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In situ sediment capping remediation systems mitigate the migration of

contaminants through sediments. Two generalized approaches are

common: (1) passive capping, which is the deployment of a barrier material

to either diffuse pore water to acceptable levels or to sequester the

contaminants by blocking pore water movement; and (2) active/reactive

capping, which employs one or more additives or amendments to a

relatively permeable layer in an effort to bind up and/or destroy the

contaminants as they migrate through the treatment area. In situ sediment

caps can reduces “risk of remedy” in sediment removal and ex situ

treatment, and they avoid unsustainable practice of moving problem from

sediment to landfill. The choice of approach depends on a wide variety of

site-specific issues, demands and conditions.

It has been widely accepted that sulfate-reducing bacteria (SRB) as well as

iron-reducing bacteria (IRB) were primarily responsible for methylation of

mercury in anoxic environments, including sediments (e.g. Compeau and

Bartha, 1985; Fimmen et al., 2009; Yu et al., 2013). However, more recent

work indicates other types of anaerobic bacteria – including methanogens –

can also methylate mercury (e.g. Gilmour et al., 2013; Yu et al., 2013; Cossa

et al., 2014). No single mercury methylator seems to dominate in all anoxic

environments. Rather, the prevailing mercury-methylating bacteria in any

given anoxic environment, including sediment, appears to depend on a host

of site-specific environmental and other factors. Thus, in-situ sediment

treatment systems that can address methylation in general can be important

to remedial approaches.

Provect-CH4™ is a proprietary amendment for environmental remediation

applications that includes Red Yeast Rice (RYR) Extract. RYR extract contains a

number of natural statin compounds, including Monacolin K (also known as

Lovastatin), that effectively inhibit methanogens while permitting other

biodegradation processes to occur.
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Figures 1 A/B.  Examples of excessive methanogenesis

(top panel – A) and  associated ebullition/induced 

migration of contaminants yielding a sheen (bottom 

panel - B) 

WHAT IS A METHANOGEN? AQUAGATE™ TECHNOLOGIES

Mode of Action: Research has demonstrated that these statins specifically inhibit

the growth and development of Archaea hence minimizing methanogenic activity.

Bacteria cell walls contain peptidoglycan (murein), whereas the cell walls of

methanogens cell walls contain pseudomurein.

HOW CAN WE CONTROL METHANOGENS?

Environmental Impact: For about 20 years, millions of people have been

consuming statins directly at ca. 20 mg @ 100% active ingredient on a daily basis to

control cholesterol biosynthesis. Moreover, statins have been administered to

cows as a feed supplement for decades to manage rumen microbiology and reduce

methane production. The amount of statins in the aqueous environment is

designed to achieve 50 to 150 ppm and will have no discernible impact on human or

environmental health.

.Pseudomuerin is biosynthesized via

activity similar to that of 3-hydroxyl-3-

methyl-glutaryl-coenzyme A (HMG-CoA)

reductase, which is a key enzyme in the

cholesterol biosynthesis pathway in

humans. The statins interfere with In

the presence of a Monacolin K and other

statins in Provect-CH4™ HMG-CoA

reductase is inhibited, pseudomurein

biosynthesis pathway is interrupted,

and methanogens are restricted from

growth, development and proliferation

(Figure 2).

Figure 2. Model composition of cell wall of a 

methanogen

INTEGRATED TECHNOLOGIES

AquaGate-CH4™ integrates methane inhibitors with AquaBlok®, an established

sediment capping and in-situ treatment technology platform, to yield a more

effective remedial strategy that can help minimize problems associated with all in

situ sediment caps.

By controlling methanogen activity at least short term, the integrated technologies

presented can offer near-immediate conformance with eco-risk goals in a safer

manner through reduced ebullition and generation of methylmetal(loids) such as
methylmercury and methlyarsenic.
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Reasons and Technology for Inhibiting Methanogenesis

during In Situ Sediment Treatment

Advances in the delivery and placement technologies such as the

AquaBlok™ technology have greatly expanded the range of active cap

designs for in situ treatment and receptor protection. One resulting

complication of any sediment capping or the addition of reactive agents is

that the implementation/construction processes themselves can create an

initial spike of methanogenic activity because the sediment becomes

disturbed and available carbon sources are more rapidly consumed. A

second methane spike can occur later as oxygen is depleted from the

remediated site, thus shifting the balance between aerobic biodegradation

and anaerobic biodegradation in favor of the methanogenic anaerobes. The

production of methane is problematic from several perspectives, including:

 Methanogens are microorganisms that produce methane

 They are ubiquitous, and they are often dominant in numbers, averaging 2% to 

15% of all soil microbes

 They are important members of synergistic, fickle anaerobic communities

 They are genetically unique and belong to their own domain, Archaea

 They can double cell numbers in one hour and are problematic when overactive

 The production of methane can create gas 

bubbles (ebullition) which can transport 

contaminants via surface tension phenomena 

through localized cap failures due to gas 

buildup (Figure 1a);

 Methane gas ebullition causes cap breaching 

and induced migration = sheen (Figure 1b); and 

 Methanogens can generate methylmetal(loids) 

such as methylmercury and methlyarsenic, with 

many negative consequences.

As shown in Figure 3, the resulting AquaGate-CH4™ pre-

capping layer will simultaneously treat contaminants while

controlling methane production which manages several

problems common to in situ sediment capping systems,

including: i) reduced ebullition of gases that may breach

the barrier cap; and ii) reduced methylation of heavy

metals.

Figure 3. Model composition of antimethanogenic, (reactive) AquaGate-CH4™ 

Figure 4. Example Applications 
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Provect-CH4 methanogen inhibitors have been combined with AquaBlok® or

AquaGate™ or Blended Barrier™ to yield a composite particle (Figure 4)

containing an aggregate core that is layered with the reactive amendment

materials and deployed through a water column over a contaminated site.

In the AquaGate™ approach, Provect-CH4™ is introduced in an initial application

before placing the AquaBlok® sequestration cap to inhibit methylation after cap

placement.

dense core

(e.g. aggregate)

can comprise and include 

wide variety of minerals, 

treatment agents including 

Provect-CH4™ Methane 

Inhibitors

Figure 5. Model composition of 

antimethanogenic, (reactive) AquaGate™

AquaGate+™ (amendments)

Organoclay EHC-M™

Powder Activated Carbon (PAC) Sulfur Compounds

Zero Valent Iron (ZVI) Aluminum Sulfate

Clinoptilolite Microbes

Organic Carbon Provect-CH-4™

Sorbster™

Applications: AquaBlok® AquaGate+™ 

MGP Sites (Coal Tar)  

Refinery Site (PAH, Diesel)  

Pond (Metals, Mercury)  

Upland Seep Zone (Arsenic)  

Installation Configurations:

Low Permeability Cap  

Cut-off Wall  

Upland PRB  

Landfill Cap Repair  

Funnel & Gate  

Post-dredge Backfill  

In-situ Treatment  

Reactive Capping  

Bank Stabilization, Residual Sequestration  

Figure 6. AquaBlok® Technology Platform: Powder Delivery 

through a Water Column

Aggregate Powder AquaBlok®/AquaGate™


