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1. Introduction 

1.1. Background to the Work 

    The Department of Environment, Food and Agriculture of Thie Slieau Whallian, the Isle of 

Man Government, asked Phoenix Engineering for assistance/advice regarding management 

and disposal of leachate from their closed landfill site at Raggatt, close to the town of Peel, on 

the Isle of Man.  

    We understand that leachate is presently tankered from the closed landfill site, to a disposal 

point in Peel, which provides little treatment before untreated and unscreened effluent is 

currently pumped out to sea down a long outfall.  However, as part of a regional strategy, 

plans have been prepared for a new and modern domestic wastewater treatment works, 

scheduled for construction during 2019, which will be located very close to the landfill site 

itself.  This means that, in future, it will be possible to pump leachate into that works, where it 

will receive full treatment.   

    Leachate being generated at Raggatt is relatively weak, and typically contains less than 

200mg/l of ammoniacal-N, and often less than 100mg/l, and is generated at an annual average 

rate of 31m3/d.  However, concerns have been raised about “the presence of PCB congeners” 

in the leachate, albeit at extremely low concentrations, well below levels at which almost all 

analytical laboratories can detect these.   

    The question on which Phoenix was asked to provide independent advice, is basically, 

“below which concentrations can PCBs essentially be considered not to be present in any 

significant way, or to pose any significant risk to the environment or public health”.  

    We have examined this question from the point of view of current best practice in the UK. 

Although, as a Crown Dependency, the Isle of Man does not come under UK law, but 

nevertheless, in terms of environmental protection, we understand that they very much take a 

lead from the UK Environment Agency, and suggest that this is a valid approach. 

1.2. Phoenix Credentials 

    Phoenix Engineering’s credentials for this field of work, are that during the last 40 years, 

our Process Director, Howard Robinson, has drafted most of the UK guidance on landfill 

leachate generation, composition and treatment.  His 1979 Government Report TR108, 

“Leachate from Domestic Waste: Generation, Composition and Treatment” was the first such 

report in the UK, and his 1996, 550 page report for the Environment Agency, “A Review of the 

Composition of Leachates from Domestic Wastes in Landfill Sites”, remains a definitive 

analytical resource.   

    In 2001, working with Keith Knox, they developed and drafted the present UK guidance on 

“Pollution Inventory discharges to sewer or surface waters from landfill leachates”, to enable 

landfill operators to comply with EU Pollution Emissions Legislation, which they then updated 

in 2003.  Most recently, in 2007, Howard drafted the UK Environment Agency’s 190-page 

guidance on, “PPC Best Available Techniques for Leachate Treatment at UK Landfills”, which 
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remains in-place, and has subsequently also adopted by SEPA in Scotland.  This report can 

be downloaded at https://www.gov.uk/government/publications/treatment-of-landfill-leachate  

    Howard has been responsible for the design and commissioning of more than one hundred 

full-scale on-site leachate treatment plants, in the UK, Ireland, and in many overseas 

countries, many of which represent state-of-the-art treatment processes internationally, and 

several of which have won international awards. About half of these plants discharge treated 

leachates into surface watercourses, the other half into the public sewer, and Howard is very 

experienced in negotiation of discharge consents with a wide range of Water PLCs and public 

bodies.    

1.3. Our Approach to the Work 

    Efforts have been concentrated on two aspects of the issues.  First, to try and obtain advice 

from appropriate UK Environment Agency staff about their approach and views; and second, 

to try and speak to analysts and UK waste companies, about how their own discharges of 

leachate and treated leachate into the public sewer are being regulated. 

    Although landfill operators have been helpful, and analytical laboratories very helpful, it has 

not proved possible to obtain any definitive views from the Environment Agency which give 

their view on the issue.  Nevertheless, the approach being taken in practice, by local Water 

PLCs, is clear, and we have summarised this in our report. 

    We have actually made nearly twenty ‘phone calls, and sent many emails, to various 

individuals within the UK Environment Agency, over a period of more than a month, and are 

still being promised a definitive reply from their headquarters, which we will, of course, forward 

if, and when it becomes available.  For now, we have summarised the information that we 

have received, which we hope will assist you in coming to a decision regarding a sound and 

defensible way forward at Raggatt Landfill Site.  

1.4. Caveats 

    We must point out that this work has been carried out diligently, and to the best of our 

abilities and experience, but has been undertaken to a limited budget, and following a single 

1-day visit to the island, where a very preliminary tour was undertaken. We therefore apologise 

for any misunderstandings that may be present within our report, and will be happy to discuss 

these with you and make corrections where necessary. 

 

 

. 

https://www.gov.uk/government/publications/treatment-of-landfill-leachate
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2. Polychlorinated Biphenyls in Landfill Leachates 

2.1. General Background 

    Polychlorinated Biphenyls (PCBs) are man-made compounds, of relatively low solubility in 

water, and with low biodegradability, but of high concern within the environment, because of 

their toxicity and ability to accumulate, especially within the fatty tissues of living organisms. 

On this basis, environmental standards generally and sensibly demand that they are absent 

from effluent discharges, and from the environment itself. However, as analytical techniques 

have advanced considerably during the last ten years or so, it has become technically possible 

to detect and measure PCB isomers at far lower concentrations than hitherto, although at 

costs that can rarely be justified for most routine monitoring. 

    The key question to be answered, is at what level of detection, is it reasonable for an opertor 

or regulator to determine that PCB isomers are “not detectable” or significant in an effluent 

discharge?     

2.2. Determination of PCB isomers in Landfill Leachates 

    I have spoken to a number of analytical laboratories in the United Kingdom, regarding the 

routine determination of PCBs in samples of raw or treated landfill leachate, and ALS 

Laboratories, with a major laboratory in Chester, is the largest, and typical of most others. ALS 

routinely tests “hundreds of samples of landfill leachate by this means each year”. 

    In-house testing of samples at ALS is routinely based on a 5 working day turnaround; faster 

turnarounds can be available, but incur a cost surcharge. PCBs were generated originally as 

209 different congeners, but partly because a limited number of congeners comprise the 

majority of PCBs sold and in circulation, and partly because some are more toxic than others, 

determinations are generally limited to less than 20 of these congeners.  In analysis of most 

recent samples, results are generally expressed as one, or both, of two standardised sets of 

congeners. 

    The EC7 (ICES7) congeners (numbers 28, 52, 101, 118, 138, 153 and 180) are those most 

widely sold and most commonly encountered in environmental samples, due to their greater 

percentage weight concentrations in commercial “Aroclor” mixtures. We understand that it is 

congeners in this group that have been determined in leachates from Raggatt. 

    The WHO 12 congeners (77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, and 189) are 

selected as possessing greatest toxicity, having dioxin-like characteristics, and so would 

generally be of greatest interest and concern in environmental samples. 

    Normal routine determnation of PCB congeners is undertaken by GC-MS, and Limits of 

Detection of <0.015µg/l (<15ng/l) for each congener are typically possible by this means, at 

both the laboratories of ALS and similar large UK laboratories. Typical costs of such analysis 

would be in the order of £35 for each of the two suites.  A common approach is to carry out 

analysis of both the 12 DL-PCBs (WHO 12), and the 7 persistent Non-DL-PCBs (EC7), 

although the risk driver is most likely to be the DL-PCB group. See Appendix 1 below. 
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    ALS can also carry out determinations of PCB congeners to lower Limits of Detection, but 

at considerably greater cost.  Such determinations would involve significantly greater cost 

(£600 or £700 per sample), and would involve large volumes of samples being sent to the 

Prague in the Czech Republic to be analysed.  We understand that ALS Laboratories would 

not be able to complete analyses of PCB congeners in samples of landfill leachate (which are 

considered to be relatively “dirty”), to detection limits of <0.01ng/l (<10pg/l) at anywhere near 

the cost of £220 per sample quoted within the 2016 Eunomia/PBA Isle of Man Landfill 

Monitoring Review, and such analysis is rarely, if ever, requested of them for landfill leachates. 

    This is therefore far from being analytical work which is routinely carried out on leachates 

at any UK landfill, and is discussed later. 

2.3. PCB isomers in Landfill Leachates at Raggatt 

    We understand that concerns about presence of PCBs in Raggatt leachates were first 

raised in late 2015 and early 2016, and have received results for 3 sets of samples (8 samples 

in all) that were taken during 2015 and then 2017.  Results for congeners in the EC7 (ICES 7) 

group have been summarised in Table 1 below.  It can be seen that the mean concentration 

of the total of these 7 congeners, among the most commonly produced and most widely 

detected in environmental samples, is about 1.4ng/l, of which more than 82 per cent is 

accounted for by two congeners, PCB28 and PCB52. 

Table 1: Summary of all results for concentrations of EC7 (ICES 7) PCB congeners in leachates 

from Raggatt Landfill Site, 2015-2017.  All results in ng/l. 

PCB Congeners 28 52 101 118 138 153 180 Total 

Date Sample         

          

Dec 15 1 0.543 0.509 0.015 <0.010 0.016 <0.010 0.016 1.10 

Dec 15 2 0.859 0.695 0.272 0.182 0.119 0.131 0.047 2.30 

Dec 15 3 0.268 0.352 <0.010 <0.010 <0.010 <0.010 <0.010 0.62 

          

July 17 Unfiltered 0.857 1.37 0.488 0.087 0.027 0.027 <0.010 2.85 

July 17 Filtered 0.582 0.630 0.231 0.036 <0.010 <0.010 <0.010 1.49 

          

Nov 17 1 0.716 0.328 <0.010 0.052 <0.010 <0.010 <0.010 1.10 

Nov 17 2 0.600 0.275 <0.010 0.054 0.043 0.095 0.040 1.11 

Nov 17 3 0.608 0.336 <0.010 0.062 <0.010 0.072 <0.010 1.08 

          

OVERALL MEAN 0.629 0.562 0.099 0.060 0.028 0.043 0.016 1.437 

          

Notes:   

No specific sampling dates noted in the analytical results. 

All results expressed in ng/l. 

All samples taken to be from the tanker discharge point, but locations not specified. 
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    A concentration of 1.4ng/l, put in an understandable context, represents the weight of a 

single aspirin tablet, dissolved in the total volume of water present in more than one hundred 

full-size Olympic swimming pools. However, the key issue is the potential for PCBs to 

accumulate within living organisms, exposed to a discharge of treated effluent from the new 

Peel Wastewater Treatment Works (WwTW), which has received a proportion of its flow from 

the Raggatt Landfill leachate. 

    Table 2 therefore summarises results from determination of the WHO 12 set of PCB 

congeners, which are considered to be of greatest toxicity because of their dioxin-like qualities, 

in two sampes of Raggatt Leachate (one filtered, the other not), that were taken during July 

2017. 

Table 2: Summary of all results for concentrations of WHO 12 PCB congeners, in leachates 

sampled at Raggatt Landfill Site, during July 2017.  All results in ng/l. 

Sample nature Unfiltered Filtered 

   

PCB congener   

PCB 77  <0.010 <0.010 

PCB 81 <0.010 <0.010 

PCB 105 0.028 <0.010 

PCB 114 <0.010 <0.010 

PCB 118 0.087 0.036 

PCB 123 <0.010 <0.010 

PCB 126 0.021 <0.010 

PCB 156 0.015 <0.010 

PCB 157 <0.010 <0.010 

PCB 167 0.041 0.036 

PCB 169 <0.010 <0.010 

PCB 189 <0.010 <0.010 

   

Total of congeners 0.192 0.072 

   

Notes:   

No specific sampling dates noted in the analytical results. 

All results expressed in ng/l. 

All samples taken to be from the tanker discharge point, but locations not specified. 

 

To put these results in a similar understandable context, a total concentration of 0.192ng/l 

of PCB congeners, represents the weight of a single aspirin tablet, dissolved in the total 

volume of water present in more than eight hundred full-size Olympic swimming pools.  It is 

also clear that less than 40 per cent of those PCBs were present in solution, the majority being 

associated with solids, which is of importance when considering likely removal during 

treatment at a biological WwTW (see later).  
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2.4. Removal of PCB isomers during Treatment at a Domestic WwTW. 

It is widely acknowledged and appreciated that a high proportion of the concentrations of 

PCBs which enters a domestic sewage works will be removed, and not appear in the final 

effluent from the works.  This is an important consideration for the discharge of leachate from 

the landfill at Raggatt into the proposed new Peel WwTW. 

 

2.5. Appendix 6 Sewage Treatment Reduction Factors 

    The UK Environment Agency provides clear guidance on anticipated removal rates which 

should be used in calculating the sewage treatment reduction factor that should be used in 

calculating the corrected concentration remaining in an effluent discharged into a domestic 

WwTW, following sewage treatment.  The report is entitled, “Permitting of Hazardous 

Pollutants in Discharges to Surface Waters: Operational Instruction 17_13”, and was 

issued on 20 July 2016.”.  We have supplied an electronic copy of that report to you, in a 

separate email.  The report is also referred to, with much greater information in the document; 

https://www.gov.uk/guidance/surface-water-pollution-risk-assessment-for-your-

environmental-permit  

    The report document details how the Environment Agency will set limits on permits for the 

substances in the Environmental Quality Standards Directive (EQSD) (2008/105/EC, as 

amended by 2013/39/EU) and for those substances covered by Annex 8 of the Water 

Framework Directive (WFD) (2000/60/EC).  

    The guidance applies to substances being discharged to surface waters, which are covered 

by the EQSD (priority hazardous substances, priority substances and “other pollutants”). It 

also applies to specific pollutants (Annex 8 substances) listed in the 2015 Ministerial 

Directions, and substances which have operational (non-statutory) EQSs. These substances 

are all grouped together for the purpose of the guidance, and referred to as “hazardous 

pollutants”. 

    Of particular relevance to the situation at Raggatt, and the consideration of the discharge 

of leachate containing (extremely low) trace concentrations of some PCB congeners, is a large 

table which comprises Appendix 6 of the report (Pages 115 to 122), and is entitled “Sewage 

Treatment Reduction factors”.  That table presents data to be used in assessing the 

anticipated removal of a large number of specific hazardous substances, which can be 

anticipated during passage through a typical domestic sewage works.  We have cut and 

pasted the section of the table related to PCBs, as Table 3 below. 

     The first column shows the percentage removal rates for each substance. The last three 

columns show the sewage treatment reduction factor you should use in calculating the 

corrected concentration remaining in your effluent after sewage treatment, which for PCBs is 

stated to be 0.0200, or 2.0%.  The table refers to some substances that are not removed by 

https://www.gov.uk/guidance/surface-water-pollution-risk-assessment-for-your-environmental-permit
https://www.gov.uk/guidance/surface-water-pollution-risk-assessment-for-your-environmental-permit
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the treatment process, but may be substantially volatilised during the process, but this is 

shown not to have any significance in the removal of PCBs which can be anticipated. 

Table 3: Selected Section from Appendix 6 of the UK Environment Agency Report, “Permitting 

of Hazardous Pollutants in Discharges to Surface Waters: Operational Instruction 17_13”, 

extract from table entitled, “Sewage Treatment Reduction Factors”, dated 20 July 2016, and 

supplied separately to the Council. 

 

 

 
The substantial removal of PCBs (98 per cent), which the report advises can be anticipated 

during sewage treatment, (substantial removals have also been observed by us within 

dedicated biological leachate treatment processes), is essentially the result of adsorption onto 

sludge particles, rather than as the result of any significant biodegradation or volatilisation.   

Although it is extremely unlikely that such low concentrations of PCB might compromise 

the possibility of even application of sewage sludge from the new Peel works to land, the fact 

that waste sewage sludge at Peel will be disposed of into the new Isle of Man incinerator 

facility, means that even this tiny risk can be discounted.  Many other papers and reference 

documents can be referred to, or obtained via a simple Google search, which confirm these 

high removal rates for PCBs during standard sewage treatment processes (e.g. Jelic et al., 

2015 (90% removal);  or Katsoyiannis and Samara, 2004 (from 65 to 91% for individual 

species). 

In summary, although we have so far been unable to obtain definitive and formal guidance 

in writing from the UK Environment Agency, about specific concentrations below which PCBs 

in effluents can be considered to be essentially absent, they have informally confirmed that 

the analytical tecniques which are widely available routinely at UK laboratories, with detection 

limits in the order of 0.015 µg/l (15 ng/l) are presently considered acceptable by them, for a 

large number of compliance situations. 

In addition, we are aware that similar analtyical techniques are also widely considered 

acceptable by Water plcs in the UK, when regulating the discharges of raw and untreated 

leachates into their own works. We are hopeful that, if required, we may be able to be provided 
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with specific cases, which we could probably supply to you during coming weeks, albeit in 

confidence, with sites remaining anonymous.  Please let us know if this would be helpful for 

you? 

We do know that in UK Environment Agency Guidance on Monitoring of Landfill Leachate, 

Groundwater, and Surface Water (LFTGN 02), which can be downloaded from 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/321602/LFTG

N02.pdf  states in Table 6.6 on Page 55, that a minimum reporting value for PCBs in either 

clean waters (Column A), or for landfill leachate samples (See Column B), would be 0.5µg/l 

(that is, 500 ng/l), (massively greater than those being considered here, although the report 

states that, “Actual reporting values should be determined in consultation with the analytical 

laboratory. ‘A’ reporting values or better should always be used if attainable. Reporting values 

‘A’ are for ‘clean’ waters. ‘B’ values are for leachates”. 

In conclusion, simply looking at the situation objectively, the total concentration of all WHO 

12 PCB congeners of 0.192 ng/l (192 pg/l), in unfiltered leachate sampled at Raggatt Landfill 

Site, during July 2017, representing those congeners which are dioxin-like in nature and 

therefore of most concern to the environment, can reasonably be calculated to be reduced by 

98% by passage through the new Peel WwTW in due course, to a concentration in the order 

of 4 pg/l, which itself would not be detectable by any current analytical technique, at any price.  

This will be contained in a typical daily leachate flow of 30m3.  Very crude estimates for the 

likely throughput of a WwTW serving even just the town of Peel, would indicate additional 

substantial dilution of these leachate inputs, before discharge into the sea. 

Presently, we understand that untreated sewage and raw leachate are being discharged 

into Peel Bay through a sea outfall, to a discharge point located just to the east of the 

breakwater, and we have no doubt whatsoever in confirming that the proposed new 

arrangements would represent an overall massive level of improvement, from an 

environmental perspective. 

 

 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/321602/LFTGN02.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/321602/LFTGN02.pdf
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3. Overall Summary 

3.1. Summary and Conclusions 

    We have diligently carried out an initial assessment of any possible risks which might 

possibly be associated with the introduction of leachate from the closed Raggatt Landfill Site, 

into the new proposed Peel WwTW, which we understand is likely to be located adjacent to 

the landfill site. 

    In conclusion, first, we would point out that we have no doubt whatsoever in confirming 

that the proposed new arrangements would represent a substantial level of improvement, from 

an environmental perspective, given our understanding that untreated sewage and raw 

leachate are presently being discharged into Peel Bay through a sea outfall, to a discharge 

point located just to the east of the breakwater.  Clearly the presence of ammoniacal-N in the 

leachate would need to be taken account of in the design of the new works, but there is no 

reason why that ammoniacal-N cannot be entirely, robustly and completely treated by that 

works. Indeed, for treatment of leachates in the UK, many of which are far stronger than those 

from Raggatt, such disposal and co-treatment is the commonest approach adopted by UK 

landfill operators. 

In terms of management of PCBs within such a solution at Raggatt, we have examined this 

situation in detail, and would make the following points;  

• The levels of detection achieved for PCB congeners at Raggatt are well below 

those routinely achieved by standard UK laboratories, those UK results routinely 

being accepted in the UK for compliance purposes, by both the Environment 

Agency, and by Water plcs accepting leachates for co-treatment in domestic 

WwTWs. 

• We have demonstrated, from Environment Agency guidance, that typically 98 per 

cent removal of PCB congeners can be anticipated during passage through a 

domestic WwTWs, essentially all by adsorption onto sludge.  Even were that 

sludge to be disposed of to land, the quantities involved are very unlikely to be 

significant, but since we understand that sludge from the new Peel works will 

almost certainly be incinerated, then this will not be a significant issue. 

• We therefore recommend that samples of leachate from Raggatt are tested for 

congeners present in both the WHO 12 suite, and also the EC7 (ICES 7) PCB 

congener suite, using routine analytical procedures, such as those offered by ALS 

laboratories.  We recommend that samples are tested each month for an extended 

period, and suggest that the total annual cost of this will be less than that 

associated with the single sample so far tested, at far greater cost, in order to 

achieve extremely low limits of detection that are not being required in the UK. 

• We might also suggest that similar samples of domestic wastewaters presently 

being discharged to sea untreated, via the sea outfall, be tested in a similar manner 
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for benchmarking purposes. 

We trust that this information proves helpful to you, and will forward any further responses 

which we receive, from either the UK Environment Agency, or specific UK Water plcs.    

 

  

3.2. Caveats 

    It is important that we emphasise again that this report has been prepared in very limited 

time, and without us ever having visited or sampled leachates from the Raggatt Landfill Site, 

or having seen proposals for the new proposed Peel WwTP. Nevertheless, the information it 

contains draws widely on current best practice and guidance in the UK, which are referred to 

specifically.  Our conclusions must therefore be used as recommendations, on that basis. 

 

 

 

 

 



14                  

Registered Office: Hunters Lodge, Virginstow, Beaworthy, Devon EX21 5EA Phoenix Electrical Engineering Services Ltd 
T/A Phoenix Engineering, V.A.T. Number:  673 9428 93  Registered England No: 3135186 

 

QMF 0 v0 Issued 02/06/2015 Page 14 

 

4. Appendix 1: ALS Laboratories Standard Scope 

for PCB Analyses, as at January 2018. 
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