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1. Introduction 

This Volatile Organic Compounds (VOCs) Emissions Management Plan outlines methods by which UK 

Remediation Ltd (UKRL) will systematically assess, reduce and prevent potentially harmful fugitive 

VOC emissions to air from the Wheal Jane, Baldhu Fixed Soil Treatment Facility (FSTF).  

Bioremediation is a process that can destroy pollutants by microbial action. Certain bacteria can use 

nutrients and oxygen to degrade VOCs and toxic compounds in soils. However, little information has 

been available on the airborne emissions associated with these processes. This document was 

compiled to help determine whether airborne emissions from bioremediation operations could pose 

a passive air pollution problem at the proposed Wheal Jane FSTF.  

UKRL has quantified airborne emissions of volatile organic compounds (VOCs) and toxic airborne 

contaminants (TACs) from remediation processes used to clean up hazardous waste sites and have 

examined data from previous remediation sites with similar operations to the proposed, including 

records from the existing UK Remediation Hill Barton FSTF. 

UKRL performed a review on the use of bioremediation and identified sources of monitoring and 

process data for airborne emissions of VOCs and TACs from previous remediation operations as part 

of onsite contracting works. In addition, UKRL monitored two current aerobic soil bioremediation 

processes to determine the potential of these systems to act as secondary sources of VOCs and TACs.  

Of particular concern was the possibility that non and semi-volatile compounds would, in the course 

of degradation, be transformed into compounds of greater volatility and passively released. 

The principal example of such is the production of vinyl chloride from tri/tetrachloroethene under 

anaerobic conditions (only aerobic treatments to be used at the Baldhu site). At one former site, soil 

contaminated with diesel and jet fuel was subjected to bioventing, in which air is pulled through the 

soil to speed up the microbial metabolic processes. The resultant was analysed for specified volatile 

compounds. In addition, UKRL designed a trial land farming operation where PAHs were the main 

pollutant. 

Depending upon the waste stream air emissions of volatile organic compounds (VOCs) may be 

required to be controlled during stockpile and treatment pile construction operations, it may be 

necessary to physically control the VOC emissions via immediate covering controls. Control involves 

capturing the vapours before they are emitted to the atmosphere, passing them through an 

appropriate treatment process, and then venting them to the atmosphere. The mid-range 
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hydrocarbon products (e.g., diesel fuel, kerosene) contain lower percentages of lighter (more volatile) 

constituents than does for example gasoline.  

Biodegradation of these lighter petroleum products within impacted soils is more significant than 

evaporation. Heavier (non-volatile) petroleum products (e.g. heating oil, lubricating oils) do not 

evaporate during biopile aeration; the dominant mechanism that breaks down these petroleum 

products is biodegradation. However, higher molecular weight petroleum constituents such as those 

found in heating and lubricating oils, and, to a lesser extent, in diesel fuel and kerosene, require a 

longer period of time to degrade than do the constituents in gasoline.  

In conclusion:  

(1) UKRL has found that quantitative measurement of fugitive emissions from open bioremediation 

systems is difficult.  

(2) Some bioremediation processes, such as bioventing or land-farming, can result in emissions of 

fractions of atmospheric VOCs. However, aerobic soil bioremediation systems do not promote 

the transformation of compounds of lesser volatility into compounds of greater volatility.  

(3) Biodegradation of PAHs having up to four carbon rings appears to occur efficiently by aerobic 

processes.  

(4) When anaerobic processes occur, compounds of greater volatility can be produced.  

(5) A well-designed bioremediation operation should ensure that anaerobic conditions are 

avoided.  

(6) Design of on-site bioventing systems should include consideration of potential problems such 

as channelling of vent air around soil aggregates and control of soil moisture content.  

Gaseous emissions of volatile organic compounds (VOCs) and semi-VOCs (SVOCs) from solid phase 

remediation processes were evaluated. The specific processes considered were those used for the 

bioremediation of contaminated soils and sediments.  

There are many fundamental and operational factors that can affect gaseous emissions from 

remediation units. The more important factors are the partitioning of organic chemicals to solids in 

the unit, rate of microbial/chemical activity, volatility of the chemicals, and manner in which the unit 

is operated. 

In general, although remediation operations may give rise to emissions of VOCs, well designed and 

operated facilities are not likely to give rise to significant levels of TACs.  
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2. VOC Emissions Management Plan 

2.1 Structure 

The following VOC emissions control measures addresses the potential impacts of emitted VOCs/TACs 

and to mitigate the risk. These are supported through monitoring procedures to identify both elevated 

levels and review complaints should they arise. The complaints management procedure including the 

management responsibilities is addressed in the EMP documents. 

• Emissions impact is considered as part of routine inspections 

• Emissions is primarily controlled at source by good operational practices, including physical 

and management control measures 

• All appropriate measures are taken to prevent or, where that is not reasonably practicable, to 

reduce VOC emissions to air from the FSTF at nearby receptors 

The methodologies presented in this management plan take account of Environment Agency guidance 

documentation as detailed in section 2.2.4 of sector guidance note S5.06, with particular reference to 

fugitive emissions. 

2.2 Sources of Potential Fugitive Emissions 

• Untreated incoming loads 

• Open vessels (for example, the effluent treatment plant) 

• Temporary lifting of biopile sheeting for sampling activities 

• Temporary storage areas (for example, bays, stockpiles, lagoons, etc.) 

• The loading and unloading of tipper lorries 

• Screeners and conveyor systems 

• Pipework and ductwork systems (for example, pumps, valves, flanges, catchpots, drains, 

inspection hatches, etc.) 

• Potential for by-pass of abatement equipment (to air or water) due to equipment 

malfunction 

• Spillages 

• Accidental loss of containment from failed plant and equipment 
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2.3  Control Measures 

2.3.1  VOC Control Measures as Part of General Operations 

The volatility of contaminants proposed for treatment is important because volatile constituents tend 

to evaporate into the air during chemical reagent addition and windrow turning and tipping.  

If air is added to treatment piles by applying a vacuum to the aeration piping, volatile constituent 

vapours will pass into the extracted air stream which will be treated, if necessary. In some cases 

(where allowed), it may be acceptable to reinject the extracted vapours back into the soil pile for 

additional degradation. It is important to optimize the aeration rate to biopiles. Evaporation of volatile 

constituents can be reduced by minimizing the air extraction or injection rate, which also reduces 

degradation rates by reducing oxygen supply to bacteria. 

Control measures will therefore include: 

• Avoidance of uncovered stockpiles (where possible) 

• Use of suppressant sprays, binders, stockpile management techniques, windbreaks and so on 

to mitigate releases from the surfaces of soil during treatment operations 

• Regular wheel and road cleaning (avoiding transfer of pollution to water and wind blow) 

• Minimising drop height.  

• Regular housekeeping 

• Competent Management 

2.3.2   Action Levels and Limit Values 

VOC monitoring will be undertaken daily by the TCM (or appointed individual following suitable 

training) during active operations where acceptance screening procedures have highlighted the 

potential presence of significant quantities of VOC/TACs in received material.  Monitoring will be 

undertaken using a hand-held photoionisation detector (PID), with the operator stood at the boundary 

monitoring points for a minimum of one minute, during which the peak value recorded (in ppm) will 

be the reported value. Risks to on-site personnel will be evaluated by monitoring close to the work 

zone – generally Ca. 1m from the surface of the stockpile. 

As the PID method does not discriminate VOC compounds (which are in any case likely to be present 

in mixtures in this context), a conservative assumption is made in setting action levels for benzene, 

which is likely to be the compound with the lowest airborne toxicity threshold encountered.  An action 

value of 5ppm (total VOC) will be used at the site boundary (equivalent to the 15minute TWA for 
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benzene). A reading at this level will prompt an immediate slow-down or cessation of works on site, 

and trigger commencement of further readings, taken once every 15 minutes.  A reading in excess of 

the limit value of 1ppm (equivalent to the benzene 8h TWA) during >4 consecutive 15-minute periods 

will trigger a cessation of work, a process review and where appropriate implementation of additional 

control methods to ensure that continuing breaches of the action and limit levels do not occur.  

An on-site trigger level of  5ppm will action immediate cessation of works. Resumption of works will 

require operatives to wear as a minimum face-fitted ¾ face respirators, equipped with AX or AXP3 

VOC filter cartridges, offering a nominal protection rating of 100x or above.  A PID reading of 250ppm 

will then be used as the stop work limit value in the working area. 

2.3.3 VOC Control Measures as Part of Leachate and Surface water Treatment Process.  

This section should be read parallel to the Odour Control and Management Plan and Site 

Environmental Risk Assessment. It is beyond the scope of this document to detail the various 

operational protocols required with the vapour and water treatment system such as emergency 

procedures and the like. 

However, the following Best Available Techniques (BAT) will be applied, as set out in Section 2.2.4 of 

Sector Guidance note S5.06: 

When transferring volatile liquids, the following techniques should be employed: -  

• Subsurface filling via (anti-siphon) filling pipes extended to the bottom of the container, the use of 

vapour balance lines that transfer the vapour from the container being filled to the one being emptied 

or an enclosed system with extraction to suitable abatement plant. 

• Vent systems should be chosen to minimise breathing emissions (for example pressure/ vacuum valves) 

and, where relevant, should be fitted with knock-out pots and appropriate abatement equipment. 

• Maintenance of bulk storage temperatures as low as practicable, taking into account changes due to 

solar heating etc. 

• The following techniques should be used (together or in any combination) to reduce losses from storage 

tanks at atmospheric pressure: 

• Tank paint with low solar absorbency 

• Temperature control 

• Tank insulation 

• Inventory management 

• Floating roof tanks 

• Bladder roof tanks 



Wheal Jane Fixed Soil Treatment Facility 
VOC Management Plan 

6 
WJ1831.VOC.02 

2.3.4  Treatment Process Management Control Measures 

• Selection of proprietary treatment agents and non-branded chemistries and biological 

treatments where the chemical and biological degradative pathways are well understood and 

which result in minimal intermediate VOC/TAC production. 

• Control of operational parameters to ensure treatments are optimised for these degradation 

pathways. 

• Identify unanticipated environmental impacts such as uncontrolled production of secondary 

byproducts, sub-optimal nutrient levels, or changes in non-targeted indigenous microbial 

populations,  

• Determine if any improvements to field operations could reduce natural resource       

consumption and waste generation while maintaining bioremediation / VOC treatment    

efficacy.  

• Identify any innovative materials that recently demonstrated success in degrading 

contaminants while reducing the project’s environmental footprint.   

• Identify other processes that could accelerate degradation in certain areas without 

significantly increasing the project footprint. 

2.4  Long Term Sustainability 

• Reduced fuel consumption due to transport of high-bulk reagents via rail rather than trucks  

• Reduced emissions as a result of using gravity-fed injection systems rather than fuel-fed 

pumping  

• Beneficial use of industrial waste or surplus by-products as remediation reagents  

• Environmentally preferable purchasing in the context of bioremediation includes products 

such as Seapower and Bio8 that are derived from natural organic constituents and naturally-

occurring enrichment cultures.  

• Covering systems with recycled or bio-based covers instead of virgin petroleum-based 

products. 

• Treatment-related materials available in bulk quantities and packed in recyclable containers 

and drums, to reduce packaging waste  

• Treatment liquids in concentrated form if a product is locally unavailable (and the 

concentration process does not involve additional energy consumption), to reduce long-

distance shipping volumes and frequencies. 

• Biodegradable cleaning products effective in cold water applications, to conserve energy while 

avoiding introduction of toxic chemicals in environmental media.  
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Appendix A – Sample VOC Reporting Form 

 
CR030: VOC Monitoring 
Environmental Management System: Revision 0.02       Date: 01.06.18 

                                                          

Site Address:     Trigger Level Values   
      

Action Level 
(Total 
VOCs)        5ppm (1m from source  

      

Action Limit 
(Total 
VOCs) 

       5ppm    (Site boundary) 
   250ppm (1m from source) 
>4 x >1ppm (Site boundary) 

MTL No:       

Weather details   Equipment details  

Weather: Instrument Used: 

Wind Speed/ Wind Direction: Calibration Details: 

Current Activities:  

 
 
Monitoring Results      

Date Time  
Monitoring 

Location 
Average  VOC    

(ppm) Peak  VOC     (ppm) Action taken/Comments  

            

            

            

            

Action Taken 

 

       

Completed By: Signed: 

Trigger Values 
     

  

NB: The level values will be agreed within the MTLs and from Occupational Exposure Limit guide (EH40) Ring Environment Manager for more details if req.  
        

ACTION LEVEL 
The level at which VOC/Odour Management Plan needs to be implemented. This may involve distribution of PPE, changing any  
air scrubbers (e.g. GAC, deodorising spray), Increase abatement etc. VOC/Odour Management plan should be discussed with  
the UK REMEDIATION Project Manager.  

 

ACTION LIMIT 
If VOCs reach this action level all operations must shut down and area evacuated until levels reduce to below this level. The  
cause of the increased level should be investigated, and a solution devised with the PM. EA should also be advised of the incident. 

 
  
PPM Parts Per Million      

 
TWA Time Weighted Average - The duration of monitoring period by which levels are averaged. NB: This will be variable for different 

 projects and should be agreed within the MTL.   
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Appendix B – List of VOCs and SVOCs 
 

Volatile Organic Compounds  

 

Dichlorodifluoromethane 

Vinyl Chloride   

Chloromethane 

Chloroethane   

Bromomethane 

Trichlorofluoromethane 

1,1-Dichloroethene 

MTBE   

trans-1,2-Dichloroethene 

1,1-Dichloroethane 

cis-1,2-Dichloroethene 

2,2-Dichloropropane 

Chloroform   

Bromochloromethane 

1,1,1-Trichloroethane 

1,1-Dichloropropene 

Carbon Tetrachloride 

1,2-Dichloroethane  

Benzene   

1,2-Dichloropropane 

Trichloroethene 

Bromodichloromethane 

Dibromomethane 

TAME   

cis-1,3-Dichloropropene 

Toluene    

trans-1,3-Dichloropropene 

1,1,2-Trichloroethane 

1,3-Dichloropropane 

Tetrachloroethene 

Dibromochloromethane 

1,2-Dibromoethane 

Chlorobenzene 

1,1,1,2-Tetrachloroethane 

Ethyl Benzene 

m,p-Xylene   

o-Xylene   

Styrene   

Bromoform   

Isopropylbenzene 

1,1,2,2-Tetrachloroethane 

1,2,3-Trichloropropane 

n-Propylbenzene 

Bromobenzene 

2-Chlorotoluene 

1,3,5-Trimethylbenzene 

4-Chlorotoluene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

sec-Butylbenzene 

p-Isopropyltoluene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

n-Butylbenzene 

1,2-Dichlorobenzene 

1,2-Dibromo-3-

chloropropane 

Hexachlorobutadiene 

 

Semi Volatile Organic Compounds 

 

Phenol  

1,2,4-Trichlorobenzene 

2-Nitrophenol 

Nitrobenzene 

0-Cresol   

bis(2-

chloroethoxy)methane 

bis(2-chloroethyl)ether 

2,4-Dichlorophenol 

2-Chlorophenol 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

2,4-Dimethylphenol 

Isophorone   

Hexachloroethane 

p-Cresol   

2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 

2-Nitroaniline 

4-Chloro-3-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

Hexachlorobutadiene 

2,6-Dinitrotoluene 

Dimethyl phthalate 

2-Chloronaphthalene 

4-Chloroaniline 

4-Nitrophenol 

4-Chlorophenyl phenyl 

ether 

3-Nitroaniline 

4-Nitroaniline 

4-Bromophenyl phenyl 

ether 

Hexachlorobenzene 

2,4-Dinitrotoluene 

Diethyl phthalate 

Dibenzofuran 

Azobenzene 

Dibutyl phthalate 

Carbazole   

bis(2-ethylhexyl)phthalate 

Benzyl butyl phthalate 

Di-n-octyl phthalate

 


