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SUMMARY 

Project Background 

Investigation for cemetery sites require the detection (i) of a wide range of different contaminant groups, (ii) at 

typically very low to concentrations (if present), (iii) natural and geological impacts on the proposed developments; 

and (iv) with important human and ecosystem health effects, if undetected.  The issues of interment and how we 

deal with the deceased in general transect disciplines of natural science, engineering and social science.  Given the 

sensitive nature of interment and the established notions of acceptable practice at an individual and personal level, 

assessment of cemeteries is often frowned upon as being an infringement on people’s humanity.  Cemeteries are, 

therefore, considered to require understanding of environmental or sanitary aspects, geotechnical or engineering 

aspects, and social aspects. 

The project detailed in this report developed as part of a long-term series of projects on vadose zone hydrology.  

Detailed concisely in Box 1, the development of the research topic fits into the broader context as follows: 

• Vadose zone hydrology, notably of the interstitial (primary) vadose zone and applied to a variety of 

anthropogenic changes (2011-2014 – published as Dippenaar et al., 2014, report TT 583/14) 

• Intermediate vadose zone hydrology, related to the mechanical and hydraulic properties of the 

fractured (secondary) vadose zone (2013-2016 – not yet published; project K5/2326) 

• Contaminant transport and unsaturated flow systems at the hand of cemeteries (2015-2018 – this 

document; project K5/2449) 

• Karstic vadose zone hydrology, related to the mechanical and hydraulic properties of the karstic 

(tertiary) vadose zone (2016-2019 – in progress; project K5/2523) 

• Complex and anthropogenically altered vadose zone, related to the interaction between urban 

development and the subsurface water flow and quality (2018-2021 – in progress; project K5/2826). 

Case Studies and Experimental Work 

Case studies overlap between these projects.  Subsequently advances made are based on collation of extensive 

literature studies and field and laboratory studies.  Experimental and field studies incorporated into this project form 

part of the vadose zone research projects and are listed chronologically as Vadose Zone Study Areas (VZSAs).  Those 

pertaining to this project include: 

• VZSA3: Temba Cemetery: site characterization (Dippenaar et al., 2014) 

• VZSA4: Corrosion of burial materials; leaching of metals and formaldehyde from cemeteries 

• VZSA5: Unsaturated flow through the soil-rock interface 

• VZSA6: Fontein Street Cemetery: isotopes, hydraulic tests, water quality 

• VZSA7: Welmoed Cemetery: isotopes, hydraulic tests, water quality 

• VZSA8: Microbiology from cemetery sites 

Investigation Guidelines 

Proposed guidelines improve data acquisition to better assess risk posed to man, development, and the environment 

through land use change to cemeteries.  Risks assessed include those related to human and ecosystem health, and 

the safety of people on site and the general public.  Building on existing best practice, standards and appropriate 

legislation, assessment protocols for engineering geological/ geotechnical and hydrogeological/ geohydrological 

investigation are supplied.  These can be used as terms of reference in tenders or requests for proposals to ensure 

comparable and adequate scopes of work.   

For completion of environmental impact assessments (EIAs) and water use licenses (WULs), Phase 2 investigations 

conducted by professionally registered competent specialists are required.  Recommendations should include 

continuous environmental monitoring. 



>>   Environmental Risk Assessment, Monitoring and Management of Cemeteries   << 

 >>   v   << 

Box 1. Project Summary. 
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Novel Findings 

For this particular study, relevant to cemeteries, the following main findings resulted: 

• Environmental conditions affecting the leaching, mobility and persistence of selected metals have been 

addressed.  Mostly, leachate from sands are more enriched (possibly solely due to the higher rate of 

seepage through sands given higher permeabilities), although clays are more corrosive to metals.  

Retention of moisture in clayey soils is very likely the reason as to why less flow is observed than in 

sandy soils.  Low pH, intermittent water supply, unsaturated conditions, fine-textured soils, and warmer 

temperatures are some of the controls enhancing corrosion of metals.  Metals tend to mobilise fairly 

soon on, but at highest concentrations around week 16-24 of experiments.  This may very likely continue 

beyond 6 months, at higher or lower rates. 

• Environmental conditions affecting the leaching, mobility and persistence of formaldehyde have been 

addressed.  Formaldehyde did not appear to affect the plate counts of E. coli and break down within 

days in the subsurface.  However, formaldehyde keeps on leaching out in the first days to weeks, with 

highest concentrations leaving the system around week 8 of experiments. 

• Flow at partial saturation from soil into fractured bedrock is complex, but affects natural flow and any 

cutting or excavation such as a grave.  Dispersion plumes are found to exist in soils over open fractures 

due to capillary barriered scenarios, from where various flow mechanisms result.  Saturation tends to 

decrease with depth in the fracture, coupled with increasing flow rates to maintain continuity. 

• Some E. coli were found to be antibiotically resistant at one of the field study sites.  Although this might 

not necessarily be a result of the cemetery itself, it does inform about the behaviour of certain 

microorganisms in the vadose zone. 

• The use of isotopes in vadose zone systems entailing interflow, perched water tables, and interaction 

between the surface water and groundwater have been highlighted in adding more detailed 

understanding to the complex subsurface flow systems affecting and affected by cemeteries.  Using 

isotope results together with hydraulic and laboratory data improves results and subsequently 

understanding of the complex flow systems. 

• Geological complexity is added to conceptual models through addressing a wide variation of different 

earth materials, climatic regimes, and land uses. 
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1. ABOUT THE PROJECT 

1.1. Project Rationale 

Throughout history, almost all societies have employed different practices for disposing of the dead.  Burial sites 

ranged from the pyramids of Egypt to mass graves for those deceased during wars.   

Burial of the dead in cemeteries has been the traditional practise in more recent times.  The siting of cemeteries has, 

however, changed over time.  During Roman times, cemeteries were located outside the borders of the towns; 

between the 10th and  19th centuries, parish churchyards were popular; and from the 19th century, burial outside the 

towns borders became the norm again (Cemeteries and cemetery reform forum n.d.).  Burial sites were determined 

by social factors such as economic status of deceased, land ownership, religious affiliation and kinship patterns 

(Cottle, 1997).   

It was in the mid-19th century that the health hazards associated with burials became known.  According to Tarlow, 

(2000), the first person to recognize the health hazards of cemeteries was the British surgeon Dr George Alfred 

Walker in 1839.  Warnings about the dangers of burying the dead near water sources were given further impetus 

with research conducted by Snow in 1854, in which he established a clear link between water and cholera (Cork City 

Council n.d.).  Consequently, it became widely recognized that water from wells could be contaminated by raw 

sewage as well as by decaying bodies.  Subsequently, the opening of new cemeteries within city and town boundaries 

was prohibited throughout Europe and North America (Ann’s Studio n.d.).  Research conducted over the last century 

and a half has indicated that cemeteries are potentially even more hazardous than previously thought.   

Bodies decompose, and during this process, leachates that contain bacteria, viruses and organic and inorganic 

chemical decomposition products are produced.  Pathogens such as Anthrax, Smallpox and TB are known to survive 

in soil and water and some are even able to multiply if soil conditions are favourable (Dent, 

www.science.uts.edu.au/des/StaffPages/BoydDent/story).  It is therefore possible that certain pathogenic bacteria 

and viruses could percolate to groundwater, spreading diseases such cholera, smallpox typhoid and hepatitis A (Ford, 

1999).  

Other contaminants include arsenate pentachlorophenol and formaldehyde – a known carcinogen – released from 

burial materials and embalming fluids (Best Available Science, 2004; Goodman, 2006; WHO, 1998).   Furthermore, 

coffins also decompose, and are usually fitted with metal handles, hinges and accessories, and many are varnished 

or painted.  A wide range of heavy metals and other potentially harmful compounds may be released from coffins to 

eventually seep into the groundwater, and from there to boreholes or streams (Bitton et al., 1983; Dent, n.d.; Rogers, 

2004; Vass, 2001).  

Chemicals that may be released to groundwater include substances such as arsenic and mercury which were used in 

embalming and burial practices in the past, varnishes, sealers and preservatives used on wooden coffins and metals 

such as lead, zinc, copper and steel from metal coffins, from handles, hinges and for decorative purposes (Spongberg 

and Becks, 2000).  The possibility, therefore, exists that harmful persistent toxins and heavy metals may be 

transported from the graves through seepage and leach into groundwater, posing environmental and human health 

risk.   

The first comprehensive studies that were carried out to analyse groundwater and surface water in cemeteries and 

also in areas surrounding the cemeteries were conducted by Dent and Knight (1998) in Australia between 1996 and 

1998.  They identified potentially harmful elements from decaying bodies in ground water aquifers below cemeteries 

in diverse environmental settings.  They further showed that rainwater plays a major role in transporting 

contaminants to the groundwater beneath graves.  However, the risk of groundwater contamination through 

leachate from cemeteries is not uniform as it is influenced by a number of physical and other factors, the most 
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important being the soil characteristics (type of soil, depth, pH, permeability and porosity), climate (rainfall and 

temperature), geology, the hydrological setting, and terrain features. 

Until recently, the most important factors in establishing cemeteries were the type of soil (it had to be sufficiently 

soft and deep to facilitate digging), accessibility and proximity of existing habitation (Lotz, personal communication, 

2007).  This resulted in numerous cemeteries being located in areas subjected to flooding, in wetlands, in swamps, 

on drainage lines, on cliff edges, close to wells and water tables, and in ecologically sensitive ecosystems (Dent n.d.).  

Not much thought was given to potential risks to humans or the impact on the environment (WHO, 1998).  

The correct siting of cemeteries is of the utmost importance for human health of nearby communities.  Unfortunately, 

this was neglected in the past and Dent comments that “… proposals for cemetery development do not seem to 

generate the high level of investigation and geoscientific focus that landfills do” (Dent n.d.).  These are serious 

deficiencies and are becoming a matter of global concern.  

1.2. The South African Situation 

In South Africa, as is the case worldwide, groundwater is becoming increasingly important for human needs as the 

quality of renewable water is deteriorating due to the pollution of rivers (Knight, 1996).  At present, almost 60% of 

the country’s rural communities rely on groundwater resources (Pienaar et al., 2007).  Although there are many 

problems associated with groundwater quality, they are aggravated by the very high rates of urbanisation and 

population growth.  

Urban areas are expanding and encroaching into former rural areas.  Thus, cemeteries that were once far removed 

from urban areas, are now surrounded by residential developments and people use water from boreholes located 

adjacent to cemeteries (Tumagole, 2005).   

The South African population is not only growing, but is also ageing.  In 2000, only 5.9% of the population was over 

the age of 60, but in 2005 this reached 6.8% (STATS SA, 2007).  The death rate is further increasing due to the high 

incidence of HIV/AIDS (Clark, 2002; Development Works, 2005; Noble, n.d.; Richards et al., 2004).   

Traditional burial is still the preferred method of disposing of bodies (Development Works, 2005) and, according to 

The Cremation Society of Great Britain (2004), only about 3% of the dead in South Africa are cremated. 

The rapidly increasing population, increased urbanisation, and the increasing death rate are creating unprecedented 

development pressures and demand for land.  This ‘race for space’ is already a major concern in KwaZulu-Natal and 

Gauteng where the increasing numbers of HIV/AIDS deaths have resulted in large numbers of informal burials, as 

there is no longer space in formal cemeteries.  Hundreds of hectares are being dug up for gravesites in parts of the 

country with little cognisance of the ecological impact and dangers of seepage into groundwater that supplies 

communities with drinking water (Clarke, 2002).  It has been reported that many bodies are buried in makeshift 

graves, usually in soft soil, and that these skeletons and decomposed bodies are often washed into watercourses 

during heavy rain or flooding (Sunday Independent, 2003).  These informal burials may have to do with the shame of 

a relative dying from AIDS or the inability to pay for a formal burial (Development Works, 2005). 

The competition for land and the development of new cemeteries is becoming a major problem to urban planners 

and developers.  As land suitable for burial is difficult to find, recycling of graves is becoming necessary (The Herald, 

2008; Cape Times, 2008).  This involves the reuse of the same gravesite for more than one body.  When recycling of 

the grave involves the burial of unrelated persons it usually includes the exhuming of human remains of the original 

body, which is then reburied at an alternate site (Development Works, 2005).  Sections of cemeteries previously used 

for pauper burials are now being prioritised for recycling purposes (Development Works, 2005).  These practices 

would serve to extend the ‘life’ of a cemetery, but it would also introduce new sources of pollution in erstwhile old 
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and ‘safe’ cemeteries.  The recycling of graves in incorrectly sited cemeteries will only aggravate the pollution 

problem. 

In view of the potential hazards of cemeteries, rules and laws are needed when planning new cemeteries and certain 

factors need to be taken into account.  Until 2004, there was no legislation governing the siting of cemeteries.  Only 

basic guidelines existed (DWAF, 2004; Richards et al., 2004) and, until very recently, many developers did not use 

even these guidelines.  In Cape Town, most of the city’s existing cemeteries are waterlogged and can no longer be 

utilised (This Day, 2004; The Cape Times, 2008).  In November 2006, graves dug in the Welmoed cemetery, Cape 

Town, were flooded with 50 cm of water (Cape Argus, 2007).  Most of the existing cemeteries in Port Elizabeth are 

on floodplains or at the bottom of hills (The Herald, 2006).  During 2008, a number of cemeteries were closed due to 

potential environmental problems.  For instance, the Polokwane cemetery was closed due to potential seepage into 

the Sand River, which supplies a large proportion of the city’s water.  The Dutch Reformed Church cemetery in 

Polokwane was also closed since it is located just above a spring which was used by local communities as a water 

source (Personal communication, Lotz).  In 2005, Tumagole found that the water from boreholes close to cemeteries 

in Digiteng near Tshwane, were contaminated with bacteria and hazardous for human health.   

Moreover, in a study on potential metal contamination at Zandfontein Cemetery in Tshwane, Jonker (2012) and 

Jonker and Olivier (2012) found that cemetery soils and groundwater in the vicinity of the cemetery were 

contaminated with high levels of a variety of minerals (there was more than eight times more manganese, cobalt, 

titanium, caesium and nickel in soils in cemetery soil compared with soils outside the cemetery boundaries.  There 

was 2.5 g/l mercury in a borehole near Zandfontein Cemetery.  This exceeds the DWAF guidelines for drinking water 

(1 g/l) by more than double.  The high mineral content probably originated from the 109 tons of metals that have 

been buried in 60 000 graves over the last 60 years.  These results seem to be in contrast with the Department of 

Water Affairs’ statement in which it is indicated that “… the risk of pollution posed by cemeteries to the quality of 

the water resource, especially the quality of drinking water, is regarded as acceptable, and in most instances, 

negligible…”  However, this statement pertains to bacterial and viral contamination and does not address the 

possibility of health risk due to high mineral concentrations in groundwater.   

In order to address the pollution problem and to avoid groundwater and surface water contamination, a set of 

comprehensive guidelines and criteria has been developed by the Council for Geoscience (CGS) in 2005 (Development 

Works, 2005) and later by Dippenaar et al. (2014) and Dippenaar (2014). The latter conducted a provisional 

assessment of the Temba Cemetery (Tshwane) and proposed guidelines for the vadose zone assessment component.  

The need for proper assessment protocols towards the protection of water resources are clear, given increased 

interments via burial in cemeteries and the concomitant need for protection of proximate groundwater and surface 

water resources.  The CGS recommended that factors that need to be considered are: soil excavatability and 

permeability; stability of grave sidewalls and workability of soil; proximity to domestic water as well as drainage 

features and site surface drainage; site topography/slope; nature of basal buffer zone; size and lifespan of intended 

cemetery; and social and cultural factors.  Dippenaar et al. (2014) elaborated on these and recommend a set of 

minimum requirements as well as a so-called vadose zone assessment protocol. 

Currently, the siting of a cemetery is controlled by legislation (Bloemnuus, 2007).  This legislation indicates that new 

application of the establishment of new cemeteries must include a geohydrological (hydrogeological) survey, 

geotechnical (engineering geological) investigation, archaeological study and an Environmental Impact Assessment 

(EIA) (Bloemnuus, 2007).  Due to legislation it takes up to two years for suitable sites to be identified (Cape Times, 

2008).  

If the guidelines laid down in the legislation are followed, the hazard posed by cemeteries can be significantly 

reduced.  However, existing cemeteries cannot be moved and may not conform to present siting regulation.  These 

could constitute a hazard to human health and the environment.  It is therefore essential to identify those cemeteries 

that are potentially hazardous with regards to mineral contamination and to determine the possible health risk 

associated with these. 
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1.3. Legislative Norms 

In addressing the legislative requirements for the siting, monitoring and management of cemeteries, it becomes 

imperative to understand where cemeteries fall into the legal framework.  This section briefly outlines main 

legislative norms, emphasising the clear absence of very formal requirements for the disposal of the deceased.   

1.3.1. Waste and the disposal thereof 

The National Environmental Management: Waste Act (NEMWA of 2008) supplies the following definitions: 

• “General waste means waste that does not pose an immediate hazard or threat to health or to the 

environment, and includes…” domestic, building and demolition, business and inert waste. 

• “Hazardous waste means any waste that contains organic or inorganic elements or compounds that 

may, owing to the inherent physical, chemical or toxicological characteristics of that waste, have a 

detrimental impact on health and the environment” 

• “Inert waste means waste that… does not undergo any significant physical, chemical or biological 

transformation after disposal; does not burn, react physically or chemically biodegrade or otherwise 

adversely affect any other matter or environment with which it may come into contact; and does not 

impact negatively on the environment because of its pollutant content and because the toxicity of the 

leachate is insignificant”. 

• “Waste” means any substance, whether or not that substance can be reduced, re-used, recycled and 

recovered… that is surplus, unwanted, rejected, discarded, abandoned or disposed of; which the 

generator has no further use of for the purposes of production; that must be treated or disposed of; or 

that is identified as a waste by the Minister…”, and includes waste generated by any sector, but “… a 

by-product is not considered waste; and any portion of waste, once re-used, recycled and recovered, 

ceases to be waste. 

• “Waste disposal activity means any site or premise used for the accumulation of waste with the 

purpose of disposing of that waste at that site or on that premise”. 

NEMWA (2008) implicitly, in s4(d), excludes the disposal of animal carcasses as regulated by the Animal Health Act 

(AHA of 2002).  Although AHA defines an animal to be “any mammal, bird, fish, reptile or amphibian which is a 

member of the phylum vertebrates, including the carcasses thereof”, the somewhat inconspicuous definition is taken 

to exclude humans.  The National Health Act (2003) and the Regulations relating to health care waste management 

in health establishments (Department of Health, 2014) do not directly mention human waste other than those 

resulting from medical procedures. 

The amendment to NEMWA through the National Environmental Management: Waste Amendment Act (2014) 

defines hazardous waste to include “wastes from human or animal health care and/ or related research (except 

kitchen and restaurant wastes not arising from immediate health care), but gives no direct mention of the deceased. 

1.3.2. Water and pollution 

NEMWA (2008), however, does, in section 9, require remediation of contaminated land.  In the instance of detection 

of contamination from cemeteries, NEMWA therefore intrinsically applies.  This is mirrored in the “polluter pays” 

principle of the National Water Act (NWA 1998). 
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NWA (1998) is given authority in s65(1) and s65(2) of NEMWA, as well as in s20 of the Environmental Conservation 

Act (ECA 1989).  Specific mention in s21(a) and s21(b) of ECA (1989) to the involvement of the Minister of 

Environmental Affairs in matters pertaining to land use and transformation, and waste and sewage disposal. 

The Department of Water and Sanitation (DWS; previously DWAF and DWA) is involved in land use planning according 

to s13 of NWA to classify water resources and water quality objectives.  In this context, cemeteries are potentially 

incorporated as possibly damaging aquifers by waste disposal and related activities, through development of 

domestic waste landfills and hazardous waste landfills, and through handling of animal wastes and feedlots.  Further 

mention is made to diffuse sources associated with urban development; peri-urban development.  Based on the 

importance of the aquifer for supply, it should be classified accordingly as (DWAF, 2000): 

• Sole-source aquifer – used to supply >50% of urban domestic water for an area for which there exists 

no reasonable alternative water source 

• Major aquifer – high-yielding system with good quality water 

• Minor aquifer – moderate-yielding system of variable water quality 

• Poor aquifer – low- to negligibly-yielding system of moderate to poor water quality 

• Special aquifer – any aquifer system designated as such by the relevant Minister. 

Water use licenses may be required for water uses stipulated in s21 of NWA (1998) if any water is taken, stored or 

diverted on the site.  This therefore requires licensing if water is to be used for irrigation or any other purpose of such 

land.  For cemeteries, s21(g) specifically mentions the “disposing of waste in a manner which may detrimentally 

impact on a water resource”.   

1.3.3. Land use  

In terms of stability, the Spatial Planning and Land Use Management Act (SPLUMA 2013) define the following 

(verbatim): 

• Land development means the erection of buildings or structures on land, or the change of use of land, 

including township establishment, the subdivision or consolidation of land or any other deviation from 

the land use or uses permitted in terms of an applicable land use scheme 

• Land use means the purpose for which land is or may be used lawfully in terms of a land use scheme, 

existing scheme or in terms of any other authorisation, permit or consent issued by a competent 

authority, and includes any conditions related to such land use purposes. 

In SPLUMA (2013) s25(1)(d), a land use scheme should promote “minimal impact on public health, the environment 

and natural resources”.  Cemeteries, although not implicitly mentioned, is therefore a potential impact and a change 

in land use. 

1.3.4. Safety and geotechnical requirements 

In terms of safety, the Machinery and Occupational Safety Act (MOSA 1983) states that “no persons shall work under 

unsupported overhanging material or in an excavation which is more than 1.5 m deep, which has not been adequately 

shored or braced if there is a danger of the overhanging material or the sides of the excavation collapsing”. 

All associated infrastructure, such as offices, parking areas, crematoria, chapels, and so forth, are subject to SANS 

634:2012 on Geotechnical Investigations for Township Development, and may be amended as appropriate if, for 
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instance, comprising less dense development, if situated on dolomite, or if buildings are to exceed two storeys in 

height. 

1.4. Research Aims and Research Approach 

Investigation for cemetery sites require the detection (i) of a wide range of different contaminant groups, (ii) at 

typically very low to concentrations (if present), (iii) natural and geological impacts on the proposed developments; 

and (iv) with important human and ecosystem health effects if undetected.  Some fundamental research questions 

and case studies are employed to address knowledge gaps.  All complete experimental and case studies are presented 

in the Appendices.  Relevant findings are incorporated into the body of this document.  

The issues of interment and how we deal with the deceased in general transect disciplines of natural science, 

engineering and social science.  Given the sensitive nature of interment and the established notions of acceptable 

practice at an individual and personal level, assessment of cemeteries is often frowned upon as being an infringement 

on people’s humanity.  Nonetheless, it has become inevitable to better understand this land use (Box 2). 

Cemeteries are, therefore, considered to require understanding of: 

• Environmental or sanitary aspects, pertaining to human and ecosystem health, and therefore 

incorporating the entire water cycle  

• Geotechnical or engineering aspects, pertaining to the ease of engineering works and safety, and 

therefore incorporating all mechanical properties of the subsurface 

• Social aspects, pertaining to religious, cultural, constitutional or other rights to burial and association. 

These all overlap to highlight important implications and considerations of cemeteries, including matters around land 

use, water services, and health and safety associated with excavations and water quality. 

The project detailed in this report developed as part of a long-term series of projects on vadose zone hydrology.  

Detailed concisely in Box 1, the development of the research topic fits into the broader context as follows: 

• Vadose zone hydrology, notably of the interstitial (primary) vadose zone and applied to a variety of 

anthropogenic changes (2011-2014; published as Dippenaar et al., 2014, report TT 583/14) 

• Intermediate vadose zone hydrology, related to the mechanical and hydraulic properties of the 

fractured (secondary) vadose zone (2013-2016; not yet published; project K5/2326) 

• Contaminant transport and unsaturated flow systems at the hand of cemeteries (2015-2018; this 

document; project K5/2449) 

• Karstic vadose zone hydrology, related to the mechanical and hydraulic properties of the karstic 

(tertiary) vadose zone (2016-2019; in progress; project K5/2523) 

• Complex and anthropogenically altered vadose zone, related to the interaction between urban 

development and the subsurface water flow and quality (2018-2021; in progress; project K5/2826). 

This report addresses the social (§2,3), environmental/ sanitary (§4,5), and geotechnical/ engineering considerations 

(§6) sequentially.  This is followed by an overview of existing applicable site investigation approaches (§7).  Final 

recommendations are made with a standard protocol for site investigation for existing cemetery sites, as well as for 

the monitoring and management of existing cemeteries (§8-10).  Novel findings are addressed in the summary (§11).  

Supporting case studies are supplied in the later sections (§12-17). 

Results from supporting case studies are incorporated into the relevant sections of the text. 
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Box 2. Considerations with respect to Cemeteries. 
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2. HISTORICAL BACKGROUND 

2.1. Early Hominoids 

The discovery of the burial grounds of Homo naledi in South Africa in the early 21st century casts new insight on 

ancient burial practice.  H. naledi represents the earliest known hominoid species to date (at an estimated age of 1-

2 million years) to have possibly intentionally buried its deceased in the Dinaledi Chamber of the Rising Star Cave 

system in the Cradle of Humankind World Heritage Site in Gauteng (Bothma, 2015; Philips, 2015; Rawood, 2015).   

2.2. Early Homo sapiens 

Within the species of Homo sapiens, of which all living humans form part, ancient graves mostly comprised a mound 

of earth or stones above the body or ashes of the deceased (Moore and Lundell, 2012), and evidence exists of more 

primitive people disposing of corpses in the open, on platforms or in trees (Pearson, 1999).  Preserved specimens 

have been discovered well before Egyptian times with questions about whether embalming was intentional or natural 

(Trochu, 2015). 

2.3. Ancient Egypt 

Although dates are hard to establish, Egyptian ancestors mummified their pharaohs using embalming fluids sourced 

from at least 1000 kilometres from the grave sites.  Carbon dating of the embalming fluids suggests burial between 

4200 and 3150 years ago with a mixture of animal fats and plant sterols with 5-20% composed of pine resin, aromatic 

plant extracts, plant derived sugars and natural petroleum, with many of these ingredients serving antibacterial 

purposes to aid in the preservation of the body (Jones et al., 2014; Perkins, 2015; Philips, 2015).   

Ancient Egyptians coupled the use of embalming fluids with sarcophagi, such as that of the famous king Tutankamen 

from the Valley of the Kings.  The first two coffins were made of cedar and oak wood decorated with green-blue tin-

glazed pottery and a thin layer of gold.  A third coffin was made out of solid glass with each coffin fastened with silver 

strips and nails.  Like a series of Russian dolls, these were nested inside each other and finally in a large quartzite 

sarcophagus (Carter, 2014; Falck and Wettengel, 2008; Ikram and Dodson, 1998; Jones, 2008). 

Burial was expensive and, in the manner of King Tutankamen, a special privilege of a very limited few.  Although some 

material objects were buried with the deceased, some were fully embalmed whereas others were merely washed 

and wrapped in reed matting or simple textiles.  Coffins were scarce, and reuse was quite common during the Third 

Intermediate Period with sarcophagi of the 19th Dynasty generally being excavated after about 150 years or after the 

passing of seven generations when no family remained to perform rituals.  The reused sarcophagi were redecorated 

with 20th Dynasty paints, whilst the poor would use miniature or imitation versions of the sarcophagi, all mostly made 

with granite or wood (Cooney, 2013; Ikram and Dodson, 1998). 
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2.4. Ancient Greece 

Early Romans mainly practiced cremation, but eventually adopted inhumation (burial; interment) resulting in an 
increasing demand for sarcophagi during the later periods.  The ancient Greeks and Romans washed corpses with 
water, wine and essential oils prior to being wrapped for burial.  Sarcophagi – for those who could afford so – were 
made of marble encased in lead (which promoted preservation), whereas wood and limestone were used as more 
affordable alternatives (Deviese et al., 2011; Kampassakali et al., 2003; Papageorgopoulou et al., 2009). 

Wrapping of bodies was common practice in 2900 BC in ancient Greece with evidence of direct treatment of the 

bodies clear through the presence of terpenes in the bone and soft tissue.  As in ancient Egypt, these compounds 

served antibacterial and antifungal functions that, coupled with dehydration substances, preserved the mummy 

(Deviese et al., 2011; Papageorgopoulou et al., 2009). 

2.5. 19th Century America 

The American Civil War of 1861 transformed the way in which the deceased were interred.  Given lack of access to 

battlefields and the costs of transporting the deceased, proper burials as was accepted during the early Victorian Age 

became less possible.  Embalming was eventually employed, but the inefficacy of the methods of the time resulted 

in decomposition initiating prior to arrival of the body at the place of burial (Fraust, 2008; Gagnon, 2015).  Given the 

issues in transport, preservation and identification of the deceased, formal legislation and national cemeteries were 

promulgated two years after the Civil War in 1867 (Niven, 1965). 

The women generally washed bodies, while the men obtained wooden caskets and buried the bodies.  Initially sited 

outside of city boundaries, industrialization and development eventually resulted in cemeteries eventually becoming 

enclosed by development.  It was during this time that funeral practitioners enjoyed popularity for their embalming 

practices and alternative space than the family’s house for storing and handling the corpse (Bern-Klug et al., 1999). 

2.6. The Early 20th Century 

During the early 1900s, embalming fluids mostly comprised arsenic, which is highly toxic and persistent (Konefes and 

McGee, 2001; Singh et al., 2011).  Alternatives of the time included mercury and creosote, both posing very similar 

hazards to those of arsenic (Johnson, 1995). 

Religion has always played a significant role in the handling of the deceased.  Hinduism and Buddhism required 

cremation, whereas Lutherans had to distinct stance (Bern-Klug et al., 1999).  Roman Catholicism opposed cremation 

until the late 20th century, after which it was permitted but not encouraged (Order of Christian Funerals 1990).  Jewish 

practice still prefers burial to cremation (Kastenbaum, 1994). 

2.7. Recent Times 

The late 20th century and early 21st century saw embalming fluids containing formaldehyde, distilled water, phenol 
and glycerol.  10 litres containing 1.5 litres of formaldehyde is required for a 70 kg body (Anat, 1993; Karmakar, 2010).   
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Coffins are mostly wood treated with preservatives to minimise decay and rapid leaching (Spongberg and Becks, 

1999).  Chromated copper arsenate (CCA) was used as treatment for the wood until 2004, but environmental risk has 

since seen these replaced (Janin et al., 2011). 

Coffin paints historically contained toxic metals such as lead, arsenic, mercury, manganese, nickel, copper, vanadium, 

cadmium, zinc and chromium, with many modern paints still containing some of these compounds (Gondal et al., 

2011). 

Recent statistics indicate that an estimated 60 000 tonnes of steel and 18 million litres of embalming fluid are buried 

annually in the United States of America alone which, according to Johnson (2013), is “… enough steel to build eight 

Eiffel Towers and fill eight Olympic size swimming pools”. 

2.8. Moving towards Green Burials 

More than 50 million people die annually with traditional burials still being the preferred means of disposing of the 

deceased.  Vast amounts of potentially harmful compounds support alternative means of disposal, such as cremation 

or natural burial, reducing contamination and saving cost (Grover, 2014; Johnson, 2013).  Green burials save cost on 

embalming fluids and caskets, while cremation is not dependent on space for burial.  Cremation, however, 

contributes to air pollution, releasing toxins such as formaldehyde, hydrogen chloride, dioxins, mercury and 

greenhouse gases (Grover, 2014; Rose-Innes, 2013). 

Green coffins or ecoffins are nowadays made of bamboo, pine, woven willow, recycled cardboard or banana plant 

cord, and the body is buried – without embalmment – in a biodegradable cloth or casket (Johnson, 2013; Rose-Innes, 

2013). 
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3. SOCIAL CONSIDERATIONS 

Burial of the deceased forms an integral part of human history and is still an important social right and/ or religious 

custom.  Even though alternative means of disposing of the deceased are available (e.g. cremation as an alternative), 

the social rights of those surviving the deceased still trump issues concerning the scarcity of land for burial and the 

potential environmental risks posed by burial.  

Through engagement with local government authorities, consultants, the media and the general public, certain 

additional social considerations were highlighted.   

3.1. Residential Encroachment of Cemeteries and Surrounding Developments 

Cemeteries are mostly placed at acceptable distances from residential developments.  However, given that 

cemeteries often have facilities not available in the proximate formal or informal residential areas, such as flushing 

toilets or running water, residential developments tend to expand to the boundaries of the cemeteries for use of 

these facilities.  This inevitably results in overuse of municipal services and loitering. 

3.2. Vandalism and Safety 

Vandalism and theft are common in most cemeteries given the usability of tombstones for other purposes.  Further 

to this, visitors are often alone or in small groups making them vulnerable to attack.  In general, many individuals fear 

visiting graves of the deceased, and subsequently management and keeping of individual graves are no longer 

maintained.  Subsequently, cemeteries often become littered and vandalised and no longer represent the tranquil 

final resting place intended for the deceased. 

Monitoring infrastructure such as boreholes, and available services such as taps to running water, is also commonly 

vandalised, compromising the sanitary integrity of monitoring data and potable water. 

3.3. Unclaimed Bodies and Exhumations 

The rights of the deceased are often not met in the absence of living relatives taking responsibility.  In these instances, 

the wishes of the deceased cannot always be met in instances when bodies have to be exhumed and/ or relocated.  

Similarly, the final wishes cannot always be met in instances such as double burials if the initial grave was not 

excavated to the required greater depth.   

Where bodies are unclaimed, officials are forced to make a decision about interment options.  Cremation or special 

burial arrangements cannot be assumed, and subsequently unclaimed deceased may likely be interred in conflict 

with their religious or cultural practices.  The question arises as to who should accept the financial burden if an 

interred unknown person is being claimed and a request is made for exhumation and reburial or cremation. 

Exhumation of bodies buried with the consent of the living family should, however, be queried by the relevant 

authorities, and the financial responsibility should be allocated prior to exhumation. 
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Cremation may be considered in order to save cost and limit the use of land for unclaimed burials.  This, however, 

would require social studies to ensure that it falls within the human rights of the majority. 

3.4. Double Burials  

Graves for double burials have to be deeper than 1.80 m to at least 2.10 m.  Exhumation may be necessary in the 

event that the first to be buried was not at the required depth.   

It is also not acceptable to insist on double burial in the event that this was not decided prior to burial of the first 

body, seeing that the grave need to be prepared for double burial.  This may be in instances of changes in wills and 

testament following divorces, second marriages, and so forth. 

3.5. Cemeteries as Green Space 

Cemeteries are increasingly being proposed as additional green space options for urban settings.  This, however, 

requires cemeteries to be safe, clean and accessible, and to be maintained by the local authorities as well as the 

proximate community.  Communities need to take ownership of cemetery sites, contribute to the upkeep, and 

promote the use of the facilities as parks or areas of recreation.  In line with this, cemeteries should be vegetated 

and landscaped in appropriate manner to not excessively require irrigation or alien vegetation. 

3.6. Crematorium Waste 

It should be understood that, following cremation, more ashes are generated than what is given to the family.  The 

excluded portion includes, for instance, coarse fragments and contents that cannot be incinerated such as large 

bones or teeth.  In this instance, it should be acceptable practice to have a single grave for the collective ash remains 

from the crematorium after the relevant families have claimed the individual remains.  This does not pose additional 

environmental impacts. 

3.7. Undertakers 

Undertakers have social and environmental duties that need to be formalised.  They are not allowed to discharge 

waste, including those from embalming, in illegal manner.  Similarly, it is expected that undertakers will not loot the 

deceased and will not use emotional trauma to unreasonably abuse the emotions of the deceased for financial gain. 
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4. HYDROLOGICAL CONSIDERATIONS 

4.1. Water in the Subsurface 

The hydrological cycle, and the distribution and movement of subsurface waters, are explained in Box 3.  Complexity 

arises are media change between intergranular and fractured, and as degrees of water saturation change.  

Understanding the movement of water from land surface to the groundwater system (phreatic zone) is therefore 

complicated and requires proper investigation and quantification. 

Further to this, the type of aquifer plays an important part in the risk posed by surface or shallow subsurface 

contamination.  The concept of the hydraulic head and hydraulic gradient is explained accordingly at the hand of 

different aquifer types in Box 4. 

4.2. Urban Water 

Urban settings are prioritised in the context of assessing vadose zone contaminant transport for a variety of reasons.  

These are generally well understood and have been discussed by a wide number of authors.  Lerner (2002) notes the 

following: 

• Recharge in urban areas is significantly more complex.  Impermeable areas are present due to surface 

sealing and drainage channels and drains remove stormwater.  Direct recharge is likely to occur in parks 

and gardens with localised recharge along edges of roads and paths. 

• Imported water contributes to deep percolation despite the possible removal of surface runoff resulting 

in decreased infiltration.  Significant urban water losses through leakage of underground pipelines 

contribute vastly to subsurface water budgets. 

• Over-irrigation through excessive landscaping results in localised infiltration, which may furthermore 

result in recharge. 

Vásquez-Suñé et al. (2005) expand by acknowledging the following: 

• Underground structures, urban groundwater abstraction and dewatering acting as flow paths and/ or 

flow barriers influence local water budgets. 

• Subsidence can ensue due to long-term regional groundwater lowering through pumping for, for 

instance, dewatering or industrial purposes.  On cessation of pumping, rising water levels can flood 

underground construction such as basements and the like. 

• Complex mixtures of contaminants are sourced from urban areas, most notably from the sewerage 

system.  Mixing of sanitary wastes (e.g. sewage water) and chlorinated drinking water has been noted 

to form toxic chlorinated and recalcitrant compounds. 

Urban settings, therefore, pose very special implications through adding additional water at some places (leaking 

water reticulation pipelines, stormwater discharge), removing additional water from certain places (drainage, 

dewatering, stormwater removal) and altering flow paths (through altering subsurface flow systems and materials).  

This together with the very complex suite of potential contaminants emanating from urban settings, contaminant 

transport and risk assessment become increasingly difficult. 
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Box 3. Subsurface Water and Unsaturated Flow. 
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Box 4. Heads, Aquifers, and their Vulnerability. 
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4.3. Influence of Cemeteries on the Water Cycle 

Some hydrological influences of cemeteries are depicted in Box 5.  Important here is to understand the alternating 

aerobic and anaerobic conditions, as well as the possible routes of contaminant transport to the phreatic (saturated) 

zone or proximate water bodies and river channels.   

Detailed engineering geological investigation, hydrogeological investigation and isotope hydrology have also been 

used in VZSA3 (Dippenaar et al., 2014), VZSA5 (§14), VZSA6 (§15) and VZSA7 (§16) to infer hydrological behaviour at 

cemetery sites.  Some new contributions from these studies and the available literature are detailed in this section. 

4.3.1. Throughflow, shallow interflow, and perched systems 

Subsurface flow systems are often controlled by the shallow perched or shallow interflow systems acting as 

throughflow systems from upper slopes to lower wetlands or drainage channels (e.g. Figure 4-1).  This is often linked 

to the soil-rock interface (VZSA5; §14) that is also intrinsically altered during excavation and backfilling of graves. 

 
Figure 4-1. Conceptual model of the throughflow system at VZSA3 (Temba, Dippenaar et al., 2014; Dippenaar, 2014). 

4.3.2. Altered water budgets 

Subsurface water budgets are also affected through disruption of subsurface earth materials and/ or water input into 

the subsurface.  Examples of such influences include, for instance: 

• The proximity of leaking underground pipelines  

• Stormwater management practices concentrating infiltration of water at certain positions 

• Drainage systems installed to manage water on-site retroactively 

• On-site abstraction of groundwater increasing hydraulic gradients towards the sites 

• Off-site abstraction of groundwater mobilising groundwater flow from the cemetery off-site. 
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Box 5. Impacts of Cemeteries on Water Resources. 
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5. WATER QUALITY CONSIDERATIONS 

5.1. Principles of Contaminant Transport 

In addressing the role of the vadose zone in contaminant transport and the possible attenuation of contaminants, 

apportionment of different contaminants and contaminant groups become important.  Urban settings, therefore, 

pose a much broader spectrum of contaminants. 

Different contaminants will be transported differently.  In light of this, the vast array of potential contaminants from 

cemetery sites, as with landfills, require understanding of which contaminants to consider, as well as how they will 

be transported. 

Contaminants in water move through a variety of mechanisms.  In general, transport with the movement of 

groundwater is termed advection.  Dilution of contamination can occur mechanically through dispersion or 

chemically through diffusion, with both these collectively being termed the hydrodynamic dispersion.  Retardation 

also occurs through a variety of processes attenuating contaminants (Box 6). 

5.2. Influence of Cemeteries on Water Quality 

Contaminants emanating from burial practices are, for the purpose of this study, distinguished based on: 

• Their sources (whether from the body’s decomposition, accessory burial materials, or associated 

activities) 

• The rate at which they are released to the subsurface 

• Their mobility and persistence in the subsurface, and 

• Their toxicity or health effects on receptors. 

For these, the sources of potential contamination typically include (i) the actual decomposition of the corpse and the 

associated microbial contamination, (ii) the metals and organic compounds mobilised from the ornamental coffins 

and embalming processes, and (iii) nutrients from the landscaping practices.  Some of these are detailed in Box 7 

and, focusing specifically on the decomposition of the human body, in Box 8.  Apart from these listed, certain other 

contaminants should also be anticipated, such as pharmaceuticals (e.g. Fiedler et al., 2018). 

Lessons learnt from all case studies VZSA3 to VZSA8 together with available literature contribute to the findings of 

this section. 

5.2.1. Human Remains (Interment and Cremation) 

The human body is made of essentially of water with lesser carbon and other elements.  Different references have 

marginally different compositions, with Van Haaren (1951) suggesting approximately 64% water, 20% protein, 10% 

fat, 1% carbohydrates and 5% other minerals.  Depending on a variety of factors, the water percentage has been 

estimated as high as 74% (Forbes, 1987).  Nevertheless, the human body decomposes in different stages with 

inorganic chemical weathering of remaining bone, teeth and cartilage occurring last. 

Depending on weather the burial is within a coffin or direct contact with the soil, and on the oxygen available within 

the coffin, decomposition rates may vary drastically.  Nonetheless, the process is explained in Box 7 and Box 8. 
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Box 6. Contaminant Transport. 

****
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Box 7. Contamination from Cemeteries. 
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Box 8. Human Decomposition. 
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With respect to the decomposition process itself, it is estimated that 0.4-0.6 litres of leachate are produced per 1 

kilogram body mass.  The leachate has a density of 1.23 kilograms per litre and comprises 60% water, 30% salts (N, 

P, Cl, HCO3, Ca, Na and compounds of metals such as Ti, Cr, Cd, Pb, Fe, Mn and Ni), and 10% organic substances 

(Żychowski and Bryndal, 2015).   

Spontaneous post-mortem changes (estimated within 4 minutes after death) ensue through autolysis (self-digestion), 

haemolysis and putrefaction of soft tissue, which has not been preserved.  Putrefaction is the breakdown of soft 

tissue by bacteria and enzymes from the body itself or the environment of burial, resulting in the alteration of 

proteins, fat and carbohydrates.  The process is initiated by the microorganisms present in the body (most notably 

the intestines and respiratory tract) with aerobic organisms using available oxygen to create suitable environments 

for later anaerobic organisms (from the intestinal canal and burial environment) required for the putrefaction stages.  

Anaerobic putrefaction results in the formation of hydrocarbons, ammonia compounds and biogenic amines, 

whereas the subsequent aerobic decay resulting in skeletalisation requires inorganic processes of further breakdown 

(Berg et al., 1975; Daldrup, 1979; Dent et al., 2004; Fiedler and Graw, 2003). 

Liquefaction and disintegration follows, leaving behind resistant bone, teeth and cartilage that are further weathered 

through inorganic chemical processes (Dent et al., 2004). 

Adipocere, also commonly referred to as grave wax, often form which preserves corpses after burial, resulting in 

delayed decomposition.  This typically occurs at the onset of putrefaction in warm, moist, high pH environments, and 

is essentially the formation of soap from fat (saponification) (Fiedler and Graw, 2003; Fineza et al., 2003). 

Factors enhancing the rate of desiccation (preservation without full decomposition) include (e.g. Carter et al., 2007; 

Dent et al., 2004; Fiedler and Graw, 2003; Turner and Wiltshire, 1999): 

• Well-drained sandy soils and low moisture contents, coupled with the buried nature of the corpse 

resulting in limited access for insects and scavengers 

• Clayey soils and high moisture contents reducing oxygen exchange rates and subsequently reducing 

aerobic activity 

• Reducing conditions promoting the formation of adipocere. 

Temperature is considered a governing parameter in skeletonization rates of corpses.  For a corpse aboveground, it 

is roughly skeletonized or mummified in y days where y = 1285/x where x = temperature in degrees Celsius (i.e. for a 

temperature of 10˚C, the period is roughly 128.5 days).  Burial and submerging under water affects these rates, as 

well as any wounds or damage to the skin (Vass, 2001). 

Remains from cremation ash (or cremains) are estimated to be roughly 3 kg (sic. 6 pounds) for an adult male with a 

volume in the order of 3-3.5 litres (sic. 200 cubic inches) (Lonité, 2017) or most often, for adults, in volumes exceeding 

those of standard urns.  Cremains comprise essentially calcium and phosphorus (in the form of inorganic 

hydroxyapatite constituting ca. 70% of bone mass) as major elements, and essential elements including Mg, Na, Zn 

and Fe.  Ratios of these elements mirror those in bones (Schultz et al., 2011) and all organic compounds incorporating 

carbon, hydrogen and oxygen are combusted at these high temperatures. 

5.2.2. Metals 

With very little known, especially within South African context, on the true risks posed by the decomposition process, 

more is available in international literature on metals from the coffin hinges and so forth.  Jonker and Olivier (2012) 

evaluated cemetery and non-cemetery soils from the Zandfontein Cemetery in South Africa, finding that elevated 

metal concentrations existed within zones of dense burial.   
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Results from VZSA4 show that corrosion of aluminium, copper, zinc and iron is exacerbated by soils with higher water 

retention, acidic pH in preference to alkaline conditions, warmer temperatures, intermittent moisture regimes with 

alternating wetter and drier conditions, and low hardness (Box 7b).  Organic content and other ionic groups such as 

chloride or sulphate further increase corrosivity.  

Of interest in the results from VZSA4 (§13) shown in Figure 5-1 is that sands shows the highest concentrations of the 

different metals in the leachate, especially at early times.  At later times, from week 16 to week 24, concentrations 

increase in clayey soils.  This can very likely be ascribed to the retardation due to retention of moisture (containing 

the mobile metals) in fine-grained soils as compared to well-drained sandy soils.  In general, it is well understood and 

accepted that clayey soils are generally more corrosive to metals than well-drained sandy soils.  Low pH values and 

higher temperatures are confirmed to promote corrosion of these metals. 

 

Figure 5-1. Aluminium, iron, zinc and copper leached from the sample columns at week 8, 16 and 24 at different 
temperatures, rainfall intensities, and pH values (VZSA4, §13). 
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5.2.3. Nutrients 

Numerous studies have been conducted on nutrients in water sources, most notably with reference to agricultural 
land.  The same principles apply to cemeteries, and major chemistry should be tested for water sources to ensure 
early detection of changing water quality. 

5.2.4. Organics 

Nowadays embalming fluids contain formaldehyde, distilled water, phenol and glycerol (Anat, 1993), of which 10 

litres of the mixture (containing 1.5 litres of formaldehyde) (Karmakar, 2010) is required for a 70 kg body. 

Formaldehyde (CH2O) is released during decomposition and has been shown to be carcinogenic (especially 

leukaemia) to living organisms (Guttman et al., 2012). According to a 2002 report, the World Health Organization 

(WHO, 2002) indicated that when formaldehyde comes into contact with water it breaks down into methanol, amino 

acids and several other chemicals and therefore does not persist in the environment.  However, its persistence in a 

cemetery environment has not been assessed, especially given the role of the vadose (unsaturated) zone and the 

time for it to break down into harmless by-products. 

As presented in VZSA4, formaldehyde does leach from experimental soil columns within the first 14 weeks of 

interment, although more than 97% was found to break down or to be immobile.  However, given the health risks 

posed by formaldehyde, even low dosages can result in carcinogenic effects (Figure 5-2). 

 
Figure 5-2. Formaldehyde leached from different soil types during the 24-week period. 

5.2.5. Pathogens 

Pathogens include bacteria, viruses and other microorganisms and are detailed in an extensive review by Żychowski 

and Bryndal (2015).  Escherichia coli in particular is a well-known organism that has been used as an indicator of 

pollution in water and soils (e.g. Ashbolt et al., 2001; Harwood et al., 2005; Horman et al., 2004). 

VZSA8 details microbacterial studies performed at a variety of cemeteries in South Africa.  What is interesting is that, 

following extensive experiments conducted at VZSA6-8, certain strains of E. coli, for instance, can be antibiotic 

resistant, and that formaldehyde used in embalming does not necessarily inhibit growth of these species. 
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Apart from Escherichia coli, VZSA8 also identified the presence of, for instance, Mycobacterium tuberculosis, 

Acinetobacter nosocomialis, Campylobacter ureolyticus, Streptococcus parasanguinis and Yersinia pestis.  The 

persistence of such pathogens suggests that (i) analyses may be required for more species than only E. coli, and (ii) a 

standard inventory for pathogens with standard mobility, persistence and toxicity cannot be formulated.  Different 

pathogens in different cemeteries will result in different infections in different timeframes.  This emphasises the 

importance of continuous monitoring. 
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6. ENGINEERING CONSIDERATIONS 

Numerous engineering constraints require considerations for cemetery sites, including, for instance, shallow 

bedrock, excavation collapse, backfill permeability, excavatability and workability of the site materials (Box 9 and Box 

10).  The influence of seepage on the grave sites, as well as the influences of the excavations and backfill on the 

subsurface flow systems, are also addressed.  These are discussed separately in detail in this section and, 

incorporating results from case studies VZSA3 to VZSA7, highlight contributions to the topic of cemeteries and 

geotechnics. 

6.1. Material Properties 

Soil profiles should be described according to SANS 633 (SABS 2012), whether on dolomite land or not, as based on 

Jennings et al. (1973) and elaborated in Dippenaar et al. (2014).  This implies a six-fold classification based on 

moisture, colour, consistency, soil structure, soil type, and origin. 

Where possible, different soil profiles should be characterised in terms of the mechanical and mineralogical 

properties, as these will inevitable affect the behaviour of the site soils. 

Material properties to consider include the following: 

• Profile description addressing field observations of the vertical soil succession, incorporating the in-situ 

moisture, colour, consistence, structure, soil type and origin 

• Soil grading or particle size distribution analyses to infer the soil texture 

• Atterberg limits to address the relationship between soil consistency and moisture content 

• Soil chemical indicators such as mineralogy, pH, electrical conductivity, or as deemed appropriate 

• Additional properties relevant to the site material such as problem soils. 

Materials described in Cenozoic sands from VZSA7, for instance, highlighted the importance of identifying zones of 

periodical wetness to infer where seepage will occur and where sidewalls will collapse if graves are left open.  The 

same knowledge of material properties also pre-empts the possible occurrence of sinkholes or difficult excavation.  

For areas with soluble rock, contaminated land, marshy areas, and/ or any other special site conditions, special 

investigations are, therefore, required. 

6.2. Excavatability, Excavation Stability and Workability 

Excavation should be possible to required depths of at least 1.80 m for single burials and 2.10 m for double burials.  

Excavation conditions should be noted as soft to hard in accordance with applicable standards, such as SANS 634 

(SABS 2012), to the required depth: 

• Soft: material that can be efficiently removed to the required depth, without any prior ripping, by means 

of a bulldozer, tract-type front-end loader (approximate mass of 22 tonne; flywheel power 145 kW) or 

a tractor-scraper (approximate mass 28 tonne; flywheel power 245 kW). 

• Intermediate: material that can be efficiently removed to the required depth, without any prior ripping, 

by means of a bulldozer (approximate mass of 35 tonne; flywheel power 220 kW) 

• Hard: material that cannot be efficiently ripped with the preceding; material that cannot be removed 

without blasting. 
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Box 9. Geotechnical Considerations. 
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Box 10. Engineering Hydrogeological Considerations. 
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Specific note should be made as to whether excavation is possible by means of pick and shovel, and whether shallow 

bedrock, boulders or pedocretes will influence excavatability across the site. 

Material descriptions should indicate materials potentially posing difficulty, including, for instance, bedrock, 

boulders, pedocretes, highly organic soils, karst, wet soft clays, and very stiff dry clays. 

Stability of grave excavations is important from stability and safety perspective as well as to avoid collapse of open 

graves during interment ceremonies.  Although numerous reasons exist, sidewall failure is, for instance, due to (i) 

failure of cohesionless material below more competent layer; (ii) failure of loose cohesionless materials on exposure; 

(iii) failure of materials due to loss of shear strength of wet deeper soils or changing moisture conditions (Box 9a). 

Apart from having to be readily excavatable, site materials also has to be able to adequately recompact 

hydrodynamically once used as backfill.  The intent of backfilling graves is not to create a higher porosity and higher 

permeability drain for concentrated ingress of surface water, but rather to resemble natural soil consistency as near 

as possible.  Determining some readily available moisture:density relationships through available laboratory testing 

will aid in this. 

6.3. Backfill Compaction and Subsoil Permeability 

Permeability of site soils pose geotechnical concerns as well as hydrological concerns.  Backfill material is not 

generally compacted.  The backfilled materials can either consolidate naturally, collapse under collapse of the coffin, 

or be mounded creating small mounds.  Each of these has intrinsic consequences, mostly pertaining to the surface 

topography and infiltration of surface water.  Examples are shown with (i) poorly compacted backfill over a collapsed 

coffin resulting in flooding of the grave; (ii) mounded backfill inducing runoff and erosion; and (iii) depressed backfill 

resulting in ponding (Box 10a). 

Cemeteries may induce or limit seepage due to increased or decreased permeability of backfilled areas, mounding, 

collapsed coffins resulting in surface depressions, or additional water input through irrigation for landscaping. 

For graves it is recommended to compact to 90 compaction effort at ±5% of optimal moisture content to minimise 

later consolidation of backfill, and to reduce the permeability of backfill.  

6.4. Special Geotechnical Conditions 

Certain conditions, apart from those addressed above, require special attention.  In such instances, specialist input 

is required to ensure suitability of a parcel of land for development as a cemetery. 

6.4.1. Soluble rock/ karst/ dolomite 

If underlain by karst (any soluble rock, including, but not limited to, dolomite, limestone, marble and evaporates), a 

dolomite stability investigation is required as referred to in SANS 634:2012 and the SANS 1936:2012 series.  Coupled 

with this, a suitable risk management strategy is required as graves can result in concentrated ingress of surface 

water, possibly resulting in surface subsidences or sinkholes.  These also affect the vulnerability of the groundwater 

aquifer to contamination from interment activities. 
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6.4.2. Slopes 

Land with steep gradients and slopes require investigation of the stability of the slopes, especially if the ground is to 

be disturbed on these slopes for the purpose of burials.  Shallow interflow systems should be considered, as well as 

the influence of the disruption of the upper 1.80 m or more on the shear strength of site soils.  Altering steep slopes 

in equilibrium may result in slope failure as well as extensive erosion. 

Very low relief areas and flat slopes and depressions pose problems with water ponding, waterlogging and often 

localised infiltration into the subsurface.  Disruption of ground in such areas may induce different hydrological flow 

regimes and may also induce erosion. 

6.4.3. Wet land 

Waterlogged land, marshes, wetlands and floodplains should typically not be considered at all for development as a 

cemetery.  Special notice should be given to these conditions. 
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7. EXISTING APPROACHES TO CEMETERY INVESTIGATION 

7.1. Current Best Practice for Cemetery Investigation 

Existing approaches to cemetery site investigation are detailed by Dippenaar (2014) and shown in Box 11.  

Appropriateness and limitations of existing methods and interpretation techniques utilising data gathered and 

interpreted for best-case and worst-case scenario site suitability ranking scores according to Hall and Hanbury’s 

(1990) approach are shown in Box 12.  Although the method does provide a very sensible score for site suitability, it 

is emphasised that this does not replace the need for proper detailed field and laboratory data to validate findings. 

The Vadose Zone Assessment Protocol (VZAP) by Dippenaar et al. (2014) and Dippenaar (2014) also provides a 

baseline for assessment of cemetery sites or any other proposed development of the vadose zone (Box 13). 
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Box 11. Generic Minimum Requirements for Investigation. 
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Box 12. Interpretation of Site Suitability Ranking Scores. 
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Box 13. Updated Vadose Zone Assessment Protocol (VZAP). 
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8. HYDROGEOLOGICAL/ GEOHYDROLOGICAL INVESTIGATION 

The following section details a standard terms of reference for different stages of hydrogeological investigation for 

cemetery sites.  The term “hydrogeology” is used synonymously with “geohydrology” or “groundwater”.  An 

investigation protocol is supplied in Box 14 and the extent of data requirements in the subsequent sections.  With 

the exception of monitoring, preceding stages of investigation can be omitted, provided that the contents of those 

studies are incorporated into later reports.  This implies, for instance, that if a Phase 1 Investigation is conducted, 

that the Preliminary Investigation can be excluded, etc. 

8.1. General Requirements 

8.1.1. Conduct 

Professional conduct and competence is required, preferably using a professionally registered scientist with the 
South African Council of Natural Scientific Professions (SACNASP) and valid work experience as a hydrogeologist. 

8.1.2. Hydraulic testing 

Proposed testing required are detailed in Box 14.  Standard acceptable test methods should be employed where 

possible, and deviation from standard methods should be document in the technical report. 

Infiltration tests are conducted as per Dippenaar et al. (2014) referencing ASTM D 3385-94.  Infiltration tests can be 

conducted as single or double ring tests.  Percolation tests are conducted as per Dippenaar et al. (2014) referencing 

SANS 10252-2:1993.  Test depths may be amended, notably to the depth below the base of the grave in open test 

pits or deep auger holes, based on the opinion of the specialist. 

Hydraulic tests can include slug tests, bail-down tests or pumping tests.  Individual tests upslope and downslope are 

preferred, if possible.  Monitoring network boreholes identified during the hydrocensus (recommended 1-3 km 

diameter) can be employed for this.  Hydraulic tests, notably pumping tests, are conducted as per SANS 0299-4:1998.  

Slug-tests and bail-down tests as alternatives can be conducted as per appropriate methods. 

8.1.3. Water quality 

Proposed testing required are detailed in Box 14.  Standard acceptable test methods should be employed where 

possible, and deviation from standard methods should be document in the technical report. 

Water sampling is conducted as per Weaver et al. (2007) and compared to available standards, such as SANS 241 

(2001;2015) and the DWS (Department of Water and Sanitation) series of 1997.  Water quality determinants should 

incorporate major and trace element chemistry, microbiology, physical determinants, and, if possible, selected 

organics such as formaldehyde. 

For monitoring purposes or to possibly aid in the earlier detection of potential contamination, the following quick 

screen with reduced but relevant analytical parameters are recommended: 
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• Metals used in coffin ornaments or jewellery, or those historically used in embalming: e.g. aluminium, 

arsenic, cadmium, chrome, copper, iron, lead, mercury, nickel, vanadium, zinc 

• Nutrients and compounds associated with both the landscaping processes as well as the breakdown of 

the skeleton: e.g. sodium, potassium, calcium, magnesium, chloride, fluoride, sulphate, nitrate, 

phosphate together  

• Organics associated with embalming or daughter products of expected other organic compounds: e.g. 

formaldehyde 

• Pathogens associated with the breakdown of biological materials; where appropriate, other pathogens 

expected: e.g. E. coli 

• Other fundamental physical parameters such as pH, hardness, TDS and electrical conductivity. 

Where such a condensed contaminant screen is being analysed, it should be ensured that the same parameters are 

incorporated into all subsequent analyses. 

8.2. Preliminary Investigation (Tier A and Tier B) 

The preliminary investigation relates to Tiers A and B of the Vadose Zone Assessment Protocol.  The following have 

to be addressed: 

• Collation of existing data (desk study; available maps, report and data) 

• Assessment of proposed development (for cemetery sites, as detailed in this document) 

• Hydrological pathways of importance (preliminary source-pathway-receptor analyses) 

• Detailed surface mapping (topography; outcrops; drainage; prevailing land use) 

• Relative hydrological risk (map or text addressing risks to water cycle and receptors dependent on the 

water cycle). 

A site walkover is advised as part of the Preliminary Investigation.  A preliminary hydrocensus can be included. 

8.3. Hydrogeological Investigation (Tier A-D) 

The Preliminary Investigation contents form part of the Phase 1 Hydrogeological Investigation.  Reference should be 

made to preceding work completed, or the contents should be repeated in the Phase 1 Report.  The Preliminary and 

Phase 1 Investigation contents form part of the Phase 2 Hydrogeological Investigation.  Reference should be made 

to preceding work completed, or the contents should be repeated in the Phase 2 Report. 

8.4. Additional Considerations 

Water affects cemeteries in both its presence or absence as well as the effects the quality of the available water has.  

In the prior instance, water at partial saturation may flood the grave, resulting in waterlogging of the coffin.  This 

results in oxidizing conditions becoming more reducing.  In the latter instance, the aggressiveness of the subsurface 

differs based on moisture content.  It is, therefore, sensible to record fundamental data such as: 

• Depths at which moisture contents are very moist to wet, including waterlogged conditions on surface 

and the identification of the groundwater table 

• Depths at which water seepage is encountered in excavation, including an estimation of the rate of flow 
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• Depths at which standing water occurs in open excavations, and the time required for the water level 

to stabilise 

Minimisation of subsurface flow given the altered state of the shallow vadose zone in cemeteries should be noted: 

(i) A reduction in irrigation for landscaping is proposed as a generic mitigation measure.  Graves will likely 

cause zones of preferential infiltration if somewhat depressed, or will likely increase erosion or obstruct 

runoff if mounded.  Optimal landscaping practices with minimal irrigation at low intensity will ensure 

that grass can grow without extensive mobilisation of possible contaminants. 

(ii) Planting larger and indigenous trees with deeper root systems may aid in redistributing subsurface 

moisture and preventing waterlogging of graves and backfill.  Where possible, natural vegetation and 

trees should not be removed, or should be replanted to aid in the natural management of subsurface 

waters. 

(iii) Minimal accessories should be buried and coffins should preferably not contain too many artificial 

metals and plastics.  These do, over time, mobilise, to the likely detriment of the receiving environment 

and groundwater and surface water users. 

(iv) Hardness tends to immobilise some contaminants such as metals and reduce corrosion.  If possible, 

small amounts of lime or dolomite may contribute to attenuating contaminants on-site. 

The site should be zoned and each zone ranked according to appropriate systems such as Hall and Hanbury (1993).  

The final report should supply a percentage of area suitable for burial, as well as for possible future expansion.  Land 

unsuitable for the purpose should be clearly described.  If possible, the zoning of the hydrogeological and engineering 

geological investigations should be collated. 
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9. ENGINEERING GEOLOGICAL/ GEOTECHNICAL SITE INVESTIGATION 

The following section details a standard terms of reference for different stages of hydrogeological investigation for 

cemetery sites.  The term “engineering geology” is used synonymously with “geotechnics”.  An investigation protocol 

is supplied in Box 15 and the extent of data requirements in the subsequent sections.  With the exception of 

monitoring, preceding stages of investigation can be omitted, provided that the contents of those studies are 

incorporated into later reports.  This implies, for instance, that if a Phase 1 Investigation is conducted, that the 

Preliminary Investigation can be excluded, etc. 

For any infrastructure, such as crematoria, chapels, roads and so forth, the presented approach can be followed as it 

is based on existing standards for geotechnical investigation for single and double storey masonry structures 

documented in SANS 634:2012 and SANS 1936:2012 if dolomitic. 

9.1. General Requirements 

9.1.1. Conduct 

Professional conduct and competence is required, preferably using a professionally registered scientist with the 

South African Council of Natural Scientific Professions (SACNASP) and valid work experience as a hydrogeologist. 

9.1.2. Field investigations 

For the sake of easy cross-referencing, the geotechnical investigation follows the general requirements stipulated in 

SANS 634:2012 (SABS 2012).   

Soil profiles are described according to SANS 633:2012.  Test pits should be excavated to depths of machine refusal 

or, if possible, to minimum depths beyond proposed grave depths of 1.80 m (single burial) to 2.20 m (double burial).  

The properties directly below the grave base are important in understanding possible contaminant transport 

processes.  If excavatability allows, fewer deeper soil profiles are preferred. 

9.1.3. Laboratory testing 

Proposed testing required are detailed in Box 15.  Standard acceptable test methods should be employed where 

possible, and deviation from standard methods should be document in the technical report. 

Standard foundation indicator tests and soil classification supply the main mechanical properties of the site materials, 

as well as generic understanding of its behaviour for engineering purposes. 

Moisture:density relationships are important for backfilling of graves, as well as to supply design parameters for 

roads and parking areas. 

Soil or rock mineralogy inform about the weathering products to be expected at the site, and can also inform 

regarding corrosivity and baseline geogenic contaminants at the site. 
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9.2. Preliminary Investigation (Tier A and Tier B) 

The preliminary investigation relates to Tiers A and B of the Vadose Zone Assessment Protocol.  The following have 
to be addressed: 

• Collation of existing data (desk study; available maps, report and data) 

• Assessment of proposed development (for cemetery sites, as detailed in this document) 

• Geological pathways of importance (preliminary indicator of anticipated geological risks) 

• Detailed surface mapping (topography; outcrops; drainage; prevailing land use) 

• Relative geotechnical risk (preliminary zoning map or text addressing geological such as problem soils, 

soluble rock, steep slopes, etc.) 

• If possible, a site walkover and description of open excavations and outcrops are beneficial. 

9.3. Detailed Engineering Geological/ Geotechnical Investigation (Tier A-D) 

The Preliminary Investigation contents form part of the Phase 1 Engineering Geological Investigation.  Reference 

should be made to preceding work completed, or the contents should be repeated in the Phase 1 Report.  The 

Preliminary Investigation and the Phase 1 Investigation contents form part of the Phase 2 Investigation.  Reference 

should be made to preceding work completed, or the contents should be repeated in the Phase 2 Report.   

9.4. Additional Considerations 

Additional to the methods described, specific reference should be made to the following: 

• Anticipated volume change of problem soils has to be addressed with respect to mechanism of volume 

change (e.g. consolidation settlement, collapse, heave, etc.) as well as the thickness of the horizon 

prone to volume change and the anticipated vertical movement. 

• Seepage constraints have to be addressed in terms of depths of notable in situ moisture content 

changes, as well as the likely impact of the cemetery on the subsurface hydrological conditions, and the 

impacts thereof on the soil properties. 

• Excavatability has to be addressed at the hand of depth of excavation possible and means by which 

achieved (e.g. pick and shovel, machine, etc.), as well as end of hole conditions (e.g. description of 

materials at depth of excavation refusal). 

• Special conditions have to be addressed through distinct mention of areas underlain by soluble rock, 

steep slopes or gradients, contaminated land, uncontrolled fill, or wet land. 

Solutions should comprise a site zoning in terms of R (rock), S (settlement), C (collapse settlement), H (heave), D 

(dolomite), or P (problem areas, e.g. marsh land; uncontrolled fill; undermined land; etc.), as elaborated in SANS 

634:2012 and SANS 1936:2012. 

Importantly, each individual zone should be ranked according to appropriate systems such as Hall and Hanbury 

(1993).  The final report should supply a percentage of area suitable for burial, as well as for possible future expansion.  

Land unsuitable for the purpose should be clearly described.  If possible, the zoning of the hydrogeological and 

engineering geological investigations should be collated. 
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Box 14. Hydrogeological Investigation Protocol. 
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Box 15. Engineering Geological Investigation Protocol. 
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10. ADDITIONAL AND CROSS-DISCIPLINARY CONSIDERATIONS 

Additional reporting contributions are detailed in this section.  Often, specialist reports fail to adequate consider 

cross-disciplinary consequences of certain developments.  Some examples that may contribute to safer development 

are noted here and/ or are shown in Box 16. 

10.1. Life Cycle of Cemetery 

10.1.1. Changes in ground properties 

Backfilling results in heterogeneity and anisotropy being homogenised through mixing materials of different 

mechanical and hydraulic properties.  Often, these materials are consolidated to lower-than-natural density, implying 

weaker, more porous materials (Box 16a).  Note that parameters indicated are indicated as initial (i.e. prior to 

excavation) and relative (i.e. not indicating absolute values, but rather lower to higher relationships).  For the 

backfilled sequence, it is likely that all these graphs will be represented by near-vertical lines, implying that 

parameters following backfill may be the same throughout. 

Poorly compacted backfill almost always poses problems in that it tends to promote consolidation and infiltration. 

10.1.2. Changes in flow 

Complexity in flow systems can be identified during site investigation.  Subsequently, hydrological behaviour during 

project life cycle can be inferred based on the understanding of the pre-developmental subsurface hydrology (Box 

16c).  A standard reporting format for additional understanding of the hydrological conditions and the implications 

thereof on infrastructure development is supplied.  This incorporates data from both the engineering geological and 

hydrogeological investigations. 

10.1.3. Climate 

As climate is changing, rainfall events tend to become more intensive.  Flooding and heavy rain storms are common, 

and effects of such Events become more catastrophic given the extremely dry periods between events.  Effects of 

climate change on developments should acknowledge that extreme conditions will alternate, and that long-term 

resilience planning is required. 

10.1.4. Impacts of adjacent developments 

Cemeteries do not pose the only exclusive source of contamination.  Agriculture, mining, industry, waste disposal, 

on-site sanitation and other developments all contribute to potential sources of highly variable contamination.  As 

development inevitably encroaches on cemeteries, the impacts of these proximate developments should be 
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considered, e.g. (i) limitations on space for the expansion of the cemetery, (ii) additional sources of contamination, 

and (iii) hydraulic impacts such as pipelines and other infrastructure. 

Such adjacent development are also then at risk of adverse effects from the cemetery, should contamination result. 

10.2. Sources of Contamination 

10.2.1. Cause of death 

Cause of death is not always specified on death certificates.  Subsequently, very little knowledge is available about 

possible pathogens being interred with corpses.  This makes monitoring of cemetery sites difficult and, should 

contamination occur, increases risk to receptors of contracting diseases not envisaged prior to interment. 

10.2.2. Accessory burial and coffin materials 

To minimise manageable risks, it is suggested to stay with ordinary dimensions of coffins, preferably wood or 

biodegradable materials, and to refrain from excessive use of ornamental metals, plastics, paints, varnishes, etc.  

Jewellery, dentures, pacemakers, watches, batteries, excessive cosmetics, and other such materials should preferably 

be removed prior to interment. 

All such materials have the ability to mobilise and contaminate proximate water resources.  Given the high variability 

of accessory burial materials, it is increasingly difficult to speculate which contaminants will mobilise, how they will 

be transported, and what the eventual adverse impact may be.   

10.2.3. Corrosivity and mobility 

Site materials affect the aggressiveness or corrosivity of the environment to different materials such as metals and 

cement (Box 16b).  Improved understanding of the influences of different environmental factors on the corrosivity 

of different metals and cement can aid in better inferring which contaminants may likely mobilise, from which 

sources, and what rates.  Of importance is that many of these parameters work in a synergetic relationship, implying 

that the cumulative effect of more than one may exceed the effect of the sums of the individual parameters.  

Similarly, certain parameters can also cancel each other out to some extent, e.g. high alkalinity which should be 

corrosive to steel, but CaCO3 that effectively slows down corrosion. 

10.2.4. Burial load 

Burial loads vary temporally and spatially.  Cemeteries are therefore continuous sources of potential contamination 

with the risk depending on the burial density.  Numerous burials can occur over single weekends.  Of these, some 

may or may not involve embalming, and metals and other contaminants are added to the subsurface continuously 

over time.  Very large concentrations of possible contaminants can therefore be released and stored at cemeteries 

for later release.  It is imperative that burial loads and burial densities are incorporated into risk assessments. 
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10.3. Other Specialist Investigations 

Apart from anticipated project life cycle implications, other scientific specialist input such as ecology, hydropedology, 

surface hydrology, wetland delineation, etcetera, are not incorporated into these specifications, as these solely 

address the suitability for cemetery development, and do not specifically consider the very important reasons to 

often not develop land due to environmental importance and/ or sensitivity.  Incorporation of such reports are 

subject to requirements for an environmental impact assessment and the required water use licenses. 
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Box 16. Additional and Cross-Disciplinary Considerations. 
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11. CONCLUSIONS AND RECOMMENDATIONS 

The project deliverables are met through contributions to the environmental risk assessment, monitoring and 

management of cemeteries.  Emphasis is on the hydrogeological and engineering geological investigations as these 

are of fundamental importance in environmental impact assessments and water use license applications.  

Additionally, these pose potential health and safety risks to people, livestock and the receiving environment. 

Case studies entailed controlled laboratory and field investigations to address questions identified that are of 

relevance to cemeteries.  Additional and cross-disciplinary contributions are highlighted in the preceding section.  

Apart from this and the contribution to improved understanding and improved site assessment, some novel findings 

are presented here. 

11.1. Corrosion and mobility of metals 

Environmental conditions affecting the leaching, mobility and persistence of selected metals have been addressed.  

Mostly, leachate from sands are more enriched, likely given that seepage is promoted in sandy materials.  However, 

clays are more corrosive to metals, but leaching is retarded given the high retention of moisture in clayey soils.  Low 

pH, unsaturated conditions, fine-textured soils, and warmer temperatures are some of the controls enhancing 

corrosion of metals.  Metals tend to mobilise fairly soon on, but at highest concentrations around week 16-24 of 

experiments.  Experiments were ceased at this time, and it should be noted that metals will remain mobile at later 

times. 

11.2. Mobility and persistence of formaldehyde 

Environmental conditions affecting the leaching, mobility and persistence of formaldehyde have been addressed.  

Formaldehyde did not appear to affect the plate counts of E. coli despite it being used as biocide in the embalming 

process.  Formaldehyde breaks down within days in the subsurface and is therefore not extremely persistent despite 

its high toxicity.  It does, however, keep on leaching out in the first days to weeks, with highest concentrations leaving 

the system around week 8 of experiments.  Even though it breaks down rapidly in aerated systems, it may be more 

persistent in saturated systems and could, therefore, potentially pose risk if reaching groundwater or surface water. 

11.3. Partially saturated flow at the soil-rock interface 

Flow at partial saturation from soil into fractured bedrock is complex, but affects natural flow, as well as any cutting 

or excavation such as a grave.  Dispersion plumes are found to exist in soils over open fractures due to capillary 

barriered scenarios, from where various flow mechanisms result.  Saturation tends to decrease with depth in the 

fracture, coupled with increasing flow rates to maintain continuity.  This affects whether preferential flow will occur 

when certain in-situ moisture contents are breached, whether interflow will be induced, or whether natural 

attenuation may be promoted at partial saturation in the vadose zone where contaminants are temporarily 

immobile. 
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11.4. Antibiotic resistance of E. coli 

Some E. coli were found to be antibiotically resistant at one of the field study sites.  Although this might not 
necessarily be a result of the cemetery itself, it does inform about the behaviour of certain microorganisms in the 
vadose zone.  Additionally, the complexity in contaminant types are accentuated. 

11.5. Isotope hydrology in the vadose zone 

The use of isotopes in vadose zone systems entailing interflow, perched water tables, and interaction between the 

surface water and groundwater have been highlighted in adding more detailed understanding to the complex 

subsurface flow systems affecting and affected by cemeteries.  Using isotope results together with hydraulic and 

laboratory data improves results and subsequently understanding of the complex flow systems. 

11.6. Complexity in unsaturated zone geological models 

Geological complexity is added to conceptual models through addressing a wide variation of different earth materials, 

climatic regimes, and land uses.  This is work being continued under the auspices of the new project, K5/2826 on the 

complex and anthropogenically altered vadose zone. 
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12. INTRODUCTION TO SUPPORTING CASE STUDIES 

The following section depicts case study descriptions, sampling, analysis, interpretation and results. The final 

conclusions have been collated and incorporated into the first sections of this document, typically under headings 

labelled Provisional Findings. The intention is not to use these case studies as discreet investigation aiming to clarify 

important concepts, but to use the collective dataset to understand the implications of improper investigation, lack 

of guidelines and oversimplification in vadose zone and, notably, intermediate vadose zone hydrology.  

Main findings are incorporated into the body text of this document, continuously referring to the case study in the 

appendix. 

For the sake of integrated readability with other case studies in other vadose zone projects, notably as initiated by 

Dippenaar et al. (2014), study sites are labelled as Vadose Zone Study Areas or VZSAs with numbers following on 

those used in Dippenaar et al. (2014).  This enables the cross-reference of different study areas, with VZSA1, VZSA2 

and VZSA3 being incorporated into this previous report.  For the sake of easy cross-referencing, experimental studies 

are labelled similarly.  The work contained herein also form part of a greater research focus on vadose zone hydrology 

and engineering hydrogeology, and subsequently future studies will conform to the numbering. 

VZSA3: Peri-urban Cemetery at Temba, City of Tshwane (Dippenaar et al. 2014) applies here. 
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13. VZSA4: CORROSION OF ACCESSORY BURIAL MATERIALS 

Sunette VAN ALLEMANN, Jana OLIVIER & Matthys A. DIPPENAAR 

13.1. Motivation for Study 

This section is a summary of the experimental work published by Van Allemann (2017) and Van Allemann et al. (2018). 

How coffin materials corrode contributes to the possibility of contamination from cemetery sites.  In addressing this, 

the influence of variable moisture and climate on corrosion of common metals used in the fabrication of coffins is 

evaluated in controlled laboratory environments with materials supplied from reputable undertakers. 

13.2. Study Description 

The experimental setup is illustrated in Figure 13-1: 

• Typical coffin materials comprise of 65 kg chipboard or 85 kg solid wood, four hinges, six standard 

handles or six handles with two aluminium rods of 1.2 meter, four plastic ornaments for the corners of 

the coffin and screws. The ratio of each material is calculated according to the weight of an average 

coffin, after which the coffin samples are broken up into smaller pieces prior to interment. The materials 

are then buried in the soil columns with a cloth soaked in 5% formaldehyde (used as embalming fluid, 

which preserves the dead) and E.coli bacteria with a nutritional medium, stimulating the decomposition 

of a body which may influence the corrosion rate of the materials. The cloth and bacteria are placed 

opposite each other in order to allow the bacteria to flourish.   

• Half of the columns are placed into a 30˚C chamber and the other half in an air-conditioned room which 

is set at 20˚C simulating hot and moderate temperatures. Interment continues for a period of six months 

under various simulated conditions. 

• Distilled water is used in the experiments. The pH is decreased by adding small quantities of 

hydrochloric acid (HCl) to achieve a pH of 6 (slightly acidic) and pH 4 (acidic). 

• For the samples subject to prolonged rainfall periods, 1 L of water is added over a period of 4 days. The 

samples exposed to flash floods are given 1 L of water once off. The samples are then left to dry for a 

period of two weeks to promote oxidation. The cycle is repeated for the duration of the six months. 

• Cement, simulating concrete tombs, are buried in different soil type columns with 1-meter long coils of 

aluminium (Al), copper (Cu), zinc (Zn) and iron (Fe), all of which is weighed beforehand., representing 

the most common metals used for coffins.  

• Three additional columns with wires, excluding the cement, are also set up in order to determine the 

corrosion rate of each type of wire. The columns that include the cement will therefore determine 

whether the cement will influence the corrosion rate of the wires. The samples are exposed to the 

expected “most severe” conditions such as acidic pH, 30˚C and heavy rainfall (referred to as ‘flash 

floods’) in the different types of soil. Control samples of the three different soil types are also prepared 

and exposed to flash floods of neutral pH water at moderate temperatures (between 20˚C and 30˚C). 

• There are 36 soil columns in total that allow for differentiation between the different types of soil (sand, 

loam and clay), at different pH levels (slightly acidic and acidic), varying rainfall (prolonged rainfall and 

flash floods), different temperatures (ranging from 20˚C to 30˚C) and the addition of cement.  
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Figure 13-1. Experimental setup and variables tested. 

13.3. Results 

Results are detailed in Table 13-1, Figure 5-2, Box 7b and the relevant publications emanating from this study.  

Summaries are supplied in Table 13-1 and Figure 5-1; letters A-ZA relate to those presented in Figure 13-1. 

The leachates of the various metals were found to be much lower than their individual weight-loss measurements.  

This suggests that either (i) significant amounts of corrosion products still remain in the soil columns, or (ii) on the 

metal surface itself.  The latter scenario is likely to be truer since excess corroded products formed on the metal 

surfaces were removed by means of acid cleaning procedure in order to determine the corrosion rates.  

The cumulative formaldehyde leached from different textured soil types are shown in Figure 5-2.   Contrary to 

expectation, formaldehyde persists in soils and slowly percolates through the soil for periods of at least 14 weeks.  

Different environmental conditions, such as soil type, changes in temperature, rainfall amount and rainfall pH do not 

appear to affect the amount of leachate or the mobility rate through soils, although sand allows more effective 

leaching.  
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Table 13-1: Concentrations of aluminium, iron, zinc and copper leached from the sample columns over a period of 24 
weeks. 

Sample 
Identification 

Al (µg/L) Fe (µg/L) Zn (µg/L) Cu (µg/L) 

Week 8 16 24 Ʃ 8 16 24 Ʃ 8 16 24 Ʃ 8 16 24 Ʃ 

COFFIN SAND                 

A slightly acidic 20 
prolong 

370 560 100 103
0 

200 0 100 300 100
0 

100
0 

130
0 

330
0 

50 18 55 123 

B slightly acidic 30 
prolong 

450 730 210 139
0 

100 400 500 100
0 

150
0 

200
0 

0 350
0 

47 144 86 277 

C acidic 20 prolong 250 630 450 133
0 

30 500 450 980 100
0 

0 500 150
0 

303 0 74 377 

D acidic 30 prolong 500 158
0 

680 276
0 

0 100 650 750 150
0 

150
0 

120
0 

420
0 

50 220 321 591 

E slightly acidic 20 
flash 

50 100 300 450 50 50 100 200 500 100
0 

0 150
0 

99 5 324 428 

F slightly acidic 30 
flash 

90 200 420 710 50 300 400 750 150
0 

250
0 

100
0 

500
0 

116 17 453 586 

G acidic 20 flash 20 180 100 300 100 100 200 400 150
0 

300 500 230
0 

275 300 264 839 

H sand acidic 30 
flash 

10 100 500 610 850 800 950 260
0 

300
0 

200
0 

500 550
0 

398 554 324 127
6 

I sand control 0 0 0 0 400 350 0 750 0 0 0 0 0 0 0 0 

Total Sand (Ʃ) 174
0 

408
0 

276
0 

858
0 

178
0 

260
0 

335
0 

773
0 

115
00 

103
00 

500
0 

268
00 

133
8 

125
8 

190
1 

449
7 

COFFIN SILT                 

J slightly acidic 20 
prolong 

0 50 320 370 150 500 650 130
0 

150
0 

150
0 

0 300
0 

6 166 327 499 

K slightly acidic 30 
prolong 

20 380 170
0 

210
0 

100 200 750 105
0 

0 150
0 

500 200
0 

13 80 876 969 

L acidic 20 prolong 100 370 950 142
0 

100 100 50 250 500 100
0 

0 150
0 

8 19 43 70 

M acidic 30 prolong 100 280 240
0 

278
0 

50 100 50 200 0 150
0 

0 150
0 

0 0 175
4 

175
4 

N slightly acidic 20 
flash 

40 50 500 590 50 200 50 300 0 500 0 500 78 80 213 371 

O slightly acidic 30 
flash 

200 10 600 810 50 100 150
0 

165
0 

0 100
0 

500 150
0 

41 120 235 396 

P acidic 20 flash 100 50 320 470 0 150 50 200 100
0 

500 0 150
0 

111 20 785 916 

Q acidic 30 flash 100 50 480 630 750 700 140
0 

285
0 

0 500 100
0 

150
0 

214 103
0 

756 200
0 

R silt control 10 0 0 10 300 300 0 600 0 0 0 0 0 0 0 0 

Total Silt (Ʃ) 670 124
0 

727
0 

918
0 

155
0 

235
0 

450
0 

840
0 

300
0 

800
0 

200
0 

130
00 

471 151
5 

498
9 

697
5 

COFFIN CLAY                 

S slightly acidic 20 
prolong 

50 500 430 980 50 100 650 800 0 500 100
0 

150
0 

13 18 54 85 

T slightly acidic 30 
prolong 

20 450 670 114
0 

20 100 800 920 500 150
0 

500 250
0 

123 100 826 104
9 

U acidic 20 prolong 20 90 400 510 50 100 450 600 0 0 500 500 10 117 645 772 

V acidic 30 prolong 10 560 265
0 

322
0 

400 50 245
0 

290
0 

0 300
0 

800 380
0 

187 150 152
6 

186
3 

W slightly acidic 20 
flash 

10 50 400 460 50 500 300 850 0 500 500 100
0 

156 100 321 577 

X slightly acidic 30 
flash 

20 100 700 820 100 100 600 800 500 180
0 

250
0 

480
0 

15 111 754 880 

Y acidic 20 flash 10 200 560 770 50 200 300 550 0 100
0 

500 150
0 

84 0 670 754 

Z acidic 30 flash 30 800 150
0 

233
0 

100 200 50 350 500 150
0 

500 250
0 

15 185 111 311 

ZA clay control 20 0 0 20 0 200 0 200 0 0 0 0 0 0 0 0 

Total Clay (Ʃ) 190 275
0 

731
0 

102
50 

820 155
0 

560
0 

797
0 

150
0 

980
0 

680
0 

181
00 

603 781 490
7 

629
1 
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14. VZSA5: FLOW ALONG THE SOIL-ROCK INTERFACE 

Luke B. BROUWERS & Matthys A. DIPPENAAR 

14.1. Motivation for Study 

This section is a summary of the experimental work published by Brouwers (2017) and Brouwers and Dippenaar 

(2018).   

In terms of hydrological risk, it is imperative to assess the movement of water from a soil material into fractured rock 

at partial water saturation.  This is done in conjunction with other Water Research Commission projects, and 

addresses the very important hydrological processes occurring as water (possibly contaminated from, for instance, 

cemetery sites) passes from soil into fractured bedrock.  Whether the coffin is placed above the soil-rock interface in 

the soil material, or on the contact itself (as excavation conditions will likely be too hard for placement within bedrock 

alone), will have fundamental implications on the possible flow mechanisms and directions in the subsurface.   

14.2. Study Description 

Laboratory models were constructed using pluviated sand and acrylic sheets under geotechnical centrifugal 

acceleration.  Visual observations qualitatively represent the various flow mechanisms as functions of time, 

saturation and water supply.  

14.3. Results 

Results are shown in Box 3b, Box 5c and the relevant publications emanating from this research. 

The derived conceptual model is shown in Figure 14-1, where the following were observed: 

a) Formation of dispersion plume during initial saturation that encounters a capillary barrier at the soil-rock 

interface;  

b) Combined capillary barrier and multiple flow mechanisms for variably saturated flow at the soil-rock 

interface;  

c) Final drying phase outcome with invasion of drying plume and static droplets with extinct rivulets in the 

fracture;  

d) Final rewetting phase outcome with the formation of a rewetting dispersion plume and larger main draining 

rivulets resulting in decreasing saturation with depth inside the fracture 
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Figure 14-1. Conceptual model for variably saturated flow from soil into a discrete fracture. 
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15. VZSA6: FONTEIN STREET CEMETERY, STEVE TSHWETE LOCAL MUNICIPALITY 

Sarah N. MAHLANGU, Lehlohonolo APHANE, Simon LORENTZ, Roger E. DIAMOND and Matthys A. DIPPENAAR 

15.1. Motivation for Study 

The Fontein Street Cemetery (henceforth Fontein St) management has noted issues related to flooding of graves and 

the close proximity of a drainage channel to the site.  Coupled with a landfill on an adjacent property, the dense 

residential development around the site, and the need for additional land for burial in the municipality, access was 

granted for investigation of Fontein St.  The final results are published in Aphane (2018) and Mahlangu (2018). 

15.2. Study Description 

15.2.1. Site locality and prevailing conditions 

The site is situated on the southeastern corner of Samora Machel Street (previously Fontein Street, after which the 

cemetery is named) and Verdoorn Street, with access being from the latter.  The site is bound to the south by a 

historical landfill presently used as a sports field.  A drainage channel occurs at the northwestern corner of the site 

and residential developments occur to the east (Figure 15-1).   

The first burial took place in 1959 and approximately 32 846 graves were recorded until 2015.  The site is bounded 

by a historic landfill that is presently used as a sports ground.  Residential development occurs to the east, and a 

drainage channel and open veldt are found to the west and north. 

15.2.2. Climate 

Figure 15-2 indicates the monthly rainfall at Middelburg for the period the study was conducted. The data was 

obtained from the South African Weather Service and was recorded from a rainfall station closest to the site. The 

results indicate that Middelburg received a mean precipitation (MAP) of 61 mm/month and a total volume of about 

726 mm/yr. from the beginning of February 2016 to end of January 2017. Though Middelburg experienced some 

rainfall during winter or the dry season, most of its rainfall occurred during summer from October to March with the 

highest volume experienced during March and November. 
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Figure 15-1: Contour Map of the study area indicating sampling positions for the monitoring programme. 
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Figure 15-2: Monthly rainfall in Middelburg obtained from a weather station closest to the study area (SAWS, 2017). 

15.2.3. Regional hydrology and geology 

Regional drainage is within the B12D quaternary catchment of the Olifants Water Management Area (WMA) 4.  A 

drainage channel is present at the northwestern boundary of the site, draining in a northeastern direction. 

The site is underlain by Dwyka Group tillites and/ or shales of the Karoo Supergroup near the contact with the Loskop 

Formation shale, sandstone, conglomerate and lavas of the Rooiberg Group.  Diabase is intruded sporadically 

between the Rooiberg and Dwyka Groups. 

15.3. Data Acquisition 

15.3.1. On-site drilling and sampling 

Boreholes sampled during the study are summarised in Figure 15-2 and shown on Figure 15-1. Following drilling in 

April 2016, most of the boreholes were dry.  This can likely be ascribed to the shallow depth of boreholes given that 

mudrocks expanded during drilling and deeper drilling was not possible. 

Table 15-1: Onsite borehole details (Fontein Street). 

ID Depth 
(mbgl) 

Static Water 
level (mbgl) 

Location (Lat, Long, 
Elevation) 

Borehole construction 

BH1S 1.56 Dry 25°35’57.6”S 
28°27’04.8”E 
1388 m 

Equipped with 53 mm PVC plastic casing to depth, capped 
at both ends 

BH1D 3.74 Dry 25°47’17.0”S 
29°27’38.1”E 
1488 m 

Equipped with 6 m long, 6.5” diameter perforated steel 
casing and 53 mm PVC plastic casing to depth, capped at 
both ends inside the steel casing 

BH2D 8.10 5.13 25°47’24.75”S 
29°27’51.7”E 
1500 m 

Equipped with 6 m long, 6.5” diameter perforated steel 
casing and 53 mm PVC plastic casing to depth, capped at 
both ends inside the steel casing 

BH3D 5.42 Dry 25°47’26.6”S 
29°27’42.8”E 
1499 m 

Equipped with 6 m long, 6.5” diameter perforated steel 
casing and 53 mm PVC plastic casing to depth, capped at 
both ends inside the steel casing 

BH4S 1.60 Dry 25°47’19.4”S 
29°27’40.5”E 

Equipped with 53 mm PVC plastic casing to depth, capped 
at both ends 
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15.3.2. Hydrocensus 

A hydrocensus was carried out, the aim being to determine other water sources within at least 1 km radius of the 

study area. The radius was however extended to more than 1 km with the aim of finding at least one or more 

boreholes upstream of the study area.  A stream which runs in a northeasterly direction, situated downgradient of 

the study area, was also profiled during conduction of the hydrocensus (Figure 15-1). 

Monitoring points were selected from upstream to downstream of the study area. A point was selected upstream of 

the two dams, one point just after the dams, next point adjacent to the study area and the other downstream from 

the study area. There are a few wetlands along the stream. These areas are completely vegetated and the grass is 

kept short by cutting frequently and left open, no visible infrastructure around the area 

During conduction of hydrocensus, samples were collected from identified boreholes.  However water levels could 

not be measured as the boreholes were already equipped with pumps. It was quite easy to find household with 

boreholes as they have signs at their gates marked “Boorgat” meaning boreholes. Table 15-2 presents a list of the 

hydrocensus boreholes and stream sampling positions as well as their locations relative to the study area. The 

hydrocensus boreholes and stream sampling positions were included in the monitoring programme. The boreholes 

importance became visible as one can compare deep aquifer water to shallow and they were as well used as backup 

for the monitoring, sampling of boreholes upstream and downstream of the study area when most of the boreholes 

within the cemetery were dry. Municipal water was also added to the sampling programme, water was collected 

from a tap located within the study area. 

Table 15-2: Hydrocensus monitoring points. 

Monitoring 
Position 

Lat Long Elevation Location 

BH5A -25.783151° 29.462501° 1479.91 About 1 km downgradient of study area to 
the south of the stream 

BH14 -25.783451° 29.461277° 482.17 About 1 km downgradient of the study area 
and North of the stream 

BH17 -25.786920° 29.469209° 1482.08 About 1 km downgradient of the study area 
and North of the stream 

Mall BH -25.805042° 29.458587° 1528.02 About 1.5 km Upgradient of study area 

Athlone Dam -25.799125° 29.446539° 1506.16 Upstream of Athlone and Kruger dam, 
upstream of all stream sampling points 

Stream A -25.790186° 29.454928° 1492.88 Upstream before the study area and just 
after the dams 

Stream B -25.786270° 29.459702° 1485.45 Adjacent to the study area 

Stream C -25.782308° 29.465152° 1476.01 Downstream After the study area 

Mun1       Municipal Tap at study area 

15.4. Results 

15.4.1. Groundwater levels 

Monitoring of the borehole water levels started in April 2016 and was done during every site visit using a dip metre. 

Figure 15-3 indicates the boreholes water level changes throughout the monitoring programme. Note that BH2D 

shows a clear pattern of changing water level with changing season as it never went dry and was drilled well below 

the water table. Most of the boreholes were dry as they were very shallow and drilled to a depth above the water 

table.  
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The groundwater levels are plotted together with the daily rainfall in to show the area’s water table’s response to 

rainfall or no rainfall. The recorded rainfall data is as expected for the area, with more rainfall in summer and less in 

winter.  

 
Figure 15-3: Borehole water levels versus rainfall. 

15.4.2. Stream Water Depths 

During sampling of the stream, the stream dimensions were measured at each sampling position and this included 

the depth to the riverbed. Figure 15-4 indicates the water depths measured for the three stream sampling positions. 

Note that the monitoring programme for the stream was only started during the rainy season in November; hence 

the data is presented from November 2016. 

 
Figure 15-4: Stream water depths. 

 

Figure 15-5 indicates a plot of stream water depths with rainfall. Note that the sampling points were downstream of 

two dams which are indicated as wetland areas. Thus the water quantity in the stream is controlled by both rainfall 

events and also what was coming from upstream, from the dams. Though there is a significant change in gradient 

from the cemetery area to the stream, the stream does not receive much runoff from upstream as the area is 

completely vegetated thus much highly induced infiltration which might slightly be hindered by the clayey soil in the 

area. There is however roads near the streams which induce runoff, with drains ending at the streams.  
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Figure 15-5: Stream water quantity response to rainfall events and changing season 

15.4.3. Isotope Data – Deuterium and Oxygen-18 

Water samples collected were analysed for general chemical parameters as well as isotope. This report will mainly 

highlight on results obtained from isotope analysis. 

The following explains how the analyses of samples for deuterium and Oxygen-18 were carried out by the UKZN 

Centre for Water and Resources Research; the preparation and measurements are explained and the results obtained 

are presented; 

Sample Preparation 

Samples were shaken to equilibrate and 1.5 ml of each sample was pipetted into marked autosampler vials with a 

fresh pipette tip. The samples were then capped with septa and stacked into the autosampler tray. A set of three 

standards was placed in the autosampler tray before every 5 samples to be analysed as well as after the last 5-sample 

set. The six samples supplied were analysed in triplicate to assess the consistency of the analysis.  

The standards used have been prepared by calibration against the following known standards: LGR2 (δ2H -117.00, 

δ18O -15.55), VSMOW2 (IAEA) (δ2H 0.0, δ18O 0.0) and IA-RO53 (IAD) (δ2H -61.97, δ18O -10.18). The accuracy of the 

standards calibration is presented in Figure 15-6. 

Sample Measurements 

The spectrum of the analyzer was verified and the sub-sampling of the autosampler programmed. Each sample and 

standard was sub-sampled and analysed 6 times using a Los Gatos Research (LGR) DT-100 Liquid Water Isotope Laser 

Analyser. 

Sample Analysis 

The LGR DT-100 analyser does not report δ values on a V-SMOW scale, but as 2H/H and 18O/16O ratios. Post 

processing therefore requires determining these ratios for the standards, developing a relationship between the 

known V-SMOW δ values and the measured ratios of the standards (Table 1-3) and then applying the relationship to 

the sub-sample measured ratios. Post processing checks included:  

Temperature variation (rate of change was less than 0.3°C/hour and standard deviation for each measurement less 

than 0.004°C),  
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Figure 15-6: LGR – 100 Accuracy of standard preparations. 

 

Sub-sample density (the density was between 2 to 4x1016 molecules/cm3 and standard deviation between 

measurements less than 1000 times smaller than the injected density),  

Deviation of the 2H/H and 18O/16O ratios (Standard deviation of 2H/H ratio was less than 1000x smaller than 

measured ratio; 18O/16O was less than 3000x smaller than measured ratio).  

Each sub-sample result is reported as the average and standard deviation of injections 3-6 of the 6 sub-sample 

determinations. The standard deviation of the 2H results was less than 1 (‰) and for the 18O samples, less than 0.25 

(‰). 

The data for deuterium and oxygen-18 analyses is presented in Table 15-3, showing the reported values and standard 

deviations. The results are also plotted in Figure 15-7 against the global meteoric water line. 

Table 15-3: Water Samples: δ2H and δ18O analysis 

Sample 
No. 

Sample 
Name 

Sampling 
Date 

Analysis Date δ2H 
Reportable 
Value (‰) 

δ2H 
Standard 
Deviation 
(‰) 

δ18O 
Reportable 
Value (‰) 

δ18O 
Standard 
Deviation 
(‰) 

1 BH14A 08/11/2016 18/11/2016 -9.26 0.58 -1.72 0.23 

2 StreamB 20/10/2016 18/11/2016 11.80 0.31 1.74 0.12 

3 Mall BH 08/11/2016 18/11/2016 -21.41 0.63 -3.61 0.07 

4 StreamA 20/10/2016 18/11/2016 12.86 0.61 3.23 0.10 

5 BH5A 08/11/2016 18/11/2016 -14.13 0.77 -2.25 0.19 

6 BH2D 20/10/2016 18/11/2016 -14.51 0.73 -3.07 0.22 

7 BH17 08/11/2016 18/11/2016 -10.35 0.20 -2.92 0.24 

8 StreamC 20/10/2016 18/11/2016 11.33 0.78 0.79 0.22 
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Figure 15-7: Sample values vs. the global meteoric water line. 

 

Data quality control 

The quality and accuracy of the obtained isotope data was checked and is presented in Table 15-4 and Figure 15-8. 

Table 15-4: LGR DT – 100 Standard checks. 

SBEEH 
STANDARD 

Calibrated δ2H 
(‰) 

Current run 
δ2H (‰) 

Std Dev 
Current run 
δ2H (‰) 

Calibrated 
18O(‰) 

Current run 
δ18O(‰) 

Std Dev 
Current run 
δ18O(‰) 

IO -8.63 -8.30 0.50 -1.50 -1.53 0.11 

IO/SW -36.08 -39.74 1.00 -5.80 -5.75 0.18 

SW -72.58 -72.25 0.67 -9.93 -9.95 0.14 

15.4.4. Results 

When it rains, water hits the ground with a certain isotope composition of oxygen-18 and deuterium (δ18O and δ2H), 

some water infiltrates the ground, and some of it eventually recharges the groundwater while some evaporates from 

the surface and vadose zone. Some is transported to the nearest water bodies as runoff, through interflow or through 

groundwater-surface water interaction. During recharge to groundwater, mixing of old water and recently recharged 

water occurs, the same happens when groundwater feeds surface water or the other way around. A simple water 

cycle conceptual model of the study area is indicated by Figure 15-8. All these processes bring about changes in 

isotopic composition.  
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Figure 15-8: Conceptual model of Fontein Street Cemetery indicating the changes in isotopic ratios within the water 

cycle (not to scale). 

 

Figure 15-9 indicates results obtained from the analysis of the stable water isotopes (deuterium and Oxygen-18). The 

results are explained as below. 

 
Figure 15-9: Sample values vs. the global meteoric water line, also showing groundwater and stream flow directions. 
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Removing of water from the system 

Other processes that may usually result in isotopic changes are usually human induced, and one perfect example is 

pumping or removing water from the aquifer. From the hydrocensus that was carried out, it was found out that some 

people that have boreholes in their households are pumping water out of the aquifer. As mentioned in the above 

section, evaporation always occurs and this also is an example of removing water from the system, resulting in 

fractionation and thus isotope composition 

Groundwater vs Surface water 

The results in Figure 15-9 are clearly grouped as either groundwater or surface water. All results obtained from 

surface water samples plot in the 1st quadrant where both δ18O and δ2H  are positive whereas results obtained from 

the analysis of groundwater samples plot in the 3rd quadrant where δ18O and δ2H  are both negative.  

This simply indicates that surface water is enriched with heavy isotopes while groundwater is depleted with heavy 

isotopes, reason being that the stream water is exposed to air and will continuously evaporate resulting in depletion 

in lighter isotope and increased concentration of heavy isotopes. The opposite is true for groundwater which is less 

exposed to the atmosphere and thus less prone to evaporation resulting in depleted concentration of heavy isotopes. 

This kind of arrangement is expected. 

Figure 15-9 indicates the surface water flow direction and the changes in isotopic composition. Take note of how 

δ18O and δ2H isotopic composition changes as one moves from upstream where the sample indicates water 

enriched with heavy δ18O and δ2H isotopes to downstream where the water is depleted with δ18O and δ2H. This 

may either be depicting less evaporation due to trees around the sampling points or old groundwater feeding into 

the stream as one move downstream. The groundwater-surface water interaction may be confirmed by the fact that 

the depth to water table decreases as one moves downgradient towards the stream from the cemetery area. Note 

that the area itself is characterised by wetlands around the stream which gives high confidence that groundwater 

might be feeding into the stream. 

The Global Meteoric Water Line 

The Global Meteoric Water line (GMWL) is a line derived from precipitation data around the globe. Thus any sample 

that plots on or very close to this line may depict rainwater.  

Precipitation is an ultimate source of groundwater. This enables the use of δ18O and δ2H a useful tool that can be 

used to trace water sources. Note that the boreholes sampled are of different depth as indicated in the data section. 

BH2D is the shallowest borehole which is about 8 metres deep while the depths of other hydrocensus boreholes are 

unknown, but expected to be deeper than 8 m. When rain hits the ground, its travel time to reach groundwater 

determines the changes in isotopic composition. Shallow water tables will more likely result in isotopic composition 

similar to that of rain. However, mixing with old water with a certain isotopic composition also occurs when rainwater 

recharges the groundwater, the amount of rain recharging will determine if the rain’s isotopic composition will have 

a significant change in the groundwater isotopic composition.  

The fact that BH2D is shallow and plots exactly on the GMWL makes sense as this borehole is very shallow, and water 

samples are collected at a very shallow depth as compared to other boreholes sampled. This thus indicates recently 

recharged water, which is more likely possibly dissolved with highly soluble components of the soil. This will however 

be confirmed by the chemical composition of the water sample collected. 

Results for other boreholes indicate old water; that has been recharged a while ago. 

More results will be provided in order to ensure statistically meaningful data and a better interpretation of changing 

isotopic composition due to processes involved in water transport and changing season. 
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15.5. Site Suitability Ranking 

Using absolute best-case and worst-case scenario data acquired during the site investigation, the site can be ranked 

as unacceptable (mostly due to engineering or mechanical constraints) to very good for development as a cemetery 

(Box 12). 

Shallow interflow and a proximate drainage channel contribute to possible water-related issues at the site.  Proximate 

residential and commercial developments and the old municipal landfill upslope of the site may contribute to water 

quality issues. 

Likely the biggest constraint on the suitability of the cemetery site is the development constraining possible future 

expansion of the site.  Although very likely suitable for a cemetery in greenfields state, the site cannot expand further 

without infringing on the flood plains of the proximate drainage channel. 
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16. VZSA7: CAPE TOWN CENOZOIC SAND CEMETERIES CASE STUDY 

Chantelle SCHMIDT, Elsie MPYE, Jana OLIVIER and Matthys A. DIPPENAAR 

16.1. Motivation for Study 

The Cape Town Cenozoic Sand Cemeteries is facing special issues with respect to drainage and stability of graves 

excavated in Cenozoic sand deposits.  The Maitland, Welmoed and Delft cemeteries form part of this combined study, 

looking at the flow and contaminant transport through the unconsolidated sands. 

The purpose of the study is to investigate the fate and transport of various contaminates within the Cape Flats 

Aquifer. Welmoed Cemetery was as contaminants are potentially not solely derived from the cemetery, but also 

possibly from proximate agricultural, industrial and animal-related industries.  

Welmoed Cemetery is approximately 94 hectares in spatial extent and is located in Eerste Rivier (Western Cape) 

approximately 30 km east of Cape Town.  A small piggery is situated directly to the north, and informal settlements 

are found further to the north.  Agricultural land, predominantly vineyards, is found to the east, and the residential 

area Penhill Estate is located to the south.  To the east of Welmoed Cemetery, along Van Riebeeck Road, is an 

industrial area comprising liquid petroleum gas storage and distribution and a vehicle transport and storage facility. 

The final results are published in Mpye (2018) and Schmidt (2018). 

16.2. Study Description 

The topography is characterised by low relief, and the site slopes in a south-western direction with the eastern site 

boundary rising to approximately 55 mamsl and the south-western side dipping slightly to 35 mamsl. 

The climate in Cape Town is described as Mediterranean, with wet winters and warm, dry summers. Climate is 

classified as Csa (warm temperature with hot, dry summers) by the Koppen-Geiger classification system (Peel et al., 

2007). Temperatures average 10°C in winter to 27°C in summer. According to the quaternary catchments dataset for 

South Africa, the study area falls within the G22E Quaternary Catchment of the Water Management Area 19 (Berg). 

The mean annual precipitation (MAP) for the G22E Quaternary Catchment is approximately 563 mm (with most 

rainfall occurring during June, July and August) and the Simons Pan Mean Annual Evaporation is estimated as 1410 

mm (WRC, 2012). Humidity in Cape Town averages at about 70% (DWA, 1996). 

Collectively the accumulation of Cenozoic Sands, extending from the Cape Peninsula along False Bay inland towards 

Bellville and along Table Bay to Elands Bay, is known as the Cape Flats.  These Cenozoic Sediments, deposited in 

fluvial, aeolian and shallow marine environments, form the Sandveld Formation and unconformably overlie the 

Malmesbury Group, Cape Granite Suite and Table Mountain Group basement rocks (Theron et al., 1992).  The Cape 

Flats is an area of low relief, and at its boundaries where the Cenozoic sedimentary deposits are absent and the Table 

Mountain Group unconformably overlies the basement rocks (Seyler et al., 2016). 

The unconsolidated Cenozoic sediments of the Sandveld group form what is known as the Cape Flats Aquifer.  The 

Cape Flats Aquifer is a primary intergranular aquifer which is almost wholly saturated as groundwater levels are 

within a few metres of the ground level. In certain cases the water table intersects the ground surface forming 

wetlands or marsh/vlei areas (DWAF, 2008). 
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The Elandsfontyn, Springfontyn and Witzand Formations form the major aquifer within the Cape Flats Aquifer and 

the hydraulic nature of these aquifers depend on scale. The Elandsfontyn Formation may be confined or semi 

confined by the clayey deposits above it; whereas the Varswater Formation may be confined to semi-confined by the 

calcrete of the Langebaan Formation. The Springfontyn Formation may be semi confined by local clay/peat lenses 

within it and the Witzand Formation is considered as an unconfined aquifer (DWAF, 2008). The unconfined nature of 

these aquifers makes them more susceptible to surface pollution (Browning and Roberts, 2015). The distinction of 

separate hydraulic units at a regional scale depends on the lateral continuity of the particular confining beds (peats, 

clays, calcretes layers) (Seyler et al., 2016). During soil profiling done on the study area it was confirmed that the clay 

lens is not continuous and occurs at different depths within the soil profile resulting in a heterogeneous character 

within the aquifer. Essentially the aquifer is made up of two portions: the upper perched aquifer above the clay lens 

and beneath this the main aquifer. Water samples collected will thus represent only the perched water system.  

16.3. Data Acquisition 

Characterisation of Welmoed Cemetery entailed the following (further elaboration in Schmidt, 2018 and Mpye, 

2018): 

• Site walkover, followed by soil profiling and soil sampling from hand auger holes 

• X-Ray Fluorescence Spectroscopy (XRF) and X-Ray Diffraction analyses  

• Double Ring Infiltration and Soil Percolation testing 

• Hydrocensus for proximate baseline water quality and levels 

• Frequent sampling of an on-site monitoring network established during the field work phases. 

• Hydrocensus positions are shown and described in Figure 16-1 and Table 16-1. 

Welmoed Cemetery is shown in Figure 16-2 and Table 16-2.  A number of sampling sites were identified for sampling 

and field hydraulic testing.  As the cemetery is still being developed, access to all portions was not possible. 

Table 16-1. Hydrocensus results around Welmoed Cemetery (City of Cape Town). 
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Onze Rust 33° 58' 15.92"S 
18° 44' 43.12"E 

0 0.6 0.6 96 
Wetland and spring on farm. Very 
shallow groundwater level. 

Onze Rust-
Spring 

33° 58' 16.46"S 
18° 44' 43.12"E 

n/a 0  95 

Reyneke Wines 33° 57' 17.56"S 
18° 45' 4.91"E 

0 25.65 25.65 195 
One borehole on farm. 

59 Herbert 
Penny Rd 

33° 59' 44.27"S 
18° 44' 5.83"E 

0.2 7.25 7.05 50 
 

Palm Parks 
Primary School 

33° 59' 44.51"S 
18° 43' 10.17"E 

0 5.98 5.98 29 
Two boreholes on school 
property, access to one. 

Malibu High 
School 

33° 59' 41.88"S 
18° 41' 43.25"E 

   60 
Borehole on school ground but no 
access as borehole is sealed off. 

Stratford 
Primary School 

34° 0' 24.6"S 
18° 43' 41.05"E 

   24 
Borehole on school ground but no 
access as borehole is sealed. 

Delmonte Hall 33° 58' 5.53"S 
18° 42' 19.33"E 

   60 
No access. 

Begonia Road 33° 57' 46.25"S 0 1.5 1.5 61 Hand dug pit/ well 
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18° 42' 6.7"E 

 
Figure 16-1. Hydrocensus positions at the Welmoed Cemetery (City of Cape Town). 

 

 
Figure 16-2. Locality and sampling positions at the Welmoed Cemetery (City of Cape Town). 
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Table 16-2. Sampling positions at the Welmoed Cemetery (City of Cape Town). 

Locality Co-ordinates Description 

  Downstream Piggery 

WWP8 33° 59’ 08.34” S 
18° 43’ 17.18” E 

Located on the northern border of Welmoed cemetery, south-west downstream 
of the piggery. 

WC4 33° 59’ 05.31” S 
18° 43’ 26.17” E 

Located on the northern border of Welmoed cemetery, downstream on the 
piggery. 

DSP 33° 59’ 02.42” S 
18° 43’ 31.04” E 

Located on the northern border of Welmoed cemetery, downstream on the 
piggery. 

  Downstream Agricultural Land 

WWP6 33° 58’ 55.63” S 
18° 43’ 47.57” E 

Located on the top northern corner of Welmoed Cemetery downstream of 
agricultural land. 

DSA 33° 59’ 4.05” S 
18° 43’ 44.93” E 

Located on the northern end of Welmoed Cemetery south of locality WWP6, 
downstream of agricultural land. 

  Central Cemetery and Downstream Burial Ground 

EM1 33° 59’ 17.81” S 
18° 43’ 22.79” E 

On the western boarder of Welmoed Cemetery, downstream of the first portion 
of burial ground currently at capacity. 

EM2 33° 59’ 16.71” S 
18° 43’ 21.33” E 

On the western boarder of Welmoed Cemetery, downstream of the first portion 
of burial ground currently at capacity. 

CCPW2 33° 59’ 11.00” S 
18° 43’ 28.30” E 

Downstream of sampling locality WD4 and DSP and upstream of EM1 and EM2. 

  Downstream Welmoed Cemetery 

DSC 33° 59’ 21.05” S 
18° 43’ 28.47” E 

Located on the western end of Welmoed Cemetery and represents water exciting 
the cemetery. 

PHW 33° 59’ 29.45” S 
18° 43’ 31.75” E 

Located downstream of Welmoed Cemetery within Penhill Estate. 

DDD 33° 59' 22.15" S 
18° 43' 8.63" E 

Located to the southwest of Welmoed Cemetery, downstream of the industrial 
area. 

During each quarterly sampling excursion, field parameters pH, EC, TDS and temperature were recorded using a 

multi-parameter meter.  The existing boreholes, WWP8 and WWP6, were dry during the April 2017 to January 2018 

sample runs.  During April 2017, localities CCPW2 and DSC were dry.  Locality DDD was installed in July 2017 but was 

destroyed in October 2017.  The remaining localities were all successfully sampled. 

16.4. Results 

16.4.1. Field observations 

An initial three hand auger holes were excavated prior to installation of the monitoring network.  Field observations 

are detailed in Table 16-3.  Water levels, if encountered, are at very shallow levels, although it is not possible at this 

stage to infer whether it represents a shallow phreatic system or a shallow perched system. 

Table 16-3. Field observations at W1, W2 and W3 (Welmoed Cemetery). 

 Site W1 Site W2 Site W3 

Borehole depth (m) 2.3 1.76 2.37 

Stabilized water level (m)  - 0.9 1.15 

Comment  Water table was not reached. Auger hole collapsed 
below the casing at 2.3 m. 
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16.4.2. Soil profile descriptions 

Soil profiles as described on-site are shown in Figure 16-3 to Figure 16-5.  Materials were generally described as sands 
with shallow water levels (1-2 m depth) encountered in profiles B and C. 

 
Figure 16-3. Welmoed soil profile A. 

 

 
Figure 16-4. Welmoed soil profile B. 
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Figure 16-5. Welmoed soil profile C. 

16.4.3. Analytical results: field hydraulic 

Results of percolation tests conducted until steady-state conditions are shown in Table 16-4 and Figure 16-6.  

Infiltration rates are roughly in the order of 3 x 10-7 to 1 x 10-7 m/s.  Under the assumption that tests have reached 

saturation, and that flow is solely in a vertical direction under a hydraulic gradient of one, this implies a hydraulic 

conductivity of roughly 1 x 10-7 m/s.  As it is understood that tests never truly reach full saturation, especially in 

sandy soils, this is taken as a lower-than-maximum possible hydraulic conductivity, and is understood to be relevant 

as a percolation rate, but not as a saturated hydraulic conductivity. 

Table 16-4. Double ring infiltration test results: Welmoed Cemetery. 

 dh (mm) 10 20 30 40 50 

Test 0 Time per interval (s) 36.64 42.57 41.38 42.5 49.32 

 Cumulative time (s) 36.64 79.21 120.59 163.09 212.41 

 Infiltration Rate (m/s) 2.35E-07     

Test 1 Time per interval (s) 38.47 51.36 52.46 56.18 61.04 

 Cumulative time (s) 38.47 89.83 142.29 198.47 259.51 

 Infiltration Rate (m/s) 1.93E-07     

Test 2 Time per interval (s) 85.26 84.42 88.66 99.53 105.99 

 Cumulative time (s) 85.26 169.68 258.34 357.87 463.86 

 Infiltration Rate (m/s) 1.08E-07     
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Figure 16-6. Double ring infiltration test results: Welmoed Cemetery. 

 

Results of percolation tests conducted until steady-state conditions are shown in Table 16-5 and Figure 16-7.  

Percolation rates are roughly in the order of 8 x 10-7 to 1 x 10-6 m/s.  Under the assumption that tests have reached 

saturation, and that flow is solely in a vertical direction under a hydraulic gradient of one, this implies a hydraulic 

conductivity of roughly 1 x 10-6 m/s.  As it is understood that tests never truly reach full saturation, especially in 

sandy soils, this is taken as a lower-than-maximum possible hydraulic conductivity, and is understood to be relevant 

as a percolation rate, but not as a saturated hydraulic conductivity. 

 

Table 16-5. Percolation test results: Welmoed Cemetery. 

 dh (mm) 10 20 30 40 50 

Test 0 Time per interval (s) 8.71 8.32 9.49 9.08 9.41 

 Cumulative time (s) 8.71 17.03 26.52 35.6 45.01 

 Percolation rate (m/s) 1.11E-6     

Test 1 Time per interval (s) 10.06 9.55 10.79 10.41 10.03 

 Cumulative time (s) 10.06 19.61 30.4 40.81 50.84 

 Percolation rate (m/s) 9.83E-7     

Test 2 Time per interval (s) 11.94 10.17 11.34 9.16 12.26 

 Cumulative time (s) 11.94 22.11 33.45 42.61 54.87 

 Percolation rate (m/s) 9.11E-7     

Test 3 Time per interval (s) 11.79 10.59 11.06 10.34 11.31 

 Cumulative time (s) 11.79 22.38 33.44 43.78 55.09 

 Percolation rate (m/s) 9.08E-7     

Test 4 Time per interval (s) 10.27 12.18 11.26 12.46 10.57 

 Cumulative time (s) 10.27 22.45 33.71 46.17 56.74 

 Percolation rate (m/s) 8.81E-7     

Test 5 Time per interval (s) 11.47 11.33 10.96 11.87 11.14 

 Cumulative time (s) 11.47 22.8 33.76 45.63 56.77 

 Percolation rate (m/s) 8.81E-7     

Test 6 Time per interval (s) 11.37 11.68 11.53 11.86 11.64 

 Cumulative time (s) 11.37 23.05 34.58 46.44 58.08 

 Percolation rate (m/s) 8.61E-7     
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Figure 16-7. Percolation test results: Welmoed Cemetery. 

 

16.5. Site suitability ranking 

Using absolute best-case and worst-case scenario data acquired during the site investigation, the site can be ranked 

as unacceptable (mostly due to shallow water seepage and expected excavation instabilities) to satisfactory for 

development as a cemetery (Box 12). 

Shallow interflow and a proximate drainage channel contribute to possible water-related issues at the site.  Proximate 

residential and commercial developments and the old municipal landfill upslope of the site may contribute to water 

quality issues. 

Likely the biggest constraint on the suitability of the cemetery site is the development constraining possible future 

expansion of the site.  Although very likely suitable for a cemetery in greenfields state, the site cannot expand further 

without infringing on the flood plains of the proximate drainage channel. 
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17. VZSA8: MICROBIOLOGICAL STUDIES OF SELECTED STUDY SITES 

Eunice UBOMBA-JASWA and Akebe L. K. ABIA 

17.1. Motivation for Study 

Monitoring the changes in microbial communities as well as the presence or absence of pathogens in soil samples 

from cemeteries, can serve as an early warning system of the possible negative impacts of cemeteries on the 

environment, groundwater, grave diggers and cemetery workers. The microbial content of soil is a reflection of a 

number of parameters including land use activity, which cause subtle changes over time in microbial populations. 

High through put screening provides an opportunity to conduct detailed microbial community analysis of cemetery 

soil samples and associated water bodies to determine if the same organisms are identified in both water and soil as 

well as if there are relationships between sampling depth (surface and burial) and microbial composition. 

17.2. Study Description 

The microbiological component of this work consisted in investigating if cemeteries could contribute to the pollution 

of groundwater. The experiments in this section consisted of culture and molecular (metagenomics).  Study sites 

included those previously discussed, viz. Fontein Street Cemetery the Cape Town Cenozoic Sands Cemeteries study. 

17.3. Data Acquisition 

17.3.1. Sample collection 

Water and soil samples were collected from four cemeteries. The Fontein Street Cemetery located in Middelburg 

(Mpumalanga) and three cemeteries in Cape Town (Western Cape), namely, Delft, Maitland and Welmoed. 

Soil Sampling 

Soil samples were collected at the surface and at a depth of 2 m. At the Middelburg Cemetery, samples were collected 

from three points – uphill from the cemetery (UP), around the centre of the cemetery (MID) and downhill from the 

cemetery (LOW). Here, soil was extracted using an industrial drill.  At the Maitland Cemetery, the soil was extracted 

using a hand augur. A borehole was drilled using the augur until the water table was met. The auger was emptied of 

soil at different depths of the boreholes. For microbial analysis the auger was emptied at the surface and at 2 m from 

six points – MS1, MS2, MS3, MS5, MS6 and MS7. The samples were aseptically collected, placed in sterile zip lock 

bags and transported to the laboratory for processing and analysis. 

Water sampling 

Water samples were only collected from the cemeteries located in Cape Town. Samples were collected in triplicate 

from hand augured boreholes as well as from wetlands (labelled as W Dam) located in the cemeteries. Once the 

boreholes were augured and the water level was consistent in the hole, a bailer was used to bail water out of the 
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borehole and water was then collected in sterile 500 mL plastic bottles and transported to the laboratory in cooler 

boxes for analysis.  

17.3.2. Enumeration of Escherichia coli from water samples 

Escherichia coli was enumerated using the colilert® 18 Quanti-Tray® 2000 system (IDEXX, SA) following the 

manufacturer’s instruction. Prior to analysis, the sampling bottle was inverted several times to allow proper mixing 

of the water sample. Each water sample (100 mL) was mixed with the Colilert® 18 reagent, allowed to stand until 

complete dissolution of the reagent and was then transferred into a Quanti-Tray® 2000. The trays were sealed using 

the Quanti-Tray® sealer and then incubated at 37˚C for 18-24 h. Plates were examined under UV and wells that 

fluoresced were recorded and the Most Probable Number (MPN) of E. coli in the sample inferred from the statistical 

table provided with the Colilert® 18 reagent and recorded as the Most Probable Number per 100 mL (MPN/100 mL). 

17.3.3. DNA extraction and Metagenomic analysis of soil samples 

Only soil samples were analysed for microbial diversity using metagenomics. Total DNA was extracted from the soil 

samples using the ZR Soil Microbe DNA MicroPrep™ (Zymo Research Corp., Irvine, U.S.A.) following the 

manufacturer’s instructions. The pure DNA was then sent to Inqaba Biotechnology, Pretoria, for next generation 

sequencing. 

17.4. Results 

17.4.1. Enumeration of E. coli 

The results obtained for the E. coli data are shown in Table 17-1. All E. coli counts <1 were considered as 0. Less than 

half of the sample sites (7/16; 43.75%) were positive for E. coli. The highest mean E. coli count (2419.6 MPN/100 mL) 

was recorded in water samples from Maitland (MD3 and MD4). 

17.4.2. Metagenomic analysis of soil samples 

Fontein Street Cemetery (Mpumalanga) 

The various taxonomic groups were not equally distributed amongst the various sample sites. Figure 17-1 shows the 

distribution of the most detected group in each taxon.  
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Table 17-1. Mean E. coli count for water samples collected at the Cape Town Cemeteries. 

Cemetery 
Sample 

Site 

Depth Replicate samples (MPN/100 mL) Geometric mean 
(MPN/100 mL) 

Standard 
Deviation  (m) 1 2 3 

Delft DM1 3.1 0 0 0 0.0 0.0 

DW1 na 0 0 0 0.0 0.0 

Maitland  
Wetlands 

MD1 na 1 1 4.1 1.6 1.8 

MD2 na 1 4.1 1 1.6 1.8 

MD3 na 2419.6 2419.6 2419.6 2419.6 0.0 

MD4 na 2419.6 2419.6 2419.6 2419.6 0.0 

Maitland 
Boreholes 

MM1 1.7 0 0 0 0.0 0.0 

MM2 2.8 0 0 0 0.0 0.0 

MM4 3.9 0 0 0 0.0 0.0 

MM5 2.5 0 0 0 0.0 0.0 

MM6 2 9.7 18.7 8.4 11.5 5.6 

MM7 2.7 0 0 0 0.0 0.0 

MM8 2.3 8.6 3.1 5.2 5.2 2.8 

Welmoed WD1 2.3 65.7 86.5 42 62.0 22.3 

WM2 1.8 0 0 0 0.0 0.0 

WM3 2.4 0 0 0 0.0 0.0 

 

Maitland Cemetery (Cape Town) 

Like the Fontein Street Cemetery, the various taxonomic groups in the Maitland samples were not equally distributed 

amongst the various sample sites (Figure 4). 

17.5. Discussion 

The overall aim of the microbial component of this work was to investigate the possible impact that cemeteries could 

have on the microbial quality of groundwater and to infer the possible health threats this may pose to humans.  

17.5.1. Enumeration of E. coli 

Escherichia coli is a well-known organism that has been used as an indicator of pollution in water and soils (Ashbolt, 

et al., 2001; Harwood et al., 2005; Horman et al., 2004). Also, E. coli is said to be an index (indicative of the presence) 

for Salmonella (Ashbolt et al., 2001). Similarly, Abia et al., found that there was a correlation between the abundance 

of E. coli and the presence of other pathogens like Salmonella sp., Shigella sp. and Vibrio cholerae in riverbed 

sediments (Abia et al., 2016). Although high levels of E. coli were detected at some of the sites in the present study 

(Table 1), conclusions could not be drawn regarding the possible presence of other pathogens because sampling was 

done only on a single day. Nevertheless, it is interesting to realise that E. coli was detected in water samples collected 

at depths of 2.3 m which is deeper than the burial depth of 1.8 m. This could imply the possible movement of 

microorganisms from decaying bodies down into surrounding groundwater bodies especially in areas like Maitland 

where water was detected at depths of 1.7 m (< 1.8 m). This hypothesis was not tested in the present study but could 

however be achieve by carrying out tracer studies. 
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Figure 17-1. Distribution of the most detected members in each taxon (up to the Family level) for the Middelburg 
cemetery samples. 
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Figure 17-2. Distribution of the most detected members in each taxon (up to the Family level) for the Maitland 
cemetery samples. 
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17.5.2. Metagenomic analysis of soil samples 

Metagenomics has been used in many fields of science including medicine (Padmanabhan et al., 2013). It is a culture-
independent approach to determine the microbial diversity of microorganisms within a given system, something that 
would not be otherwise achieved through culture and conventional molecular techniques (Daniel, 2005). In the 
current study, we used metagenomics to check for the presence of potentially pathogenic microorganisms (bacteria) 
in cemetery soils. 

Results obtained in the current study revealed that the microorganisms in the samples collected were very diverse 

(Figure 17-1 and Figure 17-2). Also, at the surface, there was an increase in microbial population with a decrease in 

altitude. This could be due to surface runoff during rainfall, which results in the accumulation of more organisms and 

nutrients at the lower points.  

Microorganisms have been found at depths going up to 3800 m below soil surface levels (Das, 2011; Murugesan et 

al., 2012). A rich microbial diversity was also found at a depth of 2 m for both cemeteries. This depth is approximately 

the burial depth of 1.8 m. Of importance is the fact that some of the microorganisms isolated have also been found 

to be of clinical importance. 

Mycobacterium tuberculosis, the causative agent of tuberculosis in humans was identified in samples collected at 2 

m depth especially in the Maitland Cemetery (Cape Town). Other organisms found to cause human infections that 

were identified in these samples include (but not limited to): Acinetobacter nosocomialis, Campylobacter ureolyticus, 

Streptococcus parasanguinis, Yersinia pesti. The presence of these organisms at burial depth could signify the 

possibility of these organisms finding themselves in groundwater sources (although this was not tested in this study). 

Further analysis on the data will include phylogenetic relationships between the organisms detected at the various 

sites and at the various depths.  
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