drops of HCl (1:1). 

 1.4 Transfer at field into 20mL vials with pipettes, preservative 2 drops of 
HCl (1:1) + 25% NaCl. 

 1.5 Transfer in laboratory into 20mL vials with syringes, preservative 2 
drops of HCl (1:1) + 25% NaCl. 

Peristaltic 
Pump  at 
pump station 

2.1 Sampling using inverted bottle method (100mL), transfer in laboratory 
into 20mL vials with syringes. 

2.2 Sampling into upright 20mL vials, no preservatives. 

2.3 Sampling into upright 20mL vials,  preservative 2 drops of HCl (1:1.) 

2.4 Sampling into upright 20mL vials, preservative 2 drops of HCl (1:1) + 
25% NaCl. 

Sampler on 
membrane1 

3.1 Transfer in laboratory into 20mL vials with syringes, preservative 2 
drops of HCl (1:1) + 25% NaCl. 

 3.2 Transfer at field site into 20mL vials with pipettes, preservative 2 
drops of HCl (1:1) + 25% NaCl. 

 3.3 Transfer at field site into 20mL vials with single syringe, preservative 2 
drops of HCl (1:1) + 25% NaCl. 

      Note: 1 For verification of transfer method feasibility only, the methane concentration was not 
analysed. 

The methods adopted for transfer from the 100mL bottle into vials were: 

(a) Pipette transfer: the 100mL sample bottle was opened and a sample aliquot was transferred 

using a pipette into a 22 mL vial.  

(b) Single syringe method: the 100ml sample bottle lid was loosened and the septum pierced for 

removal of a sample aliquot using a gas tight syringe. The aliquot was transferred into a 22 

mL vial.  

(c) Double syringes method: the 100mL sample bottle was inverted and two syringes were used 

for simultaneous injection of a gas and extraction of a sample aliquot through piercing the 

cap seal.  The aliquot was transferred into a 22 mL vial. 
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3 Analytical methodologies 

3.1 Introduction 

As previously stated, the US EPA method was initially developed for measuring dissolved gases in 
ground water,  such as: methane, ethane and ethylene, where the dissolved gas is determined using 
Henry’s Law. However, it should be noted that wastewater is a very different sample matrix to that 
commonly observed for groundwater samples for which the US EPA method was developed. As 
such, the application of this method in its current form has raised some questions about the validity 
of this approach and numerous researchers have modified the US EPA method in an attempt to 
improve its reliability and reproducibility when applied to such complex matrices. The following 
section summarises some of this research. 

3.2 Review of analytical methods for methane in aqueous samples 

There are four common approaches that have been applied for the analysis of methane in water 

(Liotta & Martelli, 2012), namely: 

 Method 1 - Partitioning dissolved gas between the aqueous phase and a headspace after the 

introduction of an inert gas and utilizing Henry’s law coefficients for the determination of 

the dissolved gas concentration.  

 Method 2 - Releasing the gas into the headspace of a previously evacuated container into 

which the water is aspirated. Analogous to this method is the salting out method; both 

which calculate gas concentrations using sample and headspace volume ratio calculations. 

 Method 3 - Stripping dissolved gas from the water by passing a carrier stream on inert gas 

through the water. This is also known as the purge and trap method. Dissolved gas 

concentrations are measured directly. 

 Method 4 - In situ diffusion through passive semi permeable membranes, with the dissolved 

gas flowing toward a gas sampler. Dissolved gas concentrations are measured directly. 

The four methods described above all manipulate the sample in one form or another in order to 

analyse the dissolved methane in a sample. It is interesting to note that of the four methods 

described, the two most commonly applied to water and wastewater are based on static headspace 

methods.   

3.3 Current approach  

Most commercial laboratories in Australia rely on the US EPA method for the measurement of 

dissolved methane. As stated previously, this method is based on the work by Kampbell and 

Vandergrift (1998). Briefly, samples are poured down the side of a bottle without agitation and then 

the bottle is capped with a butyl rubber-Teflon septum. The samples are then acidified with 

concentrated HCl or H2SO4 prior to capping. A headspace is then created by displacing 10% of the 

sample with an inert gas such as nitrogen or helium. Once treated, samples can be stored at 4°C for 
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a maximum of 14 days prior to analysis. However, prior to analysis by GC-FID, the samples are 

shaken using a rotary shaker (5 minutes at 14000 rpm) in order to allow the samples to equilibrate. 

An aliquot of > 300 μL of the headspace is then injected. The sample temperature is measured at the 

beginning, every 4 hours, and lastly at the completion of the analysis. The amount of dissolved 

methane in solution is then determined via Henry’s law constant, which is temperature dependent. 

Like many other commercial laboratories, the method used by ALS is based on a variation of the US 

EPA (US EPA, 2001).  Samples are received by the laboratory in 40 mL vials, completely full and pre-

treated with sodium bisulphate. Once received, the samples are uncapped and transferred into a 22 

ml headspace vial. A headspace volume of 5 mL is created by displacing the sample with nitrogen. 

The samples are then shaken and left to equilibrate for 10 minutes prior to manually injecting on a 

GC-FID for analysis. An alternative variation of the US EPA method that is commonly used is the 

salting out method, where samples are saturated with sodium chloride in order to reduce the 

solubility of methane in the sample (Gal'chenko  et al. 2004; Liotta and Martelli 2012). The method, 

therefore, does not rely on Henry’s Law constants and assumes that the saturation (or near 

saturation) of salt lowers the solubility of methane in water forcing the dissolved methane into the 

headspace. When large volumes of samples are analysed, the pressure that builds up in the sample 

vial needs to be released and the volume of gas needs to be accounted for in order to determine the 

concentration of methane in the original sample (Gal'chenko  et al. 2004). 

The following two tables provide a summary of these two method types and their application to 

aqueous samples (i.e., the methods based on Henrys Law and the salting out method).  Table 4 

provides a summary of the US EPA method and its variation, while Table 5 lists a selection of 

methods and variations of these methods that were found amongst the academic literature.  

It should be noted, the key variation between the two US EPA methods described in Table 4 is the 

volume of sample collected and the analytical detector used. The US EPA method RSKSOP-175 

requires a larger sample volume be collected compared to the US EPA Region 1 method in order to 

analyse and measure additional VOCs other than methane, ethane, and ethylene. The additional 

VOCS assessed in the RSKSOP-175 method include dissolved hydrogen, propane, butane, acetylene, 

nitrogen, nitrous oxide and oxygen. 

In addition, all the research methods listed in Table 5 were undertaken using manual injections of 

samples. The use of an auto sampler would automate the analysis and enable more samples to be 

analysed in a significantly shorter time frame. 
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Table 4: Standard methods for analysing methane in water    

# 

Method # 
Sample 
Matrix 

Vs 

(ml) 

VH 

(ml) 

Additive / 
Preservative 

Agitation 

(time) 

HS Inert 
gas 

Detection LOD 

(mg L
-1

) 

Reference 

1 US EPA – 
Region 1* 

Groundwater 
samples 

36 4 Two drops HCl 

 

rotary shaker for 
5 minutes 

He GC-FID 0.05 US EPA – Region 1. 
Technical guidance 
for the natural 
attenuation 
indicators: methane, 
ethane, and ethene. 

2 RSKSOP-175 
(not an 
official EPA 
method) 

Water 54 6 Two drops HCl 
or 

2% trisodium 
phosphate 

5 minutes He GC-FID/PID N/A RSKSOP-165, Revision 
No. 2. Sample 
Preparation and 
calculation for 
dissolved gas analysis 
in water samples 
using a GC headspace 
equilibrium 
technique. 

Note: * a subset of US EPA Region 1, are Method 5030/5035 (a purge and trap method, Method 5021 (a headspace method) and Method 5032 (a vacuum distillation method).  

VS = Volume of sample, VH = volume of headspace, HS inert gas = Headspace inert gas, LOD = Limit of detection 
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Table 5: Research methods for analysing methane in water samples 

# 
Sample 
Matrix 

Vs 

(ml) 

VH 

(ml) 

Additive / 
Preservative 

Agitation 

(time) 

HS 
Inert 
gas 

Headspace auto 
sampler 

Detection 
LOD 

(mg L-1) 

Reference 

1 Ground 
Water 

54 6 Two drops H2SO4 5 - 10 He No – manual 
injection 

GC-FID 0.001 Kampbell  & 
Vandegrift 
(1998) 

2 Wastewater 50 70 20 g NaCl N/A N/A No – manual 
injection 

GC-FID N/A Daelman et al. 
(2013) 

3 Groundwater 40 120 N/A 13 He No – manual 
injection 

GC-ECD/FID N/A Jahangir et al. 
(2012) 

4 Water  245 5 N/A 2 - No – manual 
injection 

GC-FID 0.00001 Lomond & Tong 
(2011) 

5 Sea water 14 3 25% NaCl 

1 g KOH  

Heated for 2 
hrs 

N/A No – manual 
injection 

GC-FID N/A Gal'chenko et al. 
(2004) 

6 Brackish 
water 

110 10 N/A Water bath 12 
hrs 

N/A No – manual 
injection 

GC-FID/TCD 0.00001 Liotta & Martelli 
(2012) 

7 UASB 
reactors 

25 35 N/A 10 N/A No – manual 
injection 

GC-FID 18  Souza et al 
(2011) 

8 Wetland 5 5 N/A 30 seconds N/A No – manual 
injection 

GC-FID N/A Alberto et al 
(2000) 

Note: GC-FID is defined as gas chromatography with flame ionisation detection; GC-ECD is defined as gas chromatography with electron capture detection; GC-PID is defined as gas chromatography with 
photoionisation detection 

VS = Volume of sample, VH = volume of headspace, HS inert gas = Headspace inert gas, LOD = Limit of detection 
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As illustrated in Table 5, researchers have been investigating variations to the US EPA method for the 

determination of dissolved methane in a range of sample matrices, namely: wastewater, seawater, 

brackish water and waters with a high ionic strength. In addition to developing methodologies for 

different sample applications, other method parameters have also been investigated and modified. 

For example, variations of headspace volume, temperature, agitation time/sample equilibrium 

conditions and salinity.  The following sections provide a summary to these investigations and the 

outcomes. 

Jahangir et al (2012) evaluated the role of headspace equilibration treatments including helium to 

water ratios, shaking and standing time to determine optimum conditions as various equilibrium 

conditions had been tested and reported in the literature.  Jahangir et al found the optimum 

conditions for methane were: a VH (He) : Vs ratio of 3.4:1, shaking time 13min (400 rpm), and a 

standing time of 108min. Lomond and Tong (2011) also verified that the gas to liquid phase ratio 

during partition has a large importance on the accuracy of results, and in addition presented a 

modified calculation that uses partition coefficients instead of Henry’s law. Adoption of the partition 

coefficients facilitates the calculation; however, the calculation requires measuring the pressure of 

the headspace at the time of analysis – which further complicates the analysis.  It is important to 

note, that while the method applied was more complicated, detection limits were significantly lower 

than those reported by other authors (i.e., Kampbell and Vandergrift, 1998). In addition, it is noted 

that detection limits can generally be improved through larger sample sizes, as evident in Table 5.   

The effects of temperature were studied by Kim and Daniels (1991). They indicated that differences 

in temperature between sample bottles and the syringe used for collection of samples with 

thermophilic cultures could result in overestimation of methane generated at higher temperatures 

(>50°C), which is a deviation from the gas law, although the cause was not fully explained.  While 

some authors have investigated the variation in temperature, it should be highlighted that 

temperature will only have an impact on polar VOCs – where the rise in temperature is sufficient to 

transition them from the aqueous phase into the gas phase. Non-polar VOCs will largely be 

influenced by the agitation time and the ratio of sample volume to headspace volume. 

Liotta and Martelli (2012) studied brackish water and showed that salinity also decreases the gas 

solubility as observed from empirical relationships as described by Setchenow equation. Hence 

solubility is dependent on both temperature and salinity. Liotta and Martelli proposed a method for 

direct injection of a water sample into the GC which corrects for salinity from 0 to 40PSU1. 

 

 

  

                                                           

 
1 1 PSU (Practical Salinity Unit) is defined as the conductivity ratio of a sample to that of a solution of 32.4356 g of potassium chloride at 
15°C and 1atm pressure in a 1kg water solution. For instance, seawater at 15°C has a salinity of 35 PSU (Plaschke and Morgan 1999). 
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3.4 Analytical methodologies  

 

3.4.1 SAMPLE PREPARATION  

For the purpose of method development, wastewater sludge samples were collected from an 

anaerobic digester at the Eastern Treatment Plant (COD 5450mg/L, TDS 3500mg/L) (November 2013, 

Melbourne, Australia) and were kept refrigerated at 4°C. As a starting point, a 12 ml aliquot of 

wastewater was then added to a 22 ml headspace vial (23 x 73 mm; Agilent Technologies, Mulgrave) 

and preserved with 100 µL of concentrated HCl (2 drops) and 25% weight per volume NaCl before 

being capped with PTFE/silicone septa.  This volume was selected in order to prevent any potential 

over pressurisation of the headspace vials as highlighted by some authors. Samples were then 

shaken for 5 minutes then kept cold at 4°C until analysed by HS-GC-FID. All samples were analysed 

within 12 hours of preparation. 

A stock standard gas of pure methane gas (AR, 99.99% purity; BOC gases, Australia) was used to 

prepare working standards that were blended with ultra-pure helium using a Sonix 7000 gas 

blending device to 1 ATM. Blended gasses were captured in Supel-Inert gas sampling bags (1 litre, 

screw cap valves with septum; Sigma Aldrich, New Castle, Australia). Gas sampling bags were purged 

with helium followed by the desired methane blend before filling.   

A seven point calibration curve was created establishing method linearity and reporting limits. 

Twenty one (21) headspace vials were prepared with 12 ml milliQ water (with the addition of 25% 

weight per volume NaCl and 100 µL HCl). Known quantities of methane were then injected using a 

gas tight syringe though the septum into the water of the vials containing milliQ water, attaining 

concentrations of methane in the range of 0.5 to 25 mg L-1.  

3.4.2 HEADSPACE GAS CHROMATOGRAPHY WITH A FLAME IONISATION 
DETECTOR (HS-GC-FID) 

Samples were analysed using a headspace auto sampler (Agilent Headspace Auto Sampler 7694E) 

coupled with a Agilent 6890N Gas Chromatogram equipped with a 30 m x 0.320 (mm) widebore GS-

GasPro column (Agilent Technologies, Mulgrave) with Flame Ionisation Detection (FID). The sample 

vial in the headspace heating zone was maintained at 55°C, with a headspace loop and transfer line 

of 105°C and 135°C respectively. Then the sample vial was agitated for 10 minutes prior to injection 

(500 µL). The carrier gas was high purity helium with a flow rate 5 mL min-1. The oven was 

programmed with an initial temperature of 40°C for 1 min, increasing at 15°C min-1 to 150°C, and 

then held for 1 min. The injector was set at 200°C. The FID detector was set at 240°C. The FID 

hydrogen flow rate was 40 mL min-1, the air flow rate was 450 mL min-1, and nitrogen makeup gas 

flow rate of 32 mL min-1. GC Chem Station (Agilent Technologies, Rev A.10.02) was used for signal 

acquisition and peak integration. 
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3.4.3 STATISTICAL ANALYSIS 

The analytical performance was assessed by determining the limit of detection (LOD), limit of 

quantification (LOQ) and the practical method detection limit (MDL). Optimisation experiments were 

created and evaluated using the statistical program MiniTab 16 (MiniTab Inc. PA, USA). 

3.4.4 EVALUATION OF GAS BUBBLE IN A SAMPLE BOTTLE 

A sample of ETP digester sludge was collected on 2nd April 2014 and transferred to the laboratory in 
a 2 litre sample bottle. In the lab the sludge was decanted into three 100 mL Schott bottles, ensuring 
the sample formed a convex meniscus and the samples were capped with the septum tops.  The 
bottle was inverted and the base checked for any trapped gas, at that stage, there was no visible 
bubble for any of the samples.  The samples were allowed to condition at room temperature to 
“create” a gas bubble. After 2 hours a distinct and visible bubble was observed on the top of the 
three sample bottles. The bubble was consistently ca. 2.5-3.0 cm in diameter, with a volume of ca. 
5.1 ml (see Appendix C). 

The bubble was removed using a gas tight syringe and transferred into a pre-filled headspace vial 
using the purge method (thus creating a headspace using the bubble). The pre-filled headspace vials 
comprised milliQ water that was salted and acidified, as per our method and procedural blanks were 
also carried out. This method was specifically adopted so that the methane in the bubbles could be 
analysed using the same set-up as the wastewater samples with an automated sample carrousel.    

The bubble samples, ETP sludge samples and blanks were then analysed as per the method 

previously described in section 3.4.2. 

Direct  injection of the gas into the GC-FID could have been adopted instead, but would have 
required a  different  equipment  set-up and additional calibration, and thus would have been more 
time consuming and costly.   

 

3.5 Results and Discussion  

 

3.5.1 LIMIT OF DETECTION 

As evident in the literature, the salting out method appears to provide more reliable results with a 

much simplified methodology and eliminates the use of Henry’s Law calculations. As the focus of the 

analysis is on wastewater samples that comprise relatively high concentrations of methane when 

compared to groundwater samples, the use of an inert gas to prepare the headspace in the sample 

was unnecessary. The amount of methane in the air within the headspace would be negligible in 

comparison to the methane dissolved in the wastewater sample. In addition, the contribution of 

atmospheric methane in the headspace can be accounted for easily by analysing an appropriate 

blank and/or control. For the work presented herein, the contribution of atmospheric methane was 

negligible. 

In order to evaluate the salting out method, methane standards over the concentration range 0.5 to 
25.0 mg L−1 were prepared in 22 mL headspace vials as previously described and analysed. The 
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analytical and statistical parameters obtained for the determination of methane by HS-GC-FID are 
summarised in Table 6.  Figures 5 and 6 illustrate the calibration curve that was generated and the 
analytical standard percentage residuals plot respectively.   

Table 6: Analytical figures of merit 

Statistical figures of merit 

Intercept -2007.6 

Slope 2399.3 

Linear dynamic range (mg L-1) 0.5 - 25.0 

Limit of Detection (LOD)a (mg L-1) 0.54 

Limit of Quantification (LOQ)b (mg L-1) 0.78 

Practical Method Detection Limit (MDLP)c (mg L-1) 0.90 

Standard deviation of the Slope 34.4 

standard deviation of the Intercept 494.8 

Standard deviation of the Regression 1323.4 

Correlation coefficient 0.9964 

Retention time (methane; minutes) 1.236 

 

NOTE: aLimit of Detection calculated using 3 x SD of the blank (n=7). bLimit of Quantification calculated using 10 x SD of the blank (n=7). 
cPractical Method Detection Limit calculated using 0.05 mg L-1 methane standard (n=5), the standard deviation was calculated and 
multiplied by the one-sided t distribution at the 95% confidence level (Harris, 2007). 

 

 

Figure 5:  Methane calibration curve analysed using HS-GC-FID (0.5 – 25 mg L
-1

). 
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In addition, the reproducibility of the method was found to be within 5% RSD. Table 7 presents the 

reproducibility of the method using the 10 mg L-1 standard.  As illustrated in Figure 6, the percentage 

residuals for the lower standards increases above 5% to ca. 30-50%. The magnitude of this error is 

considered acceptable based upon the fact that the gaseous standards and quality control samples 

were prepared manually and that human error is a contributing factor. However, it should be noted 

that the instrument and method precision and accuracy for higher concentration samples was 

determined to be 4.2% (Table 2) which is acceptable and within the 95% confidence level.   

 

 

Figure 6: Methane analytical standard percentage residuals plot.  

Note: Blue dots represent data points < 5% RSD; red dots represent data points > 5% RSD. Given standards were prepared using gas tight 
syringes, the reproducibility of samples is still considered acceptable. 

 

Table 7: Repeatability of Peak Area calculations using mid level (10 mg L
-1

) standard. 

Replicate Number 
10 mg L-1 Standard 

(Peak Area) 
[Methane] 

Calculated 
Error (σ) 

Calculated 
Error (%) 

1 21253.9 9.69 0.25 2.57% 

2 20540.2 9.40 0.25 2.62% 

3 21824.2 9.93 0.25 2.52% 

4 21182.2 9.67 0.25 2.57% 

5 21200.1 9.67 0.25 2.57% 

6 22389.2 10.17 0.25 2.48% 

7 23333.9 10.56 0.26 2.42% 

8 22460.6 10.20 0.25 2.48% 

Standard Deviation 907.0 0.38   

Average 21773.0 9.91   

%RSD 4.2 3.81   

 

3.5.2 SAMPLE VOLUME AND AGITATION TIME OPTIMISATION 

Multivariate optimisation was carried out on the sample volume (i.e., the sample-headspace ratio) 

and the sample agitation time prior to analysis. The effect of changing the vial heating zone was not 
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considered in this study, as previous studies have demonstrated that the sample heating 

temperature only affects polar VOCs (e.g. fatty acids), whereas non-polar VOCs (e.g. alkanes) have 

been found to be affected by the ratio of the sample volume to the headspace volume (Sun, In 

Press). As such, the purpose of this optimisation study was to investigate the interaction between 

the sample-headspace volume ratios in relation to agitation time; Minitab 16 (a statistical program) 

was employed to design   be used to determine this effect (see Appendix B for the MiniTab 

optimisation parameters).  

3.5.2.1 Sample Volume 

The US EPA method for measuring dissolved methane in water recommends a headspace volume of 

10% (2.2 mL) if using 22 mL vials. While this has been found to be sufficient for monitoring relative 

clean samples comprising low concentrations of dissolved methane, its application to wastewater is 

questionable. A number of authors have investigated the volume of sample required to analyse for 

VOCs in wastewater. Cruwys et al. (2002) investigated volatile fatty acids in wastewater and found 

that the optimal volume of wastewater sample to be 3.0 mL with the addition of salt and acid. 

Likewise, Jahangir et al (2012) investigated groundwater sample volumes ranging from 6mL to 16 

mL; with the optimal volume observed to 6 mL. Sun et al. (In Press) found that a 3 mL aliquot of 

wastewater in a 10 mL headspace vial was ideal, and Daelman et al (2013) found that 50 mL of 

wastewater in a 120 mL serum bottle was sufficient. In order to investigate the volume of sample 

required for this study, we decided to analyse methane using the following sample volumes: 6mL, 9 

mL, 12 mL, and 15 mL. An 18 ml sample aliquot was considered as part of the volume optimisation, 

however this sample volume reduced the headspace to less than 10% after the addition of NaCL and 

HCL additives, which is not suitable for use in the headspace autosampler. It should be noted that for 

the studies that utilised larger sample volumes (i.e., 50 ml), an observed increase in sample pressure 

within the vial was recorded. No such effect was noted for the volumes sampled in this study. 

3.5.2.2 Agitation Time 

The Kampbell and Vandegrift method recommends an agitation time step of ten minutes using a 

rotary shaker in order to reach equilibrium between the sample and the headspace. Jahangir et al 

(2012) investigated the effect of increasing and decreasing the agitation time on methane recovery 

in groundwater samples. The time step intervals used by Jahangir et al were 1, 5, 10 and 20 minutes, 

and it was found that the methane recovery was statistically optimal at 13 minutes using a 

multivariate optimisation. It should be noted that Jahangir et al observed a decrease in methane 

recovery below the 10 minute agitation time step, as well as decrease at the 20 minute agitation 

time step. As such, the optimal time step of 13 minutes, which was found statistically, may not be 

the actual optimal variable for agitation. In order to investigate the agitation time step further, we 

decided to analyse methane using the agitation time steps of 5, 10, 15, 20 minutes. By incorporating 

a time step between 10 and 20 minutes, it is hypothesised that the actual optimal time step will be 

confirmed. 

3.5.2.3 Discussion 

As illustrated in Figure 7 and Figure 8, as the volume of sample increased the mean concentration of 

methane also increased. However, as the agitation time increased, the mean concentration of 

methane decreased.  These trends were consistent for all iterations of sample volumes and agitation 
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time; that is, even for the smaller sample volume (6 mL samples) as the agitation time increased the 

concentration of methane decreased. Visual inspection of the sludge sample vials after agitation and 

at equilibrium indicated that a layer of particulate matter rested between the sample and the 

headspace (see Figure 9). The impact of this layer on the analysis is unknown. It should be noted, 

this was not observed for the wastewater samples.  

 

Figure 7: Main effects plot for sample volume and agitation time. 

 

Figure 8: Interaction plot for sample volume and agitation time. 
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Figure 9:  Anaerobic sludge sample pre treated with 25.0% NaCl and HCl prior to headspace analysis. 

In order to establish the ideal sample volume and agitation time, MiniTab was employed to graph 
these variables and visually determine the optimal conditions for analysis. As illustrated in Figure 10, 
the maximum concentration of methane recorded was when the sample volume was 15 mL and the 
agitation time was 10 minutes. It should be noted that investigating the sample volume beyond 15 
mL was not considered as part of this study. This is because as the sample volume increases above 
15 mL, the headspace remaining is insufficient after the addition of NaCl and HCl.  

In addition, as evident in Figure 10, the variation in the mean methane concentration changes 
significantly as a result of the agitation time and sample volume selected. This variation 
complements optimisation work presented by Jahangir et al (2012).   
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Figure 10: Contour surface plot of agitation time, sample volume and mean methane concentration. 

 

3.5.3 INVESTIGATION OF ADDITIONAL PRE-TREATMENT OPTIONS 

A preliminary investigation was undertaken in order to evaluate different pre-treatment options that 
would reduce the effect of suspended solids in the wastewater samples, as evident in Figure 9. Using 
the sludge collected from the Eastern Treatment Plant, two additional pre-treatment steps were 
investigated in conjunction with the sample preparation steps outlined previously. The additional 
treatments applied to reduce the suspended solids were centrifugation and sonication.  

For the samples that were centrifuged, a 50 ml centrifuge tube was filled and capped prior 
centrifugation at 13000 rpm for 30 minutes. The centrifuged samples were then decanted into 
headspace vials prior to pre-treatment and analysis. It was anticipated that some methane would be 
trapped in the suspended solids and, through centrifugation, the solids could be the pelleted and 
removed. The supernatant was then transferred using a syringe fitted with a 22 gauge needle 
inserted below the meniscus in order to eliminate losses during transfer.  

The sonicated samples were placed in an ice cold water bath and sonicated for 30 minutes (Sonic 
energy is provided by piezoelectric transducers bonded to an ultrasonic bath operated at 50 Hz, 240 
volts and 0.9 AMPS) prior to analysis.  

Figure 11 illustrates the visual differences of these additional sample preparation steps.  
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Figure 11: Anaerobic sludge sample that has been sonicated and centrifuged compared to a sludge that has 
no additional pre-treatment. 

As can be seen in Figure 11, sonication eliminated the formation of the particulate layer between 

the sample and the headspace after the addition of NaCl and HCl, while centrifugation was 

successful in removing the suspended solids in the sample. 

Analysis of the samples resulted in a significant variation in methane concentrations in the sludge 

samples. It is anticipated that the samples of sludge would comprise similar concentrations of 

methane, as they were collected at the same time and were prepared together.  As illustrated in 

Figure 12 and Figure 13, the sonication of the samples resulted in an increase in methane recovery 

from the samples that had no additional pre-treatment or were centrifuged while also improving the 

reproducibility of the analysis in comparison to the conventional approach.  

Centrifuging samples prior to analysis resulted in a decrease in observed methane concentration 

when compared to the sonicated samples, but were comparable to the raw samples prepared 

without sonication or centrifugation. This suggests that centrifugation as a pre-treatment step does 

not result in an increase in methane recovery, although it does provide an improvement in reliability 

(as illustrated in the error bars in Figure 12 and Figure 13). This would suggest that there is a 

significant proportion of methane trapped/bound to the suspended solids in the sample, particularly 

in the sludge.  Whilst, in the wastewater,  the marked reduction in the methane measured in the 

centrifuged wastewater is attributed to losses that occur  during the transfer of wastewater 

between vials (i.e. from a 100mL bottle to a centrifuge container and then to a GC-FID vial), thus also 

supporting that the bulk of the methane is dissolved in the liquid  (Figure 13).  

 It should also be noted that the control sludge sample that did not have the addition of salt or acid 

was observed to have an increased methane concentration due to the fact that the sample 
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comprised an active sludge that had not been treated to lyses bacterial cells nor inhibited 

metabolism. As a result, the sample was able to continue to produce methane and carbon dioxide. 

The same phenomena was not observed for the sonicated and centrifuged samples because high 

acoustic intensity of ultrasound baths kills microorganisms (especially gram-negative and anaerobic 

bacteria) and centrifugation draws microorganisms to the bottom of the sample tube where they 

condense to form a protein pellet. It can also be seen that the addition of salt and acid decreases the 

solubility of methane in the samples.  
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Figure 12: Impact of sonication and centrifugation on methane recovery in sludge samples.  

Note: * indicates active sludge that is still capable of producing methane and carbon dioxide. 

 

 

Figure 13: Impact of sonication and centrifugation on methane recovery in wastewater samples. 

Note: * indicates active wastewater that is still capable of producing methane and carbon dioxide. 
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Lastly, as can be seen in Figure 14, the sample pre-treatment applied has an impact on the VOCs 

within the sample and their release into the headspace. As can be observed in Figure 14, additional 

VOC compounds were released from the sludge sample into the headspace when NaCl and HCl are 

added. Also, additional VOCs were also released as a result of sonication and centrifugation. Similar 

VOCs were observed for the wastewater samples (Figure 14). The identity of these additional 

unknown VOCs could not be determined using FID detection.  

It should be noted, methane is labelled as peak 1 and highlighted red in Figures 13 and 14. More 

work is required to confirm the identities of unknown peaks (labelled 2-8) using solid phase micro 

extraction with gas chromatography mass spectrometry.   

 

 No Additives / Preservatives 20% NaCl plus 2 drops of HCl 

Raw Sludge 
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for 30 

minutes 

  

Centrifuged 
for 30 

minutes 

  

 

Figure 14:  Chromatogram of VOCs in wastewater sludge after various pre-treatments.   

Note: Peak (1) highlighted red indicates methane; peaks (2) to (8) are unidentified VOCs. 
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Figure 15:  Chromatogram of VOCs in wastewater with pre-treatment after sonication.    

Note: Peak (1 )highlighted red indicates methane; peaks (2) to (5) are unidentified VOCs. 

3.5.4 COMPARISON OF SAMPLING APPROACHES 

The two techniques adopted in the sampling trial are compared in Table 8.   The sampler fulfils the 
majority of the required criteria for sampling at lagoon 25W. 

Method 2 was selected for comparison as the literature reported better accuracy with pump use 
(see section 2.1).   Real-time time methane analysers had also been considered as part of this study.  

Real-time devices currently in the market are adopted mainly for surface water analysis and/or 
specialised industrial monitoring, such as landfill monitoring or industrial processes. These devices 
rely on gas transfer through membranes and adopt mostly infrared technology for detection of 
dissolved methane.  These devices need to be either immersed in the pond or to have wastewater 
pumped from the pond into a flow cells to record the dissolved methane.  Portable dissolved 
methane sensors cost around A$10,000 to 15,000.  However, given the size of the pond and the 
restrictions in access to the site, such methods were not evaluated at this stage. 

Using method 1, no gas bubbles were observed in the wastewater from the pumping station 
collected in the 100mL sample bottles.    

Using method 2, the pump required a longer time interval for sample collection and gas bubbles 
formed in the pump sampling line, which were attributed to release of methane as the wastewater 
travelled to the surface.  

Overall the sampling time required for method 1 was significantly shorter than for method 2, which 
minimised the time available for gas release.  
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Table 8: Equipment comparison 

# Criteria Sampler Pump 

1 HSE requirements   

 Weight (kg) As used 2m length; 6-
9kg 

6.9kg (dims 267 x 203 x 
203) 

 Intrinsically safe Yes Maybe. Requires a power 
supply. 

2 Ease of handling Yes No 

 Depth control Yes Yes 

 Time required for sampling 
(min/sample) 

5  10 (including priming) 

 Cleaning requirements Sampler rinsing and 
disinfection 

Tube removal and rinsing 
with disinfectant solution.   

3 Suitability for wastewater   

 Robustness Yes Yes 

4 Minimises losses Yes Yes 

 Reproducibility Good Good 

 Accuracy Good Good 

 

The major advantages of the bailer are: 

 Ability to select the depth of sampling, as dissolved methane concentrations will vary with 

depth and location within the pond due to the non-homogeneous conditions of the lagoon.  

The bailer has been designed to be modular thus allowing extension of the device for depths 

up to 4m;    

 Samples are collected and sealed at the selected depth, avoiding losses that may occur 

during sampling when transferring samples to the surface. Once on the surface the samples 

are transported to the laboratory without the need for any other pre-treatments or 

preservatives; 

 No electrical parts are involved thus avoiding the risk of sparks; 

 The bailer design aims to minimize the weight of the device (6-9 kg) given the difficulties of 

walking over the membrane cover. 
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3.5.4.1 Ease of handling 

The bailer uses standard size 100mL Schott bottles and requires the use of modified hollow caps 
with silicone-PTFE coated membranes. The bottles and caps can be washed and reused. The 
membranes will require replacement after each use.  

The bailer needs to be washed and disinfected after use given its moveable parts, which can be 
conducted on the field. But is should also be stored appropriately when not in use.          

3.5.4.2 Reproducibility and accuracy of method 

Figure 16 provides a summary of the dissolved methane concentrations derived using the two 
sampling devices and the various treatments. 

A two sample (equal variance) T-test was used to compare the two sampling devices tested, the 
bailer sampler and the peristaltic pump device. Note, the samples used for the comparison were 
pre-treated with NaCl and HCL as they were observed to give higher methane recoveries compared 
to un-treated samples (1.1 and 2.2) and samples that were acidified only (1.2, 1.3, 2.2, 2.3). As a 
result of the two sample T-test, there was an observed significant difference in the average methane 
concentrations recovered for the bailer sampling device (M=13.82, SD= 1.07) compared to the 
peristaltic pump sampling device (M= 11.79, SD= 1.09); t(4) = 2.98, p = 0.02. As demonstrated by the 
mean concentrations (M) and the standard deviation (SD), the bailer sampling device performed 
better in terms of methane recovery and reproducibility when compared to the peristaltic pump 
device.  

A one-way ANOVA was used to test for preference differences among three samples and their pre-
treatments. Preferences for the bailer sampling with the addition of NaCl differed significantly across 
the three samples (the 100 ml sample, the onsite pre-treated sample, and the laboratory pre-treated 
sample), F (2, 6) = 6.54, p = 0.03. T-test comparisons of the three groups indicate that the 10 mL 
sample pre-treated onsite (1.5a) (M = 15.02, 95% CI [14.41, 15.66]) gave significantly higher 
preference ratings than the other samples collected with the bailer. In comparison, the 100 mL 
sample collected onsite and the pre-treatment performed in the laboratory (1.4) (M = 13.0, 95% CI 
[12.50, 13.51], p = 0.02), and the 20 mL sample collected and pre-treated onsite with a headspace 
created in the laboratory (1.5b) (M = 13.43, 95% CI [12.98, 13.86], p < 0.05) were less preferable. 

In summary, the 10mL samples collected and pre-treated on-site using the bailer sampling device 
were found to be statistically optimal compared to samples pre-treated in the laboratory or 
collected using the peristaltic sampling device.  
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Figure 16: Effect of Sampling Device (with various pre-treatments) on Methane Recovery.  

Note: The samples collected were: (a) Bailer collection into 100mL bottle followed by pipette transfer in-situ into sample vial with no additives (1.1), with HCl (1.2), with HCl and salt (1.5a and 
b);  dual syringe transfer in laboratory into  vial with HCl and salt (1.4); (b) Pump collection into:  vial with no additives (2.2), with HCl (2.3), with HCl and salt (2.4a and b), and a 100mL 
inverted bottle followed by dual syringe transfer in the laboratory into vial with HCl (2.1a) and HCl and salt (2.1b).   
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3.6 Sampling on the cover  

The suitability of the sampler for the membrane cover on the anaerobic pot of Lagoon 25W was verified by 
sampling at point M on the cover.  The sampler weight and handling were considered satisfactory for its 
purpose by the Thiess personnel.  The 100mL bottles were completely filled with wastewater and showed 
no entrapped gas bubbles upon collection. 

By the time the staff returned from the walk on the membrane to the edge of the pond,  a small gas bubble 
was observed in the bottles indicating the release of gases from wastewater  within the time elapsed.    

Transfer of  the wastewater from the 100mL bottle into analytical vial in-situ using pipettes (as per method 
3.2 in Table 3) requires opening of the bottle, which results in loss of some gas.   Whilst, transfer with a 
single syringe (as per method 3.3 in Table 3) was cumbersome, and resulted in additional release of gases 
from the liquid.   

Therefore for wastewater from the anaerobic pond, transfer from the 100ml bottle into 20ml analytical 
vials in the laboratory is recommended as the controlled laboratory environment minimises handling losses 
and variable environmental conditions compared to transfer  in the field. 

3.7 Evaluation of gas bubble 

Wastewater samples collected in some cases release gas generating a gas bubble that is trapped in the 
sample bottle. A methodology for evaluation of the gas bubble contribution to the total methane content 
of the sample was examined using ETP sludge.  In order to generate a methane gas bubble in filled 100 ml 
Schott bottles, samples were left at room temperature for 5 hours. At which point, a ca. 5 mL bubble was 
formed under the bottle septum.  The results are shown in Figure 17. It was found that the gas bubble 
comprised a small fraction of methane, which when accounted for the headspace volume ranged between 
3-6% of the total dissolved methane concentration.  It was also verified that the bubble that formed on the 
sample collected from the WTP wastewater was significantly smaller than the bubbles from the ETP sludge. 
Thus the methane content in any gas released within a sample vial could also be determined. Additional 
information on the gas bubble analysis is provided in Appendix C. 

 

 

Figure 17: Distribution of methane in ETP sludge.        
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4 Conclusions  

A methodology for methane sampling and analysis was developed following the examination of the current 
practices adopted by Melbourne Water and its contractors,  a review of methods available in the scientific  
literature and consideration of the characteristics and constraints of lagoon 25W, including occupational 
health and safety issues, at the Western Treatment Plant.  

The methodology consists of: 

 The use of a custom designed bailer for collection of wastewater samples:  the bailer developed by 

CSIRO addresses the operating and safety requirements for handling wastewater and operation on 

anaerobic Lagoon 25W and provides good sample accuracy and reproducibility compared to 

pumping techniques. Samples are collected in 100mL bottles.  

 Analytical determination using HS GC-FID with a GS-Gaspro column, samples were preserved with 

100L HCl (1:1) and 25% NaCl and sonicated for 30min at 50 Hz (Sonic energy is provided by 

piezoelectric transducers bonded to the bottom of the ultrasonic bath operated at 216 Watts). In 

addition, a 1-10 µL aliquot of either pentane or propanone was found to be suitable as an internal 

standard. 

The sampling methodology was successfully tested in the laboratory, at a pumping station and on the 
membrane cover in Lagoon25W at the Western Treatment plant.  

The analytical method was developed using standard wastewater from the Western Treatment Plant and 
high strength digested sludge from the Eastern Treatment plant, thus proving the adequacy of the method 
for analysis of dissolved methane in wastewater and for sludge applications. In addition, the analytical 
method allows the evaluation of the total methane, even if a gas bubble is present in the sample bottle as 
could be the case for highly saturated wastewater.   

The laboratory and field validation indicate that the methods developed give higher accuracy and 
reproducibility for the evaluation of dissolved methane in wastewater compared to many of the techniques 
available in the literature and to those previously adopted at the WTP.  In addition, the methodology also 
simplifies the sample handling process and eliminates a number of the potential sources of variability 
associated with sample handling.    

The work presented herein demonstrates the successful use of the sampler and the application HS-GC-FID 

for the determination of dissolved methane in wastewater samples, which will markedly improve the 

determination of dissolved methane analysis compared to the current method adopted by Melbourne 

Water.  
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Appendix A  

 

 

Figure 18: Schematic of sampler 
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Appendix B 

Factors:       2     Replicates:     3 

Base runs:    12     Total runs:    36 

Base blocks:   1     Total blocks:   1 

 

Number of levels: 4, 3 

 

 

Design Table (randomized) 

 

Where: A = Sample Volume (1 = 6; 2 = 9; 3 = 12; 4 = 15). 

 B = Agitation Time (1 = 10; 2 = 15; 3 =20). 

 

Run  Blk  A  B 

  1    1  3  2 

  2    1  4  1 

  3    1  1  1 

  4    1  2  2 

  5    1  4  1 

  6    1  1  1 

  7    1  4  2 

  8    1  1  3 

  9    1  4  2 

 10    1  1  1 

 11    1  2  1 

 12    1  2  3 

 13    1  4  3 

 14    1  1  2 

 15    1  1  3 

 16    1  2  1 

 17    1  4  3 

 18    1  3  1 

 19    1  2  3 

 20    1  3  1 

 21    1  2  2 

 22    1  3  2 

 23    1  4  3 

 24    1  3  3 

 25    1  2  1 

 26    1  2  3 

 27    1  3  3 
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 28    1  3  3 

 29    1  2  2 

 30    1  4  2 

 31    1  1  2 

 32    1  1  3 

 33    1  4  1 

 34    1  3  1 

 35    1  3  2 

 36    1  1  2 
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Appendix C 

ETP Sludge Sample Bubble volume (ml) Concentration of methane in Headspace 
vial (mg/L) 

1 4.8 0.72 

2 4.8 0.64 

3 5.9 1.23 
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