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Objectives
1. Establish microbial community baselines in aquifer waters and soil samples of 

sites proximal to prospective unconventional gas activities in the Northern 

Territory.

2. Understand the microbial degradation of a range of chemicals likely to be 

used in unconventional gas activities, in both the five major soil types of the 

region and in relevant aquifer environments.



Objectives

• Spills and leaks are rare. Multiple hurdles 
exist to prevent their occurrence.

• Microbial biodegradation offers an addition 
defence against environmental harm

• Understanding organisms that respond to 
chemicals provides additional indicators of 
leaks/spills.

• This study aimed to study soils and aquifers 
of NT Australia, to understand chemical

– Biodegradation
– Biodegrading organisms
– Effects on microbial communities.



Methods



Aquifer sampling



Soil sampling



Methods



Microcosm
Experiments



Results:
Baseline data



Mean Std Min Max
pH 7.5 0.18 7.21 8.03
EC 1291.0 344.19 650 2140

Total Alk. 368.4 43.08 263 453
SO4 137.7 88.49 1 347
Cl- 137.9 82.58 7 378
Ca 120.8 22.79 44 161
Mg 51.6 13.94 8 72
Na 99.7 64.70 9 302
K 14.6 8.57 1 35

Ba 0.1 0.15 0.018 0.833
Li 0.1 0.04 0.01 0.24
Sr 0.6 0.32 0.074 1.47
Zn 0.0 0.08 0.005 0.382
B 0.2 0.14 0.05 0.79
F- 0.6 0.31 0.2 1.7

NO2/NO3 0.5 0.84 0.01 2.77
Total N 0.6 0.87 0.1 3

DOC 1.9 1.47 1 7

Water chemistry measurements 
obtained from 38 wells

In broad terms, samples were neutral 
to moderately alkaline. They varied in 
their EC (ranging from 650 to just over 
2000 mgL-1)
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Soil chemistry measurements 
obtained from the bulk samples of 
chromosol, kandosol, rudosol, 
tenosol & vertosol.

In broad terms, soils varied from acidic 
(pH 5) to neutral (pH 7), the main 
drivers of variation are in metal (Al, Fe) 
content (tensol much lower than other 
soils).  

Mean Std Min Max
pH 6.52 0.60 5.10 7.00
EC 37.80 15.42 18.00 72.00
Moisture 1.29 0.42 1.00 2.40
Si 827.47 215.55 505.00 1110.00
Cl 160.00 50.71 100.00 200.00
Ca 12.00 4.14 10.00 20.00
Na 12.00 4.14 10.00 20.00
K 25.33 10.60 10.00 40.00
Al 5322.00 2320.49 2490.00 10300.00
Ba 64.67 51.81 20.00 150.00
Cr 51.60 22.80 8.00 82.00
Co 6.20 5.21 2.00 16.00
Cu 7.60 3.56 5.00 14.00
Fe 30686.00 16280.77 5940.00 57000.00
Pb 8.93 4.89 5.00 18.00
Mn 265.00 200.44 20.00 553.00
Ni 3.13 1.55 2.00 6.00
Sr 9.67 9.75 2.00 25.00
Va 79.53 39.25 16.00 134.00
U 0.69 0.48 0.10 1.40
F 68.00 52.40 40.00 180.00
NO2/NO3 8.33 7.09 1.80 21.10
Total N 364.00 224.17 120.00 720.00
Total P 182.67 107.56 96.00 409.00





Most comprehensive survey of aquifer microbiomes for the NT to date.
1467 OTUs detected across the 38 aquifer 
samples
• 31 different phyla detected
• 334 OTUs from unknown phyla

DNA yields poor. Low cell number in aquifers.

Diversity
319 ± 15.9 OTUs per aquifer sample
Max: 503 OTUs (RN029027)
Min: 157 OTUs (RN031243)



Summary stats of the soil microbiomes
1251 OTUs detected across the soil samples
• 22 different phyla detected
• 191 OTUs from unknown phyla

Diversity
477 ± 20.9 OTUs per soil sample
Max: 713 OTUs (Vertosol-SV06)
Min: 79 OTUs (Vertosol-SV02)



Effect of chemicals of potential concern (COPC) 



Butoxyethanol Ethylene glycol Propylene glycol Isopropanol

Methanol

Aquifers have slower rates of 
degradation than soils for tested 
chemicals.

1 month3 months

Original dose
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Conclusions & Recommendations



Baselines
Aquifers
• Aquifer communities dominated by autotrophs
• Most extensive aquifer study to date in the Northern Territory 

(38 wells)
• Mean richness >300 OTUs per well.

Soils
• UV tolerant organisms detected
• Soil type did not predict microbial diversity
• Generally more diverse >475 OTUs per sample.
• Fungal diversity high and unusual (data not shown)



Chemicals of potential concern
• Microbial degradation offers an addition defence against some chemical 

contamination (in the unlikely event of a spill/leak)
• Biocides impact on soils & aquifers and effects are similar – maybe bacteriostatic. 

Various alcohols impacted soils and aquifers.

Aquifers
• Some chemicals degraded within 3 months, others did not.
• Aquifer microbiomes response was not consistent between replicates - cell 

numbers are low ~104/mL.
• Identified indicator taxa and potential catabolists.

Soils
• Those COPC tested readily degraded in soil in 1 month
• Some increasing taxa are associated with degradation of these chemicals.
• Identified numerous potential indicator taxa that could be used for 

biomonitoring.
• Soil wetting impacts microbial diversity markedly. 



Conceptual model
Numerous OTUs were identified that 
have close relatives that can degrade 
chemicals examined.

Conceptual was developed noting 
these taxa.

Microbial degradation of biocides is 
unclear from this study. 

Biocides prevent the normal shift in 
soils of the Beetaloo Basin region that 
occurs during wetting events (e.g. rain 
or flooding). 



Recommendations
Baseline data represents an important first step, however, future surveys to determine 
the biodiversity and stability of these communities are advised.

Indicator taxa were identified and may be useful for biomonitoring of these aquifers. 
However, further baseline profiling is suggested to determine any seasonal, temporal 
changes.

Chemicals examined here were used at industrially relevant concentrations. It is 
noteworthy that chemicals were tested individually and not in combination. 
Combinations may change the rates of biodegradation and impacts on microbial 
communities.
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