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Executive summary 

Sampling and analysis of wastewater from the anaerobic treatment process at Melbourne Water’s Western 

Treatment Plant was undertaken to validate the performance of a dedicated dissolved methane sampling 

apparatus and analytical method. 

Wastewater samples from the anaerobic pot in pond 1 of lagoon 25W at the Western Treatment Plant, 

Melbourne, Australia, were collected for analysis of dissolved methane concentration. The samples were 

collected at depths  of 1 to 1.5 m below the surface from five locations around the pot with a custom- 

designed sampling device and analysed using  the head space gas chromatography with flame ionization 

detector (HS GC-FID) using the method described in Beale et al (in press).  The characteristics of the 

sampling equipment and analytical methodology have also been previously described in Tjandraatmadja et 

al (2014).  In addition, the samples were analysed for chemical oxygen demand (COD), total solids (TS), total 

dissolved solids (TDS), suspended solids (SS), volatile suspended solids (VSS), total phosphorus (TP) and 

total Kjeldahl nitrogen (TKN) by the ALS Group. 

The wastewater samples were collected from five locations, with:  

(a) Portholes J,  K and M from the membrane covered anaerobic pot; 

(b) The west pond after exit from the pot at the south bank near the pump station inlet ; and  

(c) The inlet well of the pumping station that receives wastewater after the pond.   

Two samples were collected from each location.   

The concentrations of dissolved methane in the wastewater samples varied from less than 1 mg.L-1 to 13.17 

mg.L-1.  The results indicate variability in methane concentrations across locations in the pot, with higher 

concentrations measured towards the west of the pot as wastewater exits.  

Good reproducibility was observed for samples collected from the same location at porthole J, the west 

pond exit and the pump station. However, differences in concentration were statistically significant 

between samples from the other two locations. The two samples from location J, which had a high sludge 

content, had very distinct concentrations, respectively less than 1 mg.L-1 and 9.42 mg.L-1. The 

concentrations measured in three out of ten samples were less than 1 mg.L-1.  The causes for the variability 

have not been determined. 

Samples collected from porthole K had markedly higher COD, solids and nutrient concentrations than the 

other samples (+ 1 or 2 log higher depending on the parameter), which is due to the sludge content.  The 

mean concentrations recorded for the other locations were 2637+1083 mg.L-1 COD, 87+9 mg L-1 N, 16+2 

mg.L-1 P, 873+710 mg.L-1 SS,  477+299 mg.L-1 VSS, 757+65 mg.L-1 TDS and 1867+ 639 mg.L-1 TS, indicating 

high variability in the wastewater characteristics in the pot.  Overall, measured values of dissolved methane 

were lower than expected. 

Recommendations for future sampling are the collection of three to five samples from each location for the 

determination of an average dissolved methane concentration, this will increase the sample 

representativeness and provide a more comprehensive understanding of actual methane levels.   In 

addition,  verification of  temperature and  wastewater velocity at each sampling location could  also assist 

in understanding the variability and transfer patterns within the pond in future studies. 
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1 Introduction 

Wastewater samples from the anaerobic pot in pond 1 of lagoon 25W at the Western Treatment Plant, 

Melbourne, Australia, were collected and analysed for dissolved methane concentrations.   The primary 

objective of this work was to validate the performance of a dedicated dissolved methane sampling 

apparatus and analytical method designed by CSIRO.  This report describes the sampling process and 

provides the results of the analysis.  
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2 Methodology 

2.1 Sampling Locations 

Wastewater in the pot flows from the east t

locations shown in Figure 1, which included three locations on 

two locations after the membrane: 

inlet and at the inlet well of the pumping station

identification numbers at each location. 

Figure 1. Sampling location on the membrane cover of the Lagoon 25W 

2.2 Sampling   

Sampling was conducted on the 22nd

in Figure 2 (Tjandraatmadja et al 2014).  The sampler was h

and one from CSIRO).  During sampling the sampler was lowered 

1.5m below the wastewater surface, with 

At each location two replicates were collected in 100mL Schott bottle

caps (Duran #29 227 10 07) and PTFE/silicone septa

recapped and the sample was returned to the su

Following the collection, the sample bottles 

transport to the laboratory to minimise the risk of further methane generation from sampled biomass

Upon arrival in the laboratory, sampl

 

from the east to the west. Wastewater samples were collected at the 

, which included three locations on the membrane (po

fter the membrane:  at the south bank of the west outlet of the pot

pumping station after the pond.  Figure 1 also shows the respective sample 

numbers at each location.  

Sampling location on the membrane cover of the Lagoon 25W at the WTP on 22 May

nd May 2014 between 13:50h and 15:30h using the 

(Tjandraatmadja et al 2014).  The sampler was handled by two staff members (one from Thiess 

During sampling the sampler was lowered into the wastewater 

1.5m below the wastewater surface, with the depth adjusted at each location to avoid accumulated sludge.  

each location two replicates were collected in 100mL Schott bottles capped with modified plastic screw 

PTFE/silicone septa (Duran #29 248 28 06).   After filling, 

returned to the surface.    

he sample bottles were inverted to avoid the loss of gases 

to minimise the risk of further methane generation from sampled biomass

amples were stored at <4°C until analysis. A 100 mL 

Wastewater samples were collected at the five 

(portholes J, K and M) and 

t, near the pump station 

Figure 1 also shows the respective sample 

 

22 May 2014. 

using the CSIRO sampler shown 

andled by two staff members (one from Thiess 

into the wastewater to depths of 1 to 

depth adjusted at each location to avoid accumulated sludge.  

capped with modified plastic screw 

After filling, each bottle was 

to avoid the loss of gases and stored in ice for 

to minimise the risk of further methane generation from sampled biomass. 

A 100 mL deionised water blank 
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was also transported to the lab for quality control. GC-FID analysis was conducted on the 26th and 27th May 

2014 for two groups of samples, 1 to 6 and 7 to 10, respectively.  

 

 

Figure 2. CSIRO Sampling device with the sample bottle (Tjandraatmadja et al 2014). 

2.3 Analytical method 

Wastewater samples were analysed in triplicate.  Gas bubbles in any of the 100mL bottles were extracted 

using a gas tight syringe and transferred into a pre-filled 22 mL headspace vial using the purge method. For 

each replicate, 15 mL of wastewater were transferred into a 22mL head space  vial (23 x 73 mm; Agilent 

Technologies, Mulgrave) with 100µL HCl (1:1) and 25%w/v NaCl for sample preservation. The vial was 

sonicated for 30min at 50 Hz and 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),  using 

the method previously described in Tjandraatmadja et al (2014).    

The headspace heating zone was maintained at 55°C, with a headspace loop and transfer line of 105°C and 

135°C respectively. The sample 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. 

Samples 1 to 6 were analysed on the 26th May and samples 7 to 10 were analysed on the 27th May. 

Following the extraction of samples for methane analysis, the samples were analysed by  the ALS Group on 

the 21 July 2014 for: (a)  Chemical oxygen demand (COD) (method VIC-CM052), (b) Total solids at 105°C (TS) 

(method APHA 2540B), (c) Total dissolved solids at 180°C (TDS) (method EA015B), (d) Suspended solids at 

104°C (SS) (method EA025WRG), (e) Volatile suspended solids (VSS) (method EA025B),  (f) Total phosphorus 

(TP) and (g) Total Kjeldahl nitrogen (TKN) (Method VIC-CM009). 
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3 Results and discussion

The 100mL wastewater samples are shown in 

2 for the selected chemical properties and methane concentrations

selected parameter concentrations previously recorded for wastewater influent into Lagoon 25W and for 

sludge from the ETP (Tjandraatmadja et al 201

The majority of the samples had a cloudy appearance

significant amount of sludge under the

the samples collected (7 and 8) contained 

samples had significantly high concentrations of solids (

in Table 1. 

COD includes both organic and inorganic chemically oxidisable matter. 

1-6 and 9-10 had a mean of 2637 + 1083

higher.  As a comparison the COD in 

influent wastewater into the lagoon. 

tested, 5450 and 26,000 mg L-1, respectively. 

COD, but had much higher TS.  

Similarly, TKN and TP for samples 7 and 8 were also

other samples (87+9 mg L-1 N and 16

 

Figure 3. Samples collected from WTP locations: Pumping station (1, 2), Pond outlet (3,4), porthole M (5,6), porthole  

K (7, 8) and porthole J (9,10). 

 

discussion 

samples are shown in Figure 3 and the analytical results are shown 

2 for the selected chemical properties and methane concentrations, respectively.  Table 1 also displays 

selected parameter concentrations previously recorded for wastewater influent into Lagoon 25W and for 

sludge from the ETP (Tjandraatmadja et al 2014). 

ajority of the samples had a cloudy appearance; however when sampling at position K

sludge under the membrane and, despite attempts at different 

contained sludge that could not be avoided.  Due to the sludge, those 

centrations of solids (TS, VSS, TDS,TS and SS), COD, TKN and TP

COD includes both organic and inorganic chemically oxidisable matter. The COD concentrations in samples 

1083 mg L-1, whilst concentrations in samples 7 and 8 were 

As a comparison the COD in the pond was higher than historic COD values (110 

wastewater into the lagoon. ETP sludge COD also had high variability at the two occasions it was 

, respectively.  Samples 7 and 8 were of the same order of magnitude for 

TKN and TP for samples 7 and 8 were also significantly larger than the respective means for the 

and 16+2 mg L-1 P) and the typical concentrations in domestic wastew

. Samples collected from WTP locations: Pumping station (1, 2), Pond outlet (3,4), porthole M (5,6), porthole  

and the analytical results are shown in Tables 1 and 

Table 1 also displays 

selected parameter concentrations previously recorded for wastewater influent into Lagoon 25W and for 

at position K, there was a 

different wastewater depths, 

could not be avoided.  Due to the sludge, those 

, COD, TKN and TP,  as shown 

concentrations in samples 

whilst concentrations in samples 7 and 8 were at least 1log 

the pond was higher than historic COD values (110 -2400 mg. L-1) for 

ETP sludge COD also had high variability at the two occasions it was 

rder of magnitude for 

significantly larger than the respective means for the 

) and the typical concentrations in domestic wastewater. 

 

. Samples collected from WTP locations: Pumping station (1, 2), Pond outlet (3,4), porthole M (5,6), porthole  
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Table 1. Selected characteristics of wastewater from the pot.  

Sample Sampling 

location 

COD 

 (mg.L-1
) 

TKN  

(mg N.L-1) 

TP  

(mg P.L-1) 

SS   

(mg.L-1
) 

VSS  

(mg.L-1
) 

TDS  

(mg.L-1
) 

TS  

(mg.L-1
) 

1 Pumping 

station 

1,800 83 17 310 250 780 1,400 

2 2,200 82 15 280 200 700 1,400 

3 Pond outlet 3,200 88 15 2000 900 720 2,200 

4 4,600 99 20 1900 940 700 3,200 

5 M 2,700 78 14 440 340 880 1,700 

6 2,700 75 13 310 230 760 1,300 

7 K 70,000 2000 620 45,000 26,000 1,200 55,000 

8 24,000 990 330 50,000  1,200 1,800 52,000 

9 J 3,000 100 18 870 640 840 2,200 

10 900 92 14 660 460 760 1,600 

Mean (1-6, 9-10)+SD 2637+1083 87+9 16+2 873+710 477+299 757+65 1,866+639 

Influent to pond * 240-1100*
 

79+16
$ 

13+3
$
 54-

1,200* 

84-

1,200* 

590-

1,200* 

36-2,600* 

ETP anaerobic digester sludge
#
 26,000

#1 

5450
#2 

n.d n.d n.d n.d 3,500
#2 

210
#1 

Note: *Historical range of wastewater characteristics for Lagoon 25W: Influent data from August 2011 to 

August 2013 to WTSM2 (Melbourne Water 2013); # Analysis of ETP sludge collected on 18 Feb. 2014(#1) and   

on 27 Nov.2013 (#2); $ Melbourne’s domestic wastewater (Tjandraatmadja et al 2009), not determined (n.d).   

Table 2. Dissolved methane concentrations in wastewater from the pot. 

Sample Sampling 

location 

Replicate (R) Expelled 

methane 

gas (eq. 

mg.L-1
) 

Average 

methane 

concentration 

(mg.L-1
)* 

SD %RSD  Difference 

between 

samples?
# 

Yes/No 

1 2 3 

1 Pumping 

station 

9.12 9.30 10.15 - 9.53 0.55 5.8 No 

2 9.94 9.79 10.17 - 9.96 0.19 1.9 

3 Pond 

outlet 

12.91 12.66 12.61 - 12.73 0.16 1.2 No 

4 12.79 12.57 13.17 - 12.85 0.30 2.4 

5 M 12.58 13.96 12.28 0.24 13.17 0.90 6.8 Yes 

6 9.55 9.90 7.93 0.41 9.54 1.05 11.0 

7 K 9.61 9.05 9.20 0.14 9.42 0.29 3.1 Yes 

8 0.76 0.75 0.75 0.02 <1.0 <0.01 1.3 

9 J 0.71 0.71 0.71 0.05 <1.0 <0.01 0.1 No 

10 0.71 0.71 0.71 - <1.0 <0.01 <0.1 

*Note: Average  Concentration = (R1+R2+R3)/3 + Gas; 
#
 Based on two-tailed T-test (p<0.05). The bubble in each sample 

bottle is a mixture of gases, but only the methane fraction was quantified.   

The dissolved methane concentrations ranged from less than 1 mg. L-1 to 13.17 mg. L-1, with the highest 

concentrations measured towards the west outlet of the pond.  The concentration of methane in samples 
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8, 9, and 10 was less than 1mg. L-1, which was surprising as it would have been expected for methane to be 

present across the anaerobic pot.  

Wastewater samples collected at the pumping station, pond outlet, porthole J displayed good 

reproducibility between samples (based on SD and t-test (p<0.05)).   

Differences between samples for the other locations were statistically significant (p<0.05) (Table 1). In 

particular, samples 7 and 8, whilst obtained from the same location K, had very distinct concentrations, 

9.42 mg.L-1 and less than 1.0mg. L-1 dissolved methane, respectively.  Samples 7 and 8 had a much higher 

solids fraction and COD than the other samples as evidenced by the analysis of the samples, thus it was 

expected that the methane concentrations would have been within a similar range.   

The methane concentrations at the pumping station (1,2) were also slightly lower than those previously 

collected in Summer (14 Feb 2014), which had a mean of 13 mg. L-1 and range of  [12.50 to 13.51] 

(Tjandraatmadja et al 2014). The lower methane concentration would be attributed to the lower ambient 

temperature in May compared to February, which is likely to impact the metabolic activity of the microbes 

in wastewater.   

The causes for the low methane concentrations for samples 8 to 10 are unknown.  Sample collection was 

conducted using the same procedure at each location, the sampler was lowered to an approximate pre-

determined depth, which was gauged from marks on the sampler body and was handled by the same 

operator each time.  Each bottle cap closure was also examined for tightness as samples surfaced.  At 

location K (samples 7 and 8) the sludge layer under the cover was very thick and also close to the surface, 

the sampler was lowered a few times in an attempt to examine the depth of the sludge layer, which may 

have disturbed the sludge.  

At the other locations, the sampling was not impeded by sludge.  

Methane losses during sample transfer and analysis also appear unlikely.  All samples were transported, 

transferred to the laboratory in ice and stored at <4°C in a single batch in the same fridge with the bottles 

in inverted position to minimise gas losses and differences in sample conditioning.  Whilst it is possible that 

continued methane generation may occur due to samples initially containing high solids and active 

methanogen cultures, rapid cooling and storage in ice is best practice and seeks to minimise any further 

microbiological metabolism. 

GC-FID analysis was performed in two batches on the 26th and 27th May for samples (1-6) and (7-10), 

respectively, using the same methodology and by the same scientist to minimise handling variability.  If the 

samples (7-10) initially had similar methane concentrations and losses occurred due to storage, we would 

have expected all bottles to display similar magnitude readings on day 2; yet this was not verified as sample 

7 displayed a much higher reading compared to the rest of the  batch.      

Sampling at each location was conducted according to the bottle number, e.g.  sample 7 was collected first 

followed by sample 8. Whilst it is possible that some disturbance occurred in the sludge releasing gases,  

provided the wastewater was not still,  new wastewater  flowing through the location would have been 

introduced. However, the flow patterns under the membrane have not been characterised.     

The wastewater conditions and the flow patterns within the cover at the time of collection were not fully 

characterised.  Whilst, the chemical analysis of the samples provides an indication of the variability in 
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wastewater characteristics across the pond in regards to solids and COD, it does not provide sufficient 

information to explain the variation in CH4.   

Hence, the causes for the low dissolved methane concentrations (<1mg. L-1 ) in samples 8, 9 and 10 have 

not been determined.   

To improve the reliability of the results, the number of samples collected could be increased, e.g. to 3 or up 

to 5 for sampling at a given location, and the average of the readings  adopted as the dissolved methane 

concentration, yielding a more representative value.  
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4 Conclusions and recommendations  

 

Overall, the results indicate  variability in dissolved methane concentrations based on temporal and 

location factors within the anaerobic pond. Seasonal factors would also have impacted  the dissolved 

methane concentrations at the pump  station.   

Concentrations of dissolved methane in wastewater varied from less than 1 mg.L-1 to 13.17 mg.L-1.  The 

methane concentrations in three out of ten samples were less than 1 mg.L-1. However, the reasons for such 

low concentrations are not known.  

In future sampling events, we recommend increasing the number of samples to three to five samples per 

locations and thus determine an average value for  dissolved methane which is more representative of the 

location.    

In  future studies analysis of  temperature and  wastewater velocities at each sampling location may assist 

in understanding the factors that impact the variability in dissolved methane within the pot. However, 

conditions within the pot are heterogeneous and have also been reported to change throughout the year 

depending  on influent wastewater flows and environmental factors.    
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