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Executive Summary  
SKM Enviros was commissioned by Southwark Council in July 2013 to undertake a Phase Two 
Land Quality Assessment (LQA) of Area Z (‘the site’) at Camberwell Old Cemetery in south 
London.  The assessment was undertaken to confirm the extent of made ground, to establish the 
chemical composition of made ground and to identify potential environmental risks with respect to 
the proposed future cemetery use of the site.  The site has historically been used as a cemetery, 
although new burials have not been added in at least the last fifty years.  Material comprising soil 
with anthropogenic components including brick and concrete was imported and placed over much 
of the site in 2003.  There was also an earlier phase of fill placement potentially related to burials 
which are mapped beneath most of the site.  In this report, the 2003 material is referred to as 
‘Recent Fill’ while all previous made ground is referred to as ‘Older Fill’.   

The LQA comprised a phase 2 / intrusive investigation in a grid across the site, targeting both 
made ground types.  The intrusive investigation was undertaken between the 2nd and 6th 
September 2013.  A risk assessment was completed using data from the current investigation and 
from previous investigations at the site.  The results of the risk assessment completed on the 
intrusive investigation data is shown in the following table.  

Contaminant Sources 

Receptors 
Current Use (fenced 
off, not used for new 

burials) 

Construction 
Workers (site re-
profiling works) 

Future 
Cemetery 

Users  
Groundwater 

Recent Fill – localised PAHs, 
rare TPH, very rare cyanide) Low Moderate Moderate  Low 

Recent Fill – very rare asbestos Low *Moderate / Low *Moderate / Low - 

Older Fill – localised 
contamination - very rare PAH Low Moderate / Low Moderate / Low Low 

*Subject to confirmation from asbestos specialist  

For the proposed cemetery development of the site, the following potentially unacceptable risks 
were identified:  

 Localised PAH contamination within the Recent Fill (also contains elevated TPH at two 
locations and total cyanide at one location);  

 Very localised PAH contamination at single location in Older Fill, considered to be related to 
former access route / pathway; and 

 Single sample from Recent Fill with asbestos fibres.  

It is recommended that localised PAH impacted soil (including rare TPH and very rare total 
cyanide) within the Recent Fill is removed from site to an appropriately permitted disposal / 
treatment facility, and that validation testing is completed of the base and sides of resultant 
excavations.  Removal of this material will ensure that the remaining Recent Fill poses an 
acceptably low risk from PAH contamination to end users if the site is re-profiled for cemetery use.  
With respect to localised PAH contamination in the Older Fill, it is recommended that the detailed 
cemetery design is clarified to establish whether the risk related to this contamination will be 
mitigated by clean cover or whether off-site removal is necessary to mitigate the risk.  Consultation 
with an asbestos specialist is also recommended to establish whether remedial action is required in 
relation to the identification of chrysotile fibres in a single sample.   

The removal of impacted made ground should be carried out under the direction of an experienced 
environmental consultant.  All re-use of material at the site should be undertaken in accordance 
with the CLAIRE Code of Practice for the Definition of Waste, with a full time watching brief.   
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1 Introduction 
SKM Enviros was commissioned by Southwark Council in July 2013 to undertake a Phase Two 
Land Quality Assessment (LQA) of Area Z (‘the site’) at Camberwell Old Cemetery in south 
London.  The intrusive investigation and assessment was undertaken to confirm the extent of made 
ground, to establish the chemical composition of made ground and to identify potential risks with 
respect to proposed future cemetery use of the site.  This report summarises previous 
environmental investigations at the site together with the findings of the current intrusive 
investigation and associated assessment completed in September 2013.   

1.1 Background  

Southwark Council has confirmed that material was deposited across much of the site in 2003.  
Prior to the import and placement of material in 2003, the site was used for burials over an 
unspecified period.  Cleary the previous cemetery use will have resulted in ground disturbance and 
it is also possible that fill may have been imported to re-profile the ground and to build up sufficient 
thickness of soil above the burials.  The site has not been used for burials since the placement of 
new material in 2003.  Intrusive investigations commissioned by Southwark Council were carried 
out by SKM Enviros in 2008, 2009 and 2011.  The previous investigations targeted a relatively 
small area of the site; the plateau area of the most recently deposited 2003 material.  The Council 
propose to re-profile the ground in Area Z to make it suitable for new graves and there is therefore 
a requirement to confirm the made ground thickness and chemical composition of made ground 
across the remainder of the site not previously investigated.   

1.2 Objectives  

The objectives of further intrusive investigation with respect to land quality are to: 

 Establish the chemical composition of made ground in Area Z not previously investigated;  

 Delineate the thickness of the made ground in Area Z; and 

 Assess the suitability of the made ground from a land quality perspective (chemical 
contamination risk to human health and the environment) for use in the proposed cemetery 
development.  This includes the identification of material unsuitable for use and requiring 
remediation / off site removal.   

The above land quality objectives were satisfied by work completed by SKM Enviros.   

The Council also required the following additional information from the investigation, which was 
recorded by Dunn and Co under the direction of Harrison Design Development Limited (Harrison) 
to: 

 Characterise the physical and aesthetic suitability of made ground for receiving new burials;  

 Establish the levels of the original burials within Area Z; and  

 Establish both the finished levels of soils spread over original burials and the basal levels of 
the 2003 stockpile.  

A combined investigation was therefore completed to fulfil all the above objectives.   



Land Quality Assessment, Phase 2, Area Z, Camberwell Old Cemetery  

     
 
C:\Users\DAnderson\Documents\Organice\danderson\http\dmca-uk.skmconsulting.com\80\sites\JL30708\DmcaConsult\Deliverables\Reports\Site 
Investigation September 2013\Final\LQA Phase 2 Area Z Camberwell Old Cemetery Nov 2013 Final vs1.docx PAGE 3 

1.3 Scope of Works  

The SKM Enviros scope of works for land quality investigation and assessment was as follows: 

 Design of intrusive investigation with sufficient exploratory positions (in collaboration with the 
Council and their cemetery designer Harrison to ensure all objectives above were achieved); 

 Commission unexploded ordnance (UXO) specialist to undertake a desk study of UXO risk 
and a non-intrusive geophysical survey (magnetic) for potential UXO; 

 Prepare appropriate health and safety documentation and coordinate health and safety of all 
other parties;  

 Direct the excavation of trial pits across the site, record ground conditions and collect soil 
samples for chemical analysis; and 

 Assess the ground conditions and chemical data in the context of the proposed future 
cemetery development.  

The bereavement specialist Dunn and Co was present throughout the works to advise on 
excavation work in close proximity to burials.  Excavation within 0.5m of known burials was 
undertaken by the bereavement specialist only.  Dunn and Co separately recorded information to 
satisfy their objectives detailed above under the direction of Harrison.   

1.4 Regulatory Context for Land Quality Assessment  

Part 2A was introduced into the Environmental Protection Act by the Environment Act 1995 to deal 
with historic contamination.  The regime addresses ‘unacceptable risk’ and the related guidance, 
Statutory Guidance on Contaminated Land (Ref. 1) and CLR11 (Ref. 2), details the methodology 
by which this risk should be assessed.  It provides a tiered assessment framework by which to 
identify potential sources of contamination, potentially sensitive receptors which may be affected by 
this contamination, and a pathway by which a receptor may be affected by a contaminant.   

The National Planning Policy Framework (Ref. 3) states that ‘where a site is affected by land 
contamination…., responsibility for securing a safe development rests with the developer and / or 
landowner.’  The framework also states that ‘after remediation, as a minimum, land should not be 
capable of being determined as contaminated land under Part 2A of the Environmental Protection 
Act 1990.’   

The developer is thus responsible for determining whether any contamination in, on or under the 
land could pose a risk to future site users and, if present, whether this risk could be mitigated by 
remedial action.  The tiered methodology proposed in CLR11 should also be employed to assess 
risk in a development scenario.  

1.5 Structure of this Report 

This report is structured as follows: 

 Chapter 2: Site background including site description, history and environmental setting and, 
previous investigations; 

 Chapter 3: Significant potential contamination sources, site investigation design and 
methodology; 
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 Chapter 4: Summary of UXO desk study and non-intrusive geophysical survey;  

 Chapter 5: Description of ground conditions encountered; 

 Chapter 6: Assessment of chemical contamination (generic quantitative risk assessment); 

 Chapter 7: Conceptual site model and environmental risk assessment and significance of 
contamination identified at the site (qualitative risk assessment); 

 Chapter 8: Potentially unacceptable risks identified and preliminary remediation strategy with 
respect to proposed cemetery use; and  

 Chapter 9: Lists references. 
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2 Background 
2.1 Site Description  

The cemetery is located to the south-west of Forest Hill Road in south London, and the site (Area 
Z) is an area of land within the cemetery.  The location of the site and the wider Camberwell Old 
Cemetery is shown on Figure 1.  Area Z is located in the north-west of the cemetery bounded by 
Underhill Road to the west and properties of Ryedale to the north (Figure 2).   

Area Z covers an area of approximately 1 hectare and is heavily vegetated with trees, shrubs and 
grass.  The area is relatively flat at the central south-east end but slopes steeply on three sides 
from this plateau; to the south-west, north-east and north-west.  There appears to be a clear break 
of slope between the more recent deposited material (2003) and the underlying material.  The 
contours on the layout plan (Figure 3) clearly show the flat plateau in the south-east, surrounded by 
steep sloping recent fill on three sides and then more gently sloping underlying material with the 
exception of a very steep slope down to the north-west boundary.  .   

2.2 Site History  

A review of historical plans is outside the scope of the current study, but the Council and Harrison 
have confirmed that Area Z has historically been used for burials as part of the Camberwell Old 
Cemetery.  Harrison has confirmed that new burials have not been added in at least the last fifty 
years.  The Council has also confirmed that material was deposited across much of the site in 
2003.  Plans held by the Council show burial plots across the site including beneath the 2003 
deposited material.   

2.3 Environmental Setting  

2.3.1 Geology  

The site is underlain by London Clay which in turn is underlain by the Woolwich and Reading Beds 
(Ref. 4).  Enviros Consulting (now SKM Enviros) reported in 2008 that the London Clay was 
approximately 12m thick beneath the site (Ref. 4).  

2.3.2 Hydrogeology  

The north-eastern side of the site appears to intersect the south-western edge of an Outer Zone 
(Zone 2) Groundwater Source Protection Zone (SPZ) (Ref. 5).   

The underlying London Clay is classified by the Environment Agency as Unproductive Strata (Ref. 
5).   

2.3.3 Hydrology  

Enviros Consulting reported in 2008 that there are no surface water bodies within 500m of the site 
and that although surface water drains are present in the wider cemetery, details of where they 
discharge to are not known (Ref. 4).   

2.3.4 Ecology  

There are no sites of high or medium ecological importance within 1km of the site (Ref. 4).   
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2.3.5 Site Sensitivity 

The site sensitivity is classified as low for groundwater and surface water due to the presence of 
underlying unproductive strata and an absence of nearby watercourses respectively, and as very 
low for ecology due to an absence of nearby ecologically sensitive designated sites.   

2.4 Previous Investigations  

The following previous land quality investigations and assessments have been completed in Area 
Z: 

 Phase 2 Land Quality Assessment, 2008, Enviros Consulting (Ref. 4) 

 Phase 2 Land Quality Assessment, 2009, Enviros Consulting (Ref. 6) 

 Human Health Risk Assessment, 2011, SKM Enviros (Ref. 7) 

 Delineation Investigation, 2011, SKM Enviros (Ref. 8) 

The 2008, 2009 and 2011 investigations were limited to the plateau area at the south-east end of 
the site as shown on Figure 4.  The investigations which targeted the 2003 deposited material are 
summarised in the following sections.   

2.4.1 Intrusive Investigation, 2008 (Ref. 4) 

The report included a desk based review of the environmental setting and an intrusive 
investigation.  The report confirmed that the site lies outside a Groundwater Source Protection 
Zone and is underlain by London Clay above the Woolwich and Reading Beds above the Upper 
Chalk.  The estimated thickness of London Clay over the aquifers is 12m.  No watercourses were 
identified within 500m of the site and no ecologically sensitive areas were identified within 1km of 
the site.  The environmental sensitivity was therefore classified as low for groundwater and surface 
water and very low for ecology.   

The intrusive investigation targeted the placed material in Area Z and comprised nine trial pits and 
ten window sample boreholes.  The exploratory positions were located in the south-eastern part of 
Area Z (see Figure 4).  From recent discussions with the Council and cemetery designer, it is clear 
that the positions were located within the southern and central areas of the 2003 deposited 
material.  The trial pits were excavated to a maximum depth of 2.9m below ground level (bgl) and 
the window sample boreholes were drilled to a maximum depth of 5m bgl.  No water was 
encountered during the investigation.  

Made ground was reported as generally brown sandy clay with frequent flint, chalk, brick, ash and 
concrete and occasional wood.  Locally, black sandy clay with plastic, wood, metal, concrete, brick, 
wire, paper and a degrading odour was reported at 1.5-2m bgl in TP101 and WS101.  Made 
ground was recorded at a thickness of between 0.7 and 5m, and was reportedly underlain by 
natural strata comprising light brown / orange to grey soft clay.  The depth to natural ground was 
proven in nine out of nineteen locations (depth varying between 0.7 and 4.45m bgl).  However, 
following recent discussions with the Council and cemetery designer, it is possible that the logged 
natural ground may have been reworked natural ground placed above burials.   

Thirty nine soil samples from the trial pits and boreholes were chemically analysed.  Widespread 
elevated concentrations of poly-aromatic hydrocarbons (PAHs) and very localised cyanide and total 
petroleum hydrocarbons (TPH) were recorded (relative to generic human health assessment 
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criteria for residential use without plant uptake).  In addition, asbestos (chrysotile) fibres were 
identified in a single sample.   

2.4.2 Intrusive Investigation, 2009 (Ref. 6) 

The report presents the results of additional intrusive investigation in Area Z, together with an 
assessment of data from both the 2008 and 2009 investigations.  The additional investigation 
comprised the drilling of an additional eighteen window sample boreholes in southern part of Area 
Z (see Figure 4).  The purpose of the additional investigation was to increase confidence in the 
chemical composition of the made ground and in particular in the vicinity of TP101, TP108 and 
WS109 (elevated PAHs) and WS104 (asbestos).  Visible indications of possible contamination and 
/ or anthropogenic material were noted in EWS1 (horizons of black clayey sand and sandy gravel 
from 0.65 to 3.5m with brick, flint, metal, ash and a slight fuel odour) and EWS9 (black ashy clay 
with plastic, wood and concrete from 1.6 to 2.7m).   

Made ground was recorded at a thickness of between 3.1 and 6.2m, and was reportedly underlain 
by natural strata comprising brown clay.  The depth to natural ground was proven in fifteen out of 
seventeen locations (depth varying between 3.1 and 6.2m bgl).  However, following recent 
discussions with the Council and cemetery designer, it is possible that the logged natural ground 
may have been reworked natural ground placed above burials.  Forty three samples from the 
boreholes were chemically analysed and this data was assessed with the 2008 data in a combined 
data set of eighty two samples.  The further investigation enabled the separation of PAH data; two 
areas of highly elevated PAH concentrations were identified (‘black made ground’ at TP101 and 
EWS1 and ‘brown made ground’ at EWS5).  Localised elevated TPH was also reported in three 
samples with highly elevated PAH concentrations.  The remaining made ground contained 
relatively lower concentrations of PAHs, but levels still exceeded the generic human health 
assessment criteria for residential use without plant uptake in many of the samples.  The 
investigation did not record any additional exceedences of cyanide and did not identify additional 
samples with asbestos.  

2.4.3 Quantitative Risk Assessment, 2011 (Ref. 7) 

The 2008 and 2009 investigation data was reassessed including by the application of an up to date 
statistical approach (CLAIRE guidance - Ref. 13).  The assessment supported the findings in the 
2009 report (Ref. 6):  

a) Widespread elevated PAH in made ground across the site relative to residential setting 
screening levels.   

b) Localised highly elevated PAH in made ground in centre and east of area (TP101, EWS1, 
EWS2, EWS5, TP108, TP109).  Statistical average of 202mg/kg benzo(a)pyrene (95% 
Upper Confidence Limit – UCL95) significantly above the generic assessment criteria 
(GAC) of 1 mg/kg for a residential area.  This made ground was described as ‘Impacted 
Made Ground’.  

c) Remainder of made ground has benzo(a)pyrene UCL95 of 3.4mg/kg only marginally 
above GAC of 1 mg/kg for a residential area.  This made ground was described as 
‘Remaining Made Ground’. 

d) Localised elevated TPH associated within made ground with highly elevated PAH 
concentrations 

e) Elevated cyanide in single sample - risk cannot be assessed as free cyanide was not 
analysed.  
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f) Asbestos fibres (chrysotile) identified in single sample 

A detailed quantitative risk assessment (DQRA) was completed for a cemetery end use, to assess 
risks from exposure to PAHs, using benzo(a)pyrene as a marker for this exposure.  Site Specific 
Assessment Criteria (SSAC) were calculated for both 1-6 year old children visiting graves and for 
grave diggers.  The SSACs derived were 18.6mg/kg (range of 9.1-20.1mg/kg) for children visiting 
and 25.6mg/kg (range of 17.7-71.7mg/kg) for grave diggers.  The UCL95 for the Impacted Made 
Ground exceeded both SSACs, while the UCL95 for Remaining Made Ground was below both 
SSACs.  It was therefore concluded that the Impacted Made Ground poses a risk to identified 
receptors for the proposed cemetery use and remediation of this material would be required to 
render the site suitable from a chemical contamination perspective for this use.  Localised TPH and 
cyanide was also reported within the impacted material and hence remediation of the Impacted 
Made Ground would also mitigate the risk from these contaminants.   

2.4.4 Contamination Delineation, 2011 (Ref. 8) 

A further nine trial pits were excavated to a maximum depth of 2m bgl in order to delineate 
contamination identified in the previous 2008 and 2009 investigations.  The additional trial pits were 
therefore also excavated in the southern part of Area Z (see Figure 4).  The made ground 
encountered during the investigation generally comprised a brown gravelly cobbly silt.  The gravel 
component varied at each location but included some or all of flint, brick, concrete, clinker, glass, 
ceramic, timber, plastic and metal.  A rotting and hydrocarbon odour was reported at one trial pit 
(DP07).  Made ground was recorded at a thickness of between 0.5 and 1.2m, and was reportedly 
underlain by natural strata comprising orange brown clay (London Clay).  The depth to natural 
ground was proven in five out of nine locations.  The investigation was halted on discovery of an 
ordnance shell approximately 0.4m in length, in DP08 at 1.9m bgl.  The suspected World War II 
unexploded ordnance (UXO) was removed by Bomb Disposal Specialists and a controlled 
explosion carried out elsewhere.  

Nineteen samples from the trial pits were chemically analysed for previously identified 
contaminants of concern; speciated PAHs (including benzo(a)pyrene), total and free cyanide, and 
speciated TPH.  Benzo(a)pyrene was recorded at concentrations above the most sensitive SSAC 
of 18.6mg/kg in only two of the nineteen samples analysed, while total cyanide and TPH were 
recorded at concentrations below the GAC for residential use without plant uptake.  The letter 
report includes a site plan showing the locations of samples from the 2008, 2009 and 2011 
investigations which contain unacceptable levels of contamination (benzo(a)pyrene, TPH and 
cyanide) for the proposed cemetery development (see Plan of elevated concentrations in Appendix 
A).  The plan shows the impacted made ground clustered at two locations.  The report on the 
delineation investigation did not refer to any physical difference between impacted and remaining 
made ground.  However, the previous 2009 report (Ref. 6) referred to the southern area of highly 
elevated localised benzo(a)pyrene as ‘black made ground’ (vicinity of TP101 and EWS1).  It may 
be possible therefore to visually distinguish this impacted material (TP101, EWS1) from the 
remaining made ground.  In contrast, made ground in the other localised area of highly elevated 
localised benzo(a)pyrene to the north (EWS05), is not obviously visually distinct from the remaining 
made ground (i.e. EWS05 is light brown clay with brick, ash, clinker and concrete which is very 
similar to EWS06 which contained a relatively low benzo(a)pyrene concentration of 1mg/kg).   

2.5 Information Gaps  

Following the above review of information available on the site, the following information gaps were 
identified: 

1) Although the plateau area in the south-east of Area Z has been intensively investigated, some 
uncertainty remained with respect to the depth of the most recently placed made ground / 
2003 placed material (e.g. at TP106-109, WS104-105, WS109, EWS5, EWS9, DP06-10);  
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2) Investigations targeted the south-east of the ‘indicative 2003 tipping area’.  The Council 
propose to use the whole of Area Z for new cemetery development, both the remainder of the 
indicative 2003 tipping area and land to the south-west, north-west and north-east.  Therefore 
the composition of made ground over much of Area Z was unknown, both within the indicative 
2003 tipping area and beyond this area to the south-west, north-west and north-east.  

3) The discovery of a single item of UXO in the most recent 2011 investigation suggests there a 
risk of other UXO in the ground.   

The above information gaps / aspects of uncertainty required clarification to enable the re-profiling 
of the site for cemetery development.  Further intrusive investigation was required with respect to 
(1) and (2); and assessment of (3) was required prior to any such intrusive investigation.   

2.6 Potential Sources of Contamination 

Following the review of previous reports and information on the site history from the Council, a 
number of potential sources of contamination have been identified as given in Table 2.1.  

Table 2.1: Potential Contaminant Sources  

Source Location & Details Potential Nature of Contamination 
Most recently deposited 
made ground (Council 
confirmed this material 
was deposited in 2003)  

Previous investigations indicate 
that the 2003 placed material 
covers the south-east and centre 
of the site.   

Asbestos, metals, hydrocarbons, poly-
aromatic hydrocarbons (PAHs).  Site 
investigation results to date confirm 
widespread elevated PAHs, localised 
elevated hydrocarbons and very rare 
asbestos (single sample) and UXO (single 
item).  

Made ground placed 
pre-2003  

Previous investigations did not 
target this material although they 
may have penetrated the top of 
this stratum underlying the 2003 
made ground.  

Asbestos, metals, hydrocarbons, poly-
aromatic hydrocarbons (PAHs). 
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3 Site Investigation Methodology  
3.1 Site Investigation Rationale 

The objective of this investigation was to assess potentially significant sources of ground 
contamination listed in Table 2.1, through a targeted intrusive investigation.   

In addition to the land quality objective, the Council required the investigation to characterise the 
physical and aesthetic suitability of made ground for receiving new burials and to establish the 
levels of the original burials (this element of the investigation was directed by Harrison on behalf of 
the Council).  

3.1.1 Scope of works for intrusive investigation  

The investigation was designed and implemented in accordance with the principals set out in the 
British Standard BS10175:2011 for the investigation of potentially contaminated sites (Ref. 9).  In 
the terminology of this British Standard, the investigation comprised ‘targeted (judgmental) 
sampling at locations selected on the basis of the conceptual model that are known or suspected to 
be sources of areas of contamination.’  

The SKM Enviros scope of works for land quality investigation and assessment was as follows: 

 Design of intrusive investigation with sufficient exploratory positions (in collaboration with the 
Council and their cemetery designer Harrison to ensure all objectives above were achieved).  
The investigation design comprised seventeen trial pits evenly spaced in a grid across the site 
targeting both the 2003 and earlier made ground; 

 Commission unexploded ordnance (UXO) specialist to undertake a desk study of UXO risk 
and a non-intrusive geophysical survey (magnetic) for potential UXO.  To be completed in 
advance of intrusive site investigation; 

 Prepare appropriate health and safety documentation and to coordinate health and safety of all 
other parties;  

 Direct the excavation of trial pits across the site, record ground conditions and collect up to 
thirty four soil samples for chemical analysis; 

 Assess the ground conditions and chemical data in the context of the proposed future 
cemetery development.  Undertake generic quantitative risk assessment of the soil chemical 
data by comparing recorded concentrations with generic human health assessment criteria.  
Comparison with site specific assessment criteria (SSAC) to be made in the case of the PAH, 
benzo(a)pyrene, where a previous detailed quantitative risk assessment (DQRA) derived an 
SSAC for this determinand.  Prepare a report on the risk to human health and the environment 
associated with the reuse of the made ground for cemetery development.   

SKM Enviros were advised that a bereavement specialist (Dunn and Co) would be required for the 
duration of the investigation due to the presence of burials on the site.  Furthermore, excavation 
within 0.5m of known burials was to be undertaken by the bereavement specialist only.  Dunn and 
Co were to separately record information to satisfy their objectives detailed above under the 
direction of Harrison.   
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3.2 Implementation of the Intrusive Investigation 

The investigation was carried out between the 2nd and 6th September 2013.  Twenty one trial pits 
and a trench were excavated during the site investigation.  Eighteen trial pits and the trench were 
excavated by a 14 tonne excavator using a 2m or 1.2m wide bucket.  The large excavator was 
used to determine the thickness of the recent fill material and extended to depths up to 4.3m bgl.  A 
3 tonne mini excavator was used to excavate four trial pits in areas which were difficult to access.  
The smaller excavator was also employed to ensure a more controlled dig when attempting to 
identify burials.  These trial pits extended to between 1.0 and 2.0m bgl.  

The overall investigation was directed by SKM Enviros.  When excavations were judged to be 
within 0.5m above a burial, the investigation was then directed by a bereavement specialist from 
Dunn & Co. Ltd.  Excavation down to burials was completed by Dunn & Co. Ltd and in some 
instances involved hand digging.  

3.2.1 Soil Sampling 

Soil arisings from all trial pits were examined for visual and olfactory evidence of contamination, 
and logged in general accordance with BS5930:1999 (including amendments 1 & 2) Code of 
practice for site investigations and BS EN ISO 14688.  . 

Soil samples were obtained from the arisings using a stainless steel trowel.  All sampling 
equipment was cleaned between samples to minimise the potential for cross-contamination.  
Visible dirt was removed from the stainless steel trowel after the collection of each sample and if 
further cleaning was necessary the trowel was also washed with detergent (Decon90®). 

Soil samples were collected, placed in sealed sample containers (appropriate to the type of 
analysis to be undertaken and compliant with the laboratory’s UKAS and MCERTS methodologies) 
and labelled with site specific sample identification.  All samples were packed into pre-chilled cool 
boxes with frozen ice packs or ice cubes, chain of custody documentation and then transported to 
an independent analytical laboratory (I2 Analytical).   

3.2.2 On site screening tests 

Environmental soil samples from the trial pits were screened on-site using a Photo Ionisation 
Detector (PID) by headspace analysis.  The PID detects volatile organic compounds (VOCs) at the 
parts per million (ppm) range.  The measurement of VOCs was taken by inserting the probe into 
headspace in a sealed sample bag and a reading taken.   

3.2.3 Laboratory analysis 

All soil samples were analysed by I2 Analytical and tested to MCERTS standards where 
commercially available.  The analysis of soil samples was carried out in accordance with I2 
Analytical’s standard quality assurance/quality control procedures and ISO 17025 accreditation.  
Further details of the accreditation held for each test is shown within the analytical reports in 
Appendix F. 
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4 UXO Management 
In accordance with UXO risk management guidance (Ref. 10), and due to the discovery of a single 
item of unexploded ordnance in the 2011 investigation, the following were completed prior to the 
current investigation: 

4.1 UXO Preliminary Risk Assessment 

A desk top review was undertaken by Zetica in July 2013 (Ref. 11).  The review confirmed that 
there are records of at least five high explosive bombs falling on the site during World War II 
(WWII), three of which were recorded as unexploded bombs.  One abandoned anti-aircraft shell 
was also recorded on the site.  Zetica concluded that the site has a Moderate hazard level (‘there is 
positive evidence that ordnance was present and that other uncharted ordnance may be present as 
UXO’).  Zetica therefore recommended that all staff have an awareness of the UXO hazard through 
site induction.  In addition Zetica stated that ‘clearance certification for borehole locations is 
considered essential’.  Methods suggested by Zetica to mitigate the risk of UXO (during intrusive 
investigations) included; non-intrusive geophysical methods and the presence of an Explosive 
Ordnance Clearance (EOC) operative.  It should be noted that much of the material in Area Z has 
been imported since WWII and therefore the above information may not be relevant.  However, 
UXO was identified in the 2011 SKM Enviros investigation (Ref. 8) within imported material and it 
was therefore considered that the Zetica recommendations were implemented for all material in 
Area Z.  

4.2 UXO Survey by Non-Intrusive Geophysics (magnetic survey) 

A magnetic survey was carried out in Area Z by Zetica on the 29th July 2013 using a dual sensor 
caesium vapour magnetometer (Ref. 12).  The survey investigated the presence of ferrous metal in 
the ground and 96 isolated ferrous metal targets were identified in the surveyed areas (limited to 
proposed investigation grid which was previously cleared of vegetation).  Zetica concluded that, 
due to the elevated background noise level (caused by characteristics of the made ground) the 
depth to which a UXO could be detected was reduced.  Hence the ‘clearance depths’ were 
insufficient to provide confidence that UXO could be adequately detected and investigated prior to 
the ground investigation works.  Zetica therefore recommended that an EOC Engineer is present 
during trial pit excavations in Area Z.  Two drawings showing the results of the magnetometer 
survey (P4184-13-DWG01-A & P4184-13-DWG02-A) are attached in Appendix B and these were 
consulted prior to excavation of each trial pit (in consultation with the Zetica EOC Engineer).   

The recommendations of Zetica were taken forward to the site investigation, with the full time 
presence of a Zetica EOC Engineer.   

 



Land Quality Assessment, Phase 2, Area Z, Camberwell Old Cemetery  

     
 
C:\Users\DAnderson\Documents\Organice\danderson\http\dmca-uk.skmconsulting.com\80\sites\JL30708\DmcaConsult\Deliverables\Reports\Site 
Investigation September 2013\Final\LQA Phase 2 Area Z Camberwell Old Cemetery Nov 2013 Final vs1.docx PAGE 13 

5 Ground Conditions  
This chapter summarises the ground conditions encountered at the site.  Geological logs from the 
investigation are contained within Appendix C.  The ground conditions in the areas investigated are 
described in the table below.  Exploratory locations are shown on Figure 4.  Photographs of the 
ground conditions encountered are included in Appendix D.  

The ground conditions are separated into two principal types of made ground (‘Recent Fill and 
Older Fill) and underlying natural ground.  The recent fill is the material deposited in 2003 while the 
older fill is the material present prior to 2003.  It was difficult to distinguish between undisturbed / in-
situ London Clay and reworked London Clay, but is considered that the former was only 
encountered at one location in this investigation.   

Table 5.1: Summary of Ground Conditions 

Strata Material Type Depth Encountered (mbgl) and Thickness 

‘Recent Fill’ – made ground understood to have been deposited in 2003; located in the central area 
of the site from ground level to a maximum depth of 4.1mbgl 
(TP8A, TP11, TP12, TP14, TP14A, TP15, TP17, TP18, TP19) 

Recent (2003) 
Made Ground / 

Fill 

The fill largely consisted of building 
rubble within a soil matrix.  
Anthropogenic items were encountered 
in TPs 8A, 11, 12, 14, 14A, 15, 17, 18 
and 19.  Anthropogenic items identified 
included bricks, cobbles of concrete, 
timber, re-bar, sheets of corrugated 
metal, glass and ceramic.  
 

The thickness of the fill encountered varied 
depending upon the location of the 
exploratory position on the area of known fill.  

The shallowest and deepest amounts of fill 
encountered were: 

Depth: 0.00 – 0.90m (TP17) 
Depth: 0.00 – 4.1m (TP19) 

‘Older Fill’ – made ground present prior to 2003, including overlying and underlying soil profiles and 
reworked London Clay; encountered across the site and in the central area of the site found to be 
underlying the recent fill at most exploratory locations.  Burials were encountered within this 
material.  
(TP1A, TP2, TP3, TP4A, TP5A, TP6A, TP7, TP9, TP10, TP10A, TP11, TP12, TP13, TP14, TP14A, TP15A, TP16, 
Trench) 

Soil Beneath 
Recent Fill 

A horizon of brown silty CLAY (soil) 
with evidence of decomposing grass 
was seen at TPs 11, 14, 14A and 15A.  
A layer of loose dark brown silt was 
seen underlying the fill at TP12.  These 
horizons may indicate the former 
ground level prior to deposition of the 
recent fill material.  

Depth: 1.40 – 3.40m (TP11) 
Thickness: 0.04 – 0.20m (TPs 11, 14 & 14A) 
 

Made Ground – 
gravelly silt / 

clay 

Friable slightly gravelly SILT with gravel 
occasionally comprising brick, glass 
and charcoal was observed at the 
surface at TPs 1A, 2, 3, 4A, 7, 9 and 
13. 
Firm gravelly CLAY consisting of brick, 
concrete and occasional charcoal was 
observed at TPs 5A, 6A, 10, 10A, 16 
and along the surface of the trench.  
A layer of GRAVEL comprising brick, 
flint and clinker was observed at TP10 
and TP10A (potential former access 
route).  

Depth: 0.00 – 0.50m (TP7) 
Thickness: 0.05 – 0.50m (TP7) 
 
 
Depth: 0.00 – 1.35m (Trench at marker A) 
Thickness: 0.30 – 1.35m (Trench at marker 
A) 

Depth: 0.55 – 0.80m (TP10A) 
Thickness: 0.20m (TP10 & TP10A) 
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Strata Material Type Depth Encountered (mbgl) and Thickness 

Underlying Soil  

A horizon of clayey gravelly SILT (soil) 
was observed underlying the older fill 
material at TPs 5A, 6A and 16 and at 
Trench marker A, B, C and D.  These 
horizons may indicate the former 
ground level prior to deposition of the 
overlying fill material. 

Depth: 0.45 – 1.55m (Trench A) 
Thickness: 0.20 – 0.40m (TP16) 

Reworked 
London Clay 

Formation 

Firm to stiff slightly silty CLAY was 
observed at the majority of exploratory 
locations. 
At a number of these locations there 
was evidence of disturbance with the 
presence of gravel of brick and 
charcoal or fragments of brick 
contained within the clay.  This was 
particularly the case immediately above 
burials.  

Depth: 0.30 – 4.10m (TP19) 
Thickness: 0.20 – 1.40m (TP10) 

 

London Clay Formation; Encountered across the site beneath surface soils and fill material.  Burials 
are located within the London Clay 

London Clay 
Formation 

Firm to stiff slightly silty CLAY was 
observed at TP10.   

Depth: 0.80 – 2.20m 
The base of this formation was not 
encountered. 
 

At Trial Pits 10, 17, 18 and 19 the exact depth of the former ground level was not obvious.  In the 
case of Trial Pits 17, 18 and 19 a soil horizon indicating a former ground level was not observed; 
the recent fill was immediately underlain by reworked London Clay; within which the burials are 
located.  At TP10 older fill material and the gravel hard-core overly the London Clay Formation.  
The presence of the gravel hard-core layer could indicate that the original ground level may have 
been excavated prior to laying the gravel layer and subsequent filling.  This may have also been 
the case at Trial Pits 17, 18 and 19.   

A summary table of the depths of the base of the Recent Fill (2003 material) is included in 
Appendix E.  A volume of 7,490m3 Recent Fill was calculated by inputting this data into a ground 
modelling software package.  Given the limitations of the data inputted (relatively small number of 
measured depths to the base of the fill and measured ground levels) and the limitations of the 
model, this volume should be viewed as an approximate estimate, and the actual volume may be 
significantly higher or lower (the ground modelling software works within AutoCAD to calculate a 
series of 3D triangles to accurately represent surfaces).   

Field Screening 

Environmental soil samples from the trial pits were screened on-site using a Photo Ionisation 
Detector (PID) by headspace analysis.  Elevated readings were recorded for a number of samples 
(up to 220 ppm).  These were generally of made ground samples noted to contain gravel sized 
pieces of clinker and / or charcoal, contained ash or had an organic odour.  Refer to the trial pit 
logs for details (Appendix D). 
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6 Chemical Contamination Assessment  
Selected soil samples obtained during the investigation were scheduled for analysis for a range of 
determinants.  Copies of the laboratory certificates are supplied in Appendix F. 

6.1 Data Assessment for Human Health & Phytotoxic Risk  

6.1.1 Soil Assessment Methodology  

The data has been assessed against generic assessment criteria (GAC) for risks to human health.  
Where available and applicable, the GACs are equal to the Soil Guideline Values (SGVs) published 
by the Environment Agency.  However SGVs are only available for a limited number of 
contaminants and where published they apply to a limited range of land uses and soil organic 
matter (SOM) content.  SKM has thus extended their GACs to include a range of SOM and land 
uses not covered by the Environment Agency.  In addition, SKM has extended the range of 
contaminants assessed to include some contaminants with no SGV.  A methodology for the 
derivation of GACs is provided in Appendix G. 

Selection of Appropriate GACs  

Land Use 

The future land use of the site is continued cemetery use.  There are no GACs specifically for 
cemetery use and therefore residential without plant uptake use is selected as the most similar land 
use scenario with existing GACs.  For the purpose of this Tier 1 assessment, all the data has 
therefore been compared with GACs for residential use without plant uptake.  In addition, the PAH 
compound benzo(a)pyrene is compared with a SSAC for cemetery use which was derived in 
SKM’s 2011 DQRA (Ref. 7) described in Section 2.4.3.   

Soil Organic Matter (SOM) 

The mobility of organic contaminants can be strongly influenced by the organic content of the soil.  
This particularly affects the exposure pathways involving absorption by plants and inhalation for soil 
vapours as well as the leachability of these organics.  The SOM was ascertained by measuring the 
total organic carbon and applying a correction factor as set out in BS1377 (British Standard - 
methods of test for soils for civil engineering purposes.  General requirements and sample 
preparation, 1990).  The soil organic matter is summarised in the table below. 

Table 6.1: Soil Organic Matter 

 
No. of 

samples 
Soil Organic Matter 

Average Minimum Maximum 
Recent Made 
Ground (2003) 18 2.7 1.0 4.5 

Older Made Ground 15 4.8 1.7 9.3 

Natural Ground 1 6.9 6.9 6.9 
 

GACs based on 2.5% SOM have been used for the assessment of all data groups which 
constitutes a conservative approach.  
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Division of Data 

A total of 34 soil samples were obtained for analysis for a range of determinants.  Consideration 
has been given to the most appropriate method of grouping the data.  This can include separating 
data spatially or by the different types of strata which underlie the site.  This is because different 
types of contaminants may be associated with particular historical activities or with different 
geological units.  The results of the analysis have been divided into two categories for initial 
interpretation.   

1) ‘Recent Fill’ – most recently placed made ground (2003), located in the south-east and centre 
of the site up to ground surface - (18 samples)  

2) ‘Older Fill’ - made ground placed prior to 2003, including over burials, and potentially 
comprising a significant component of reworked natural ground / London Clay Formation (16 
samples) 

6.1.2 Results of Chemical Analysis on Soils 

The analytical results are reproduced in Appendix F and summarised below.   

Recent Fill (made ground understood to have been deposited in 2003) 

A summary of the chemical analysis is presented in the table below.   

Table 6.2: Inorganic & Organic Contaminants – Recent Fill (screened against Human Health GAC 
for residential without plant uptake use and SSAC where available) 

Determinand Analyses 

GAC for 
residential 

without plant 
uptake 

(Number > 
GAC) 

DQRA derived 
SSAC 

(Number > 
SSAC) 

Min Max 

Inorganics  

Arsenic 18 35 (0) - 12 34 
Cadmium 18 11.6 (0) - <0.2 0.6 

Chromium  18 3012 (0) - 22 58 
Copper 18 6203 (0) - 20 180 

Lead 18 450 (3) - 25 920 
Mercury 18 11# (0) - <0.3 1.5 
Nickel 18 130 (0) - 20 53 
Selenium 18 595 (0) - <1 <1 
Zinc 18 40432 (0) - 79 580 

pH 18 - - 7.5 8.4 
Tot Cyanide 10 17 (0) - <1 5 
Free Cyanide 10 - - <1 <1 

Organics  

Benzo(a)anthracene 18 7.6 (3) - <0.2 25 

Benzo(a)pyrene 18 1.0 (13) 18.6* (2) <0.1 26 
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Determinand Analyses 

GAC for 
residential 

without plant 
uptake 

(Number > 
GAC) 

DQRA derived 
SSAC 

(Number > 
SSAC) 

Min Max 

Benzo(b)fluoranthene 18 10.0 (2) - <0.1 26 

Benzo(k)fluoranthene 18 10.0 (2) - <0.2 15 

Chrysene 18 10.0 (2) - <0.5 22 

Dibenz(ah)anthracene 18 1.0 (2) - <0.2 2.8 

Indeno(123cd)pyrene 18 10 (2) - <0.2 12 

Naphthalene 18 3.9 (1) - <0.05 5.3 

All units mg/kg except pH, values in brackets indicate the number of locations where GACs are exceeded. # 
assuming all mercury is present as methyl mercury.  *SSAC derived by DQRA for cemetery use (Ref. 7).  
GACs based on 2.5% Soil Organic Matter.  

Inorganics 

Metals and metalloids were recorded at concentrations below the GAC for residential without plant 
uptake use, with the exception of lead with concentrations above the GAC recorded in three 
samples.   

Further statistical assessment on contaminants recorded at concentrations above GAC (lead) is 
presented in Section 6.1.3. 

Copper and zinc were also recorded at concentrations below phytotoxic guideline values in all the 
samples (190mg/kg copper, 720mg/kg zinc – Dutch Intervention Values).   

Organics 

PAHs were recorded at concentrations above the GAC for residential without plant uptake use in 
some samples.  The concentration of benzo(a)pyrene was recorded at concentrations above the 
GAC in thirteen samples, while the other PAHs were recorded at concentrations above the GAC in 
between one and three samples.  In previous studies at this site, benzo(a)pyrene was used as an 
appropriate ‘marker compound’ for the PAHs and an SSAC of 18.6 mg/kg was derived by DQRA 
for cemetery use (Ref. 7 including justification for using benzo(a)pyrene as marker compound for 
PAHs).  Benzo(a)pyrene was recorded at concentrations above the SSAC in only two samples.   

Hydrocarbons fractions were recorded at concentrations below the GAC for residential use without 
plant uptake (additivity TPH calculation sheets included in Appendix H).  

BTEX, all other volatile organic compounds (VOCs) and phenol were recorded at concentrations 
below the GAC for residential use in all samples.   

Further statistical assessment on contaminants recorded at concentrations above the GAC / SSAC 
(benzo(a)pyrene) is presented in Section 6.1.3.  

Older Fill (made ground placed prior to 2003) 

A summary of the chemical analysis is presented in the table below.   
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Table 6.3: Inorganic & Organic Contaminants – Older Fill (screened against Human Health GAC for 
residential without plant uptake use and SSAC where available) 

Determinand Analyses 

GAC 
residential 

without plant 
uptake 

(Number > 
GAC) 

DQRA derived 
SSAC 

(Number > 
SSAC) 

Min Max 

Inorganics  

Arsenic 16 35 (0) - 13 24 
Cadmium 16 11.6 (0) - <0.2 2.7 
Chromium  16 3012 (0) - 38 57 
Copper 16 6203 (0) - 38 140 
Lead 16 450 (0) - 36 240 

Mercury 16 11# (0) - <0.3 0.7 
Nickel 16 130 (0) - 34 61 
Selenium 16 595 (0) - <1 <1 
Zinc 16 40432 (0) - 110 1500 
pH 16 - - 7.2 8.4 

Tot Cyanide 5 17 (0) - <1 <1 
Free Cyanide 5 - - <1 <1 

Organics  

Benzo(a)anthracene 16 7.6 (4) - <0.2 25 

Benzo(a)pyrene 16 1.0 (12) 18.6* (1) <0.1 25 

Benzo(b)fluoranthene 16 10.0 (4) - <0.1 25 

Benzo(k)fluoranthene 16 10.0 (2) - <0.2 14 

Chrysene 16 10.0 (5) - <0.05 24 

Dibenz(ah)anthracene 16 1.0 (3) - <0.2 2.9 

Indeno(123cd)pyrene 16 10.0 (1) - <0.2 12 

Naphthalene 16 3.9 (1) - <0.05 0.62 

All units mg/kg except pH, values in brackets indicate the number of locations where GACs are exceeded. # 
assuming all mercury is present as methyl mercury.  *SSAC derived by DQRA for cemetery use (Ref. 7).  
GACs based on 2.5% Soil Organic Matter.  

Inorganics 

Metals and metalloids were recorded at concentrations below the GAC for residential without plant 
uptake use in all samples.   

Copper and zinc were also recorded at concentrations below phytotoxic guideline values in all the 
samples (190mg/kg copper, 720mg/kg zinc – Dutch Intervention Values).   

Organics 

PAHs were recorded at concentrations above the GAC for residential without plant uptake use in 
some samples.  The concentration of benzo(a)pyrene was recorded at concentrations above the 
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GAC in twelve samples, while the other PAHs were recorded at concentrations above the GAC in 
between one and five samples.  Benzo(a)pyrene was recorded at concentrations above the SSAC 
in one sample.   

Hydrocarbons fractions were recorded at concentrations below the GAC for residential use without 
plant uptake (additivity TPH calculation sheets included in Appendix H).  

BTEX, all other volatile organic compounds (VOCs) and phenol were recorded at concentrations 
below the GAC for residential use in all samples.   

Further consideration of the single benzo(a)pyrene exceedence of the SSAC is presented in 
Section 6.1.3.   

6.1.3 Statistical Assessment of Soil Data  

Recent Fill  

Lead  

Three samples of lead were recorded at concentrations above the GAC for residential use.  In 
previous investigations of this fill material in 2008 and 2009, elevated lead was recorded in six out 
of eighty samples analysed (Ref. 7).  If the data bases from 2008 and 2009 are combined with 
2013, there are nine lead exceedences out of ninety-eight Recent Fill samples analysed.  There is 
no field evidence that the samples with elevated lead were from material that is visually distinct 
from the remainder of the Recent Fill.  It is therefore appropriate to carry out a statistical 
assessment of the lead data (from combined 2008, 2009 and 2013 investigations) to understand 
the probability and likelihood of potential receptors coming into contact with lead.  The statistical 
approach is in accordance with CLAIRE (Ref. 13).  The results of this assessment are summarised 
in the table below.  

Table 6.4: Statistical Assessment Summary for Lead (data from 2008, 2009 & 2013) 

Determinand Data Distribution Statistics 
Used 

Chebychev 95% Upper 
Confidence Limit 

(UCL95) 
GAC residential use 
without plant uptake 

Recent Fill (98 samples) 
Lead Non normal  Chebyshev 276.78  450 

The Chebyshev 95% Upper Confidence Limit (UCL95) for lead in the Recent Fill is significantly 
lower than the GAC for residential without plant uptake use.  The concentrations of lead are 
therefore considered acceptable for the proposed cemetery use (note – the residential without plant 
uptake GAC is considered a conservative threshold for cemetery use).   

PAHs  

Benzo(a)pyrene is assessed as a marker compound for the PAHs.  In the 2013 investigation, two 
samples of benzo(a)pyrene were recorded at concentrations above the SSAC derived for cemetery 
use.  In previous investigations of this fill material in 2008, 2009 and 2011, elevated 
benzo(a)pyrene (>SSAC cemetery use) was recorded in ten samples analysed with concentrations 
up to 300mg/kg (Refs. 7 & 8).  Exploratory locations with samples containing above 18.6mg/kg are 
highlighted in the Contamination Plan, Figure 5.   

All the data for the recent fill has been divided based on descriptions of the strata that the sample 
has been taken from.  Two elevated results (160 and 300mg/kg) from TP101, where a tyre and 
waste material with a decaying odour was noted, have been removed from the dataset as the 
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material encountered at the location differs from other exploratory holes.  The remaining samples 
have been divided into those from black ashy strata (Impacted made ground) and those without 
black ashy material (Remaining made ground). 

The two data subsets have been statistically assessed in accordance with CLAIRE (Ref. 13).  The 
statistical assessment of the data is summarised in the table below.   

Table 6.5: Statistical Assessment Summary for benzo(a)pyrene (data from 2008, 2009, 2011 & 2013) 

Determinand Data Distribution Statistics 
Used 

95% Upper Confidence 
Limit (UCL95) 

SSAC Cemetery Use 
(Ref. 7) (number 

exceeding SSAC) 
Recent Fill – impacted made ground (25 samples) – with black ashy strata 
Benzo(a)pyrene Non normal  Chebyshev 89.2 18.6 (4) 
Recent Fill – remaining made ground (90 samples) 
Benzo(a)pyrene Non Normal  Chebyshev 8.03 18.6 (6) 

The Chebyshev 95% Upper Confidence Limit (UCL95) for benzo(a)pyrene in the ‘remaining made 
ground’ of Recent Fill is significantly lower than the SSAC for cemetery use.  However, the 
Chebyshev 95% Upper Confidence Limit (UCL95) for benzo(a)pyrene in the ‘impacted made 
ground’ of Recent Fill is significantly higher than the SSAC for cemetery use.  The statistical 
assessment for the impacted made ground should be viewed with caution due to the small size of 
the data base; never the less, benzo(a)pyrene was recorded at concentrations significantly above 
the SSAC in four of the samples (up to 270mg/kg) and many of the other samples, whilst below the 
SSAC, contained higher benzo(a)pyrene concentrations than typical of natural UK soils.  

The concentrations of benzo(a)pyrene in the remaining made ground are therefore considered 
acceptable for the proposed cemetery use, but the concentrations of benzo(a)pyrene in the 
impacted made ground as well as those within TP101 with the tyre and waste decaying odour are 
not considered acceptable in near surface soils for the proposed cemetery use.   

Older Fill  

Benzo(a)pyrene was recorded above the SSAC in the Older Fill in only one sample (TP10 at 
0.05m).  Gravel fill was logged beneath this sample position which may represent a former access 
route / path / roadway.  It is possible that the elevated benzo(a)pyrene relates to this former access 
route / path and the presence of high PAH material such as clinker.  Given that this localised 
contamination appears to relate to a specific contamination source (the former access route / path), 
statistical assessment of the Older Fill as a whole is not considered appropriate.   

6.2 Asbestos Screening  

Asbestos was not identified in any of the thirty samples analysed in 2013.  

6.3 Other Contamination Identified in Previous Investigations 

Other contamination identified in the Recent Fill in previous investigations was as follows:  

 Localised TPH contamination above GAC for residential end use associated with elevated 
PAH concentrations (Refs. 4, 6 & 7);  

 Elevated total cyanide identified in single sample – risk could not be established as free 
cyanide was not analysed (Ref. 4); 



Land Quality Assessment, Phase 2, Area Z, Camberwell Old Cemetery  

     
 
C:\Users\DAnderson\Documents\Organice\danderson\http\dmca-uk.skmconsulting.com\80\sites\JL30708\DmcaConsult\Deliverables\Reports\Site 
Investigation September 2013\Final\LQA Phase 2 Area Z Camberwell Old Cemetery Nov 2013 Final vs1.docx PAGE 21 

 Asbestos (chrysotile) fibres identified in single sample (Ref. 4).  
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7 Conceptual Model and Environmental Risk 
Assessment 

The following are the main features of Area Z at the Camberwell Old Cemetery which, together with 
the sources, pathways and receptors in the following risk assessment, form the conceptual model 
for the site.  Information has been utilised from the current investigation and previous investigations 
(2008, 2009 and 2011).   

 The site comprises an area of approximately 1 hectare and is covered by grass, shrubs and 
trees.   

 The site has historically been used for cemetery use but in recent years has become 
overgrown with no new burials added.  Additional made ground was imported to the site in 
2003 (‘Recent Fill’).   

 Made ground deposited in 2003 (Recent Fill) covers the south-east and central areas of the 
site and extends from ground level to a maximum depth of 4.1m.  

 Made ground deposited prior to 2003 (‘Older Fill’) is present both beneath the Recent Fill and 
from the ground surface where the 2003 material is absent.  A thickness of up to 2.3m of Older 
Fill was encountered.  

 The site is underlain by Unproductive Strata (London Clay, which is estimated to be 12m thick) 
and there are no surface water bodies or ecologically important sites within 500m of the site. 

 Identified potential receptors are humans.   

7.1 Risk Assessment  

7.1.1 Identified Sources  

The current investigation has confirmed the presence of up to 4.1m of made ground deposited in 
2003 and up to 2.3m of made ground deposited prior to 2003.  Using chemical data from the 
current and previous investigations, the following contamination sources are identified; 

 Localised benzo(a)pyrene within the Recent Fill comprising: 

a) ‘impacted made ground’ dataset with black ashy material - Chebyshev 95% Upper 
Confidence Limits for benzo(a)pyrene of 89 mg/kg compared to an SSAC for cemetery 
use of 18.6mg/kg.  The ‘impacted made ground’ data set included samples from WS101, 
WS104 & 108 (2008) and EWS1, EWS2, EWS5, EWS9, EWS15, EWS16, EWS17 & 
EWS18 (2009);  

b) made ground containing waste material with a tyre and decaying odour at TP101 
(benzo(a)pyrene concentrations of 160 and 300mg/kg).   

 Localised benzo(a)pyrene within Older Fill (single sample with benzo(a)pyrene concentration 
marginally above SSAC for cemetery use).  Considered likely to relate to discrete source 
comprising former access route / path. 

 Localised TPH within the Recent Fill - concentrations of TPH in three samples were recorded 
above the GAC for residential use.  Samples with elevated TPH included TP101 (2008) and 
EWS5 (2009).  Corresponds with locations of exceedences of benzo(a)pyrene and waste 
materials and black ash respectively.  
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 Total cyanide in single sample from Recent Fill (total cyanide was recorded at a concentration 
marginally above the GAC for residential use in a single sample from TP101 in 2008.  Elevated 
cyanide has not been recorded in any of the subsequent investigations in 2009, 2011 and 
2013, and free cyanide was not detected in twenty nine analyses of Recent Fill samples 
collected in 2011 and 2013).  Corresponds with location of exceedence of benzo(a)pyrene and 
TPH. 

 Asbestos (chrysotile) fibres in single sample from Recent Fill (identified in WS104 0.7m in 
2008, but no asbestos was identified in fifty-seven other samples collected and analysed in 
2009 or 2013).  

7.1.2 Identified Pathways  

Potential environmental fate and exposure pathways specific to Area Z if used as a cemetery: 

 Direct contact, ingestion or inhalation. 

7.1.3 Identified Receptors  

Potential receptors specific to Area Z if used as a cemetery: 

 Humans – construction workers, maintenance workers, future users (grave diggers, visitors to 
graves, cemetery maintenance staff, general public). 

Controlled waters have not been considered as a receptor due to the presence of non-productive 
strata beneath the site and the lack of surface water bodies within 500m. 

7.1.4 Exposure Assessment 

By considering the source, pathway and receptor, an assessment is made for each contaminant 
with reference to the significance and degree of the risk.  In assessing this information, a measure 
is made of whether the source contaminant can reach a receptor, determining whether it is of a 
major or minor significance.  The risks are assessed against the present site condition and future 
use of the land for cemetery use.   

The assessment of risk presented here has therefore been based upon the procedure outlined in 
the Department for Environment, Food and Rural Affairs Statutory Guidance on Contaminated 
Land (Ref. 1).  In addition, the Department, with the Environment Agency and Institute for 
Environment and Health, has also published guidance on risk assessment titled Guidelines for 
Environmental Risk Assessment and Management (Ref. 14).  This guidance states that the 
designation of risk is based upon a consideration of both: 

 The magnitude of probability (likelihood); [takes into account both the presence of the hazard 
and receptor and the integrity of the pathway]. 

 The severity or magnitude of the potential consequence [takes into account both the potential 
severity of the hazard and the sensitivity of the receptor]. 

Under such a classification system a categorisation of risk has been developed and the 
terminology adopted is provided in Appendix I. 
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7.1.5 Tabulation of Environmental Risks 

The table below details the risks associated with the environmental hazards at the site under 
present conditions, construction (including site re-profiling) and future cemetery use.  
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Table 7.1: Potential Environmental Risks at Area Z Camberwell Old Cemetery if developed for 
cemetery use and assuming no remediation  

Source Identified 
Pollutant 

Identified 
Receptors 

Pathways to 
Receptors 

Associated 
Hazard 

[severity] 
Likelihood of Occurrence Risk / 

Significance 

Recent Fill –
(a) -with 
black ash in 
impacted 
made ground 
at EWS1, 2, 
5, 9, 15, 16, 
17, 18, 
WS101, 104 
& 108 and (b) 
waste 
materials at 
TP101 
 

PAHs, TPH, 
Cyanide 

   Source / pollutant description: 
Elevated PAHs –
benzo(a)pyrene UCL95 > SSAC 
for cemetery use 
Rare exceedence of TPH > GAC 
for residential use. 
Very rare exceedence of total 
cyanide > GAC for residential 
use (in single sample) 

 

  Humans  Direct contact, 
ingestion, 
inhalation  

Health Risk  
[Medium] 

Potential for exposure if contact is 
made with the soil.  

 

  a) Current users 
– cemetery staff 
and public (area 
fenced, not 
currently used 
for new burials) 

  Unlikely 
Exposure unlikely as ground not 
disturbed   

Low 

  b) Construction 
workers (site re-
profiling works) 

  Likely  
Potential for exposure to soil / 
dust with elevated PAHs but likely 
to be short term.  

Moderate  
(risk can be 
reduced to low 
by appropriate 
management 
and use of 
PPE) 

  c) Future users 
(cemetery staff 
including grave 
diggers, visiting 
public) 

  Likely  
Potential for exposure to soil / 
dust with elevated PAHs. 

Moderate  

Recent Fill 
(WS104)  

*Asbestos       Source / pollutant description: 
Very rare chrysotile fibres (in a 
single sample from 58 
analysed) 

 

  Humans  Direct contact, 
ingestion, 
inhalation  

Health Risk  
[Medium] 

Potential for exposure if contact is 
made with the soil.  

 

  a) Current users 
– cemetery staff 
and public (area 
fenced, not 
currently used 
for new burials) 

  Unlikely 
Exposure unlikely as ground not 
disturbed   

*Low 

  b) Construction 
workers (site re-
profiling works) 

  Low likelihood 
Exposure unlikely as fibres 
identified in only one sample of 
the fifty eight analysed 

*Moderate / 
Low  
(risk can be 
reduced to low 
by appropriate 
management 
and use of 
PPE) 
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Source Identified 
Pollutant 

Identified 
Receptors 

Pathways to 
Receptors 

Associated 
Hazard 

[severity] 
Likelihood of Occurrence Risk / 

Significance 

  c) Future users 
(cemetery staff 
including grave 
diggers, visiting 
public) 

  Low likelihood 
Exposure unlikely as fibres 
identified in only one sample of 
the fifty eight analysed 

*Moderate / 
Low 
 

Older Fill - 
(TP10)  
 

PAHs    Source / pollutant description: 
Very rare Elevated PAHs –
benzo(a)pyrene > SSAC for 
cemetery use (in single 
sample).  Source may relate to 
former access route / path 

 

  Humans  Direct contact, 
ingestion, 
inhalation  

Health Risk  
[Medium] 

Potential for exposure if contact is 
made with the soil.  

 

  a) Current users 
– cemetery staff 
and public (area 
fenced, not 
currently used 
for new burials) 

  Unlikely 
Exposure unlikely as ground not 
disturbed   

Low 

  b) Construction 
workers (site re-
profiling works) 

  Low likelihood 
Contamination very localised, 
potential for exposure to soil / 
dust but likely to be short term.  

Moderate / Low  
(risk can be 
reduced to low 
by appropriate 
management 
and use of 
PPE) 

  c) Future users 
(cemetery staff 
including grave 
diggers, visiting 
public) 

  Low likelihood 
Contamination very localised, 
potential for exposure to soil / 
dust but likely to be short term.  

Moderate / Low  
(risk can be 
reduced to low 
by appropriate 
management 
and use of 
PPE) 

*Asbestos risk requires confirmation from an asbestos specialist  
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7.1.6 Summary of Risks 

Table 7.2:  Summary of Environmental Risks assuming no redevelopment of Area Z for cemetery 
use without remediation 

Contaminant Sources 
Receptors 

Current Use (fenced off, 
not used for new burials) 

Construction Workers 
(site re-profiling works) 

Future Cemetery 
Users  

Recent Fill – localised PAHs, 
rare TPH, very rare cyanide) Low Moderate Moderate  

Recent Fill – very rare asbestos* *Low *Moderate / Low *Moderate / Low 

Older Fill – localised 
contamination - very rare PAH Low Moderate / Low Moderate / Low 

*Subject to confirmation from asbestos specialist  
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8 Potentially Unacceptable Risks and 
Preliminary Remediation Strategy  

8.1 Potentially Unacceptable Risks 

Moderate / low potential risks or above are likely to be unacceptable in the context of the proposed 
cemetery development and may require remediation.  The following potentially unacceptable risks 
to construction workers and future cemetery users were identified from: 

 Localised PAH contamination within the Recent Fill (black ashy material in ‘impacted made 
ground’ and made ground with waste materials at TP101) – also contains elevated TPH at two 
locations and total cyanide at one location);  

 Very localised PAH contamination at single location in Older Fill, considered to be related to 
former access route / pathway; and  

 Single sample from Recent Fill with asbestos fibres.  

8.2 Preliminary Remediation Strategy  

The following remedial measures are required to ensure that made ground re-profiled at the site 
will pose an acceptable risk to human health for future cemetery use of Area Z.  This preliminary 
strategy relates only to chemical contamination and does not address physical or aesthetic 
suitability.   

8.2.1 Removal of Localised PAH Impacted Made Ground from Recent Fill  

The following areas of made ground require removal from site (indicative areas of made ground for 
removal are shown on Figure 5); 

Black ashy impacted made ground in vicinity of WS101, WS104, WS108, EWS1, EWS2, 
EWS5, EWS9, EWS15 to EWS18 and waste material containing a tyre and decaying odour in 
TP101 – benzo(a)pyrene range up to 300mg/kg.  The geological logs for these exploratory 
positions are included in Appendix J and visual / olfactory contaminated was recorded as 
follows: 

 WS101 – black sandy gravels / black ashy sand / black clay with ash 1.40 - 2.80m  
 WS104 – black ashy material and grey clay stained black 1.35 – 3.5m 
 WS108 – sandy clay including ash 0.5 - 3.5m  
 EWS1 – black clayey sand and sandy gravel with ash and slight fuel odour 0.8 – 3.5m 
 EWS2 – black ashy sand and gravel / black ashy gravel 0.6 – 2.3m  
 EWS5 – black ashy gravel 0.6 - 3.6m 
 EWS9 – black ashy clay / black ashy gravels 1.6 – 3.1m 
 EWS15 – black ashy gravels 2 - 2.5m  
 EWS16 – black stained clay with ash, black gravels of ash 1.85 - 3m 
 EWS17 – black and grey ashy gravels 3.4 - 4.5m 
 EWS18 – black ashy gravels 0.95 – 1.2m 
 TP101 – made ground including wood, glass, plastic and 1 car tyre 0.2 – 0.7m and 

black sandy clay with plastic, wood, metal, paper and degrading waste odour 1.5 – 
2m 
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Note – the visual contamination above is not continuous through the made ground but rather is 
present intermittently.  

The visually black ashy material and localised waste material with decaying odour should be 
selectively excavated into separate stockpiles from the remaining material under the full time 
direction of an experienced environmental consultant.  The visually contaminated material will be 
removed off site to an appropriately permitted disposal / treatment facility following waste 
classification.  The area of the site to be excavated with selective removal of visually impacted 
material is shown on Figure 5.  Although, as the area has not been fully delineated, the excavation 
may need to be larger than the area identified on Figure 5.  Given that visual / olfactory indications 
of contamination described above have not been recorded in all positions in this area, it is 
estimated as a worst case average that a thickness of approximately 2m of material will require 
removal from across this area.   

Following selective removal of the material identified above, it is recommended that validation soil 
samples are taken from stockpiles of material free of visual olfactory indications of black ash and 
waste decaying odour contamination and recorded benzo(a)pyrene concentrations compared 
against the SSAC for cemetery use (18.6mg//kg).  If further exceedences are recorded, additional 
removal may be required, although it is recommended that an average of the validation results is 
compared with the threshold in the first instance.  Waste classification will need to be confirmed 
prior to removal of the impacted material to an appropriately permitted disposal / treatment facility.   

Removal of the material identified above will ensure removal of the PAH impacted material.  
Statistical assessment presented in Section 6.1.3 derived a Chebychev UCL95 of 8.03mg/kg 
benzo(a)pyrene for the remaining Recent Fill made ground following removal of PAH impacted 
made ground.  This concentration is significantly lower than the SSAC for cemetery use.  

8.2.2 Management of Localised PAH Impacted Made Ground in Older Fill  

A marginally elevated PAH concentration (relative to the cemetery SSAC) was recorded in a single 
sample (TP10) from the Older Fill.  The elevated concentration was recorded in a surface sample 
(0.05m), and it is considered likely that the contamination relates to an elevated PAH component in 
the former access route / path (such as clinker or charcoal).   

Whether or not this material needs to be removed or not depends on the proposed use of the 
material.  If the Older Fill is to be left in place and not re-profiled, but instead covered with 
additional fill to allow more burials, the impacted material would not need to be removed (as the 
contaminant linkage between the impacted soil and human receptors would be broken by the 
overlying additional fill).  However, if the impacted material was to be excavated for new burials, it 
would require removal due to the exceedence of the SSAC for cemetery use.   

Therefore the detailed cemetery design needs to be clarified to establish whether the risk related to 
this contamination will be mitigated by clean cover or whether off-site removal is necessary to 
mitigate the risk.  It should be noted that the remainder of the former access route may contain 
similar elevated levels of PAHs.  

8.2.3 Asbestos  

The risk posed by chrysotile fibres identified in a single sample in 2008 (remaining fifty-seven 
samples analysed between 2008 and 2013 recorded no fibres) needs to be confirmed by an 
asbestos specialist who would also advise as to whether any remedial action is required.  
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8.2.4 CLAIRE Code of Practice for the Definition of Waste  

The re-use of excavated material at the site during the re-profiling of the site should be completed 
in accordance with the CLAIRE Code of Practice for the Definition of Waste (CoP) (Ref. 15).  
Chemically unacceptable material identified above will be removed off-site for appropriate disposal 
/ treatment as waste.  Physically unsuitable material requiring screening or other physical treatment 
to make it suitable for cemetery use will be waste until processed, after which it can be placed as 
fill as non-waste under the CoP.  Chemically and physically suitable material not requiring any 
treatment can be reused as fill directly as non-waste under the CoP.  The code requires a watching 
brief to be carried out throughout a project in order to identify and manage any unforeseen 
contamination.  In Area Z, the watching brief should be particularly vigilant with respect to asbestos 
(identified in the laboratory in WS104 at 0.7m).  Any visual or olfactory indications of contamination 
should be assessed under the direction of an environmental consultant, normally through 
segregation and chemical testing.   

If excavated made ground is to be re-used at a second development site, this must be completed in 
full compliance with the CLAIRE CoP.  The Direct Transfer of made ground from one site to 
another is not allowed unless there is an appropriate Environmental Permit or Waste Exemption at 
either the donor or receiver site.  The activity covered by the Permit or Exemption may be complex 
such as a remediation technology or as simple as a sorting, segregating and / or screening 
operation.  The activity should result in a material which is suitable for use without any further 
processing and therefore a non-waste providing a number or other key conditions are met (such as 
planning permission being in place at receiver site and the principal that the transfer of materials 
must not increase the level of risk to the environment than already exists at the receiver site).  

8.2.5 Supervision and Regulator Consultation  

The remediation works should be supervised by an environmental consultant who will record the 
ground conditions encountered, direct the excavation to remove visually contaminated soil and 
complete validation tests.  The remainder of the re-profiling works should be attended by personnel 
suitably experienced to maintain a watching brief and identify any visual and / or olfactory 
indications of contamination in the material excavated. The validation works should be recorded in 
a Verification Report. 

The remediation strategy should be approved by the Local Planning Authority in accordance with 
the National Planning Policy Framework (Ref. 3).  In addition, a Declaration must be made to the 
Environment Agency for any material re-use in accordance with the CLAIRE CoP.  

8.2.6 Risk during Re-profiling Works  

Risks from contamination during the re-profiling of the site and possible physical processing of the 
fill materials will require careful consideration and mitigation measures will need to be included in 
method statements.  Typical contaminated land management measures should be employed such 
as; dust suppression, wearing of appropriate Personal Protective Equipment (PPE) and potentially 
Respiratory Protective Equipment (RPE), avoiding direct contact with soil and good hygiene 
practice.  
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Figure 1 – Site Location Plan  
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Figure 2 – Site Location within Cemetery 
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Figure 3 – Site Layout  
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Figure 4 – Exploratory Positions 
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Figure 5 – Localised Contamination Plan  
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Appendix A Contamination Plan (2008, 2009 & 
2011 investigations)  
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Contaminant     Depth mbgl  Concentration mg/kg
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Contaminant     Depth mbgl  Concentration mg/kg
Benzo (a) Pyrene 0.7 28

Contaminant     Depth mbgl  Concentration mg/kg
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Contaminant     Depth mbgl  Concentration mg/kg
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Contaminant     Depth mbgl  Concentration mg/kg
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