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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 infrƛƴƎŜƳŜƴǘ ƻƴ ǇŜƻǇƭŜΩǎ ƘǳƳŀƴƛǘȅΦ  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 ς 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 ς not yet published; project K5/2326) 

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

document; project K5/2449) 

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

(tertiary) vadose zone (2016-2019 ς 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 ς 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. 
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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 

ǿŀǎ ǇǊƻƘƛōƛǘŜŘ ǘƘǊƻǳƎƘƻǳǘ 9ǳǊƻǇŜ ŀƴŘ bƻǊǘƘ !ƳŜǊƛŎŀ ό!ƴƴΩǎ {ǘǳŘƛƻ ƴΦŘΦύΦ  wŜǎŜŀǊŎƘ ŎƻƴŘǳŎǘŜŘ ƻǾer 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 ς a known carcinogen ς 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 άΧ proposals for cemetery development do not seem to 

ƎŜƴŜǊŀǘŜ ǘƘŜ ƘƛƎƘ ƭŜǾŜƭ ƻŦ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŀƴŘ ƎŜƻǎŎƛŜƴǘƛŦƛŎ ŦƻŎǳǎ ǘƘŀǘ ƭŀƴŘŦƛƭƭǎ Řƻέ ό5Ŝƴǘ ƴΦŘΦύΦ  ¢ƘŜǎŜ ŀǊŜ ǎŜǊƛƻǳǎ 

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 

ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǊǳǊŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ǊŜƭȅ ƻƴ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ όtƛŜƴŀŀǊ Ŝǘ ŀƭΦ, 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 

ŘŜǾŜƭƻǇƳŜƴǘ ǇǊŜǎǎǳǊŜǎ ŀƴŘ ŘŜƳŀƴŘ ŦƻǊ ƭŀƴŘΦ  ¢Ƙƛǎ ΨǊŀŎŜ ŦƻǊ ǎǇŀŎŜΩ ƛǎ ŀƭǊŜady 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 

ǿƻǳƭŘ ǎŜǊǾŜ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ΨƭƛŦŜΩ ƻŦ ŀ ŎŜƳŜǘŜǊȅΣ ōǳǘ ƛǘ ǿƻǳƭŘ ŀƭǎƻ ƛƴǘǊƻŘǳŎŜ ƴŜǿ ǎƻǳǊŎŜǎ ƻŦ Ǉƻƭƭǳǘƛƻƴ ƛƴ ŜǊǎǘǿƘƛƭŜ ƻƭŘ 
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ŀƴŘ ΨǎŀŦŜΩ ŎŜƳŜǘŜǊƛŜǎΦ  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.  Lƴ /ŀǇŜ ¢ƻǿƴΣ Ƴƻǎǘ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ŜȄƛǎǘƛƴƎ ŎŜƳŜǘŜǊƛŜǎ ŀǊŜ ǿŀǘŜǊƭƻƎƎŜŘ ŀƴŘ Ŏŀƴ ƴƻ ƭƻƴƎŜǊ ōŜ 

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 

ǘƘŜ {ŀƴŘ wƛǾŜǊΣ ǿƘƛŎƘ ǎǳǇǇƭƛŜǎ ŀ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǿŀǘŜǊΦ  ¢ƘŜ 5ǳǘŎƘ wŜŦƻǊƳŜŘ /ƘǳǊŎƘ ŎŜƳŜǘŜǊȅ ƛƴ 

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

(1 mg/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 

²ŀǘŜǊ !ŦŦŀƛǊǎΩ ǎǘŀǘŜƳŜƴǘ in which it is indicated that άΧ 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, 

ƴŜƎƭƛƎƛōƭŜΧέ  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: 

¶ άGeneral waste means waste that does not pose an immediate hazard or threat to health or to the 

ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ƛƴŎƭǳŘŜǎΧέ ŘƻƳŜǎǘƛŎΣ ōǳƛƭŘƛƴƎ ŀƴŘ ŘŜƳƻƭƛǘƛƻƴΣ ōǳǎƛƴŜǎǎ ŀƴŘ ƛƴŜǊǘ ǿŀǎǘŜΦ 

¶ άHazardous 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 

ŘŜǘǊƛƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻƴ ƘŜŀƭǘƘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘέ 

¶ άInert waste ƳŜŀƴǎ ǿŀǎǘŜ ǘƘŀǘΧ ŘƻŜǎ ƴƻǘ ǳƴŘŜǊƎƻ ŀƴȅ ǎƛƎƴƛŦƛŎŀƴǘ ǇƘȅǎƛŎŀƭΣ ŎƘemical 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 

ƭŜŀŎƘŀǘŜ ƛǎ ƛƴǎƛƎƴƛŦƛŎŀƴǘέΦ 

¶ άWasteέ ƳŜŀƴǎ ŀƴȅ ǎǳōǎǘŀƴŎŜΣ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǘƘŀǘ ǎǳōǎǘŀƴŎŜ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘΣ ǊŜ-used, recycled and 

ǊŜŎƻǾŜǊŜŘΧ ǘƘŀǘ ƛǎ ǎǳǊǇƭǳǎΣ ǳƴǿŀƴǘŜŘΣ ǊŜƧŜŎǘŜŘΣ ŘƛǎŎŀǊŘŜŘΣ ŀōŀƴŘoned or disposed of; which the 

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

ǘƘŀǘ ƛǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ ǿŀǎǘŜ ōȅ ǘƘŜ aƛƴƛǎǘŜǊΧέΣ ŀƴŘ ƛƴŎƭǳŘŜǎ ǿŀǎǘŜ ƎŜƴŜǊŀǘŜŘ ōȅ ŀƴȅ ǎŜŎǘƻǊΣ ōǳǘ άΧ ŀ 

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

ceases to be waste. 

¶ άWaste 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 pǊŜƳƛǎŜέΦ 

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

ό!I! ƻŦ нллнύΦ  !ƭǘƘƻǳƎƘ !I! ŘŜŦƛƴŜǎ ŀƴ ŀƴƛƳŀƭ ǘƻ ōŜ άŀƴȅ ƳŀƳƳŀƭΣ ōƛǊŘΣ ŦƛǎƘΣ ǊŜǇǘƛƭŜ ƻǊ ŀƳǇƘƛōƛŀƴ ǿƘƛŎƘ ƛǎ ŀ 

member of the phylum vŜǊǘŜōǊŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŎŀǊŎŀǎǎŜǎ ǘƘŜǊŜƻŦέΣ ǘƘŜ ǎƻƳŜǿƘŀǘ ƛƴŎƻƴǎǇƛŎǳƻǳǎ ŘŜŦƛƴƛǘƛƻƴ ƛǎ ǘŀƪŜƴ 

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) 

ŘŜŦƛƴŜǎ ƘŀȊŀǊŘƻǳǎ ǿŀǎǘŜ ǘƻ ƛƴŎƭǳŘŜ άǿŀǎǘŜǎ ŦǊƻƳ ƘǳƳŀƴ ƻǊ ŀƴƛƳŀƭ ƘŜŀƭth 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 

ƻŦ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ŦǊƻƳ ŎŜƳŜǘŜǊƛŜǎΣ b9a²! ǘƘŜǊŜŦƻǊŜ ƛƴǘǊƛƴǎƛŎŀƭƭȅ ŀǇǇƭƛŜǎΦ  ¢Ƙƛǎ ƛǎ ƳƛǊǊƻǊŜŘ ƛƴ ǘƘŜ άǇƻƭƭǳǘŜǊ Ǉŀȅǎέ 

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 ς used to supply >50% of urban domestic water for an area for which there exists 

no reasonable alternative water source 

¶ Major aquifer ς high-yielding system with good quality water 

¶ Minor aquifer ς moderate-yielding system of variable water quality 

¶ Poor aquifer ς low- to negligibly-yielding system of moderate to poor water quality 

¶ Special aquifer ς 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 

ƭŀƴŘΦ  CƻǊ ŎŜƳŜǘŜǊƛŜǎΣ ǎнмόƎύ ǎǇŜŎƛŦƛŎŀƭƭȅ ƳŜƴǘƛƻƴǎ ǘƘŜ άŘƛǎǇƻǎƛƴƎ ƻŦ ǿŀǎǘŜ ƛƴ ŀ ƳŀƴƴŜǊ ǿƘƛŎƘ Ƴŀȅ ŘŜǘǊƛƳŜƴǘŀƭƭȅ 

ƛƳǇŀŎǘ ƻƴ ŀ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜέΦ   

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. 

Lƴ {t[¦a! όнлмоύ ǎнрόмύόŘύΣ ŀ ƭŀƴŘ ǳǎŜ ǎŎƘŜƳŜ ǎƘƻǳƭŘ ǇǊƻƳƻǘŜ άƳƛƴƛƳŀƭ ƛƳǇŀŎǘ ƻƴ ǇǳōƭƛŎ ƘŜŀƭǘƘΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ 

ŀƴŘ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎέΦ  /ŜƳŜǘŜǊƛes, although not implicitly mentioned, is therefore a potential impact and a change 

in land use. 

1.3.4. Safety and geotechnical requirements 

Lƴ ǘŜǊƳǎ ƻŦ ǎŀŦŜǘȅΣ ǘƘŜ aŀŎƘƛƴŜǊȅ ŀƴŘ hŎŎǳǇŀǘƛƻƴŀƭ {ŀŦŜǘȅ !Ŏǘ όah{! мфуоύ ǎǘŀǘŜǎ ǘƘŀǘ άƴƻ ǇŜǊǎƻƴǎ ǎƘŀƭƭ ǿƻǊƪ ǳƴŘŜǊ 

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

ǎƘƻǊŜŘ ƻǊ ōǊŀŎŜŘ ƛŦ ǘƘŜǊŜ ƛǎ ŀ ŘŀƴƎŜǊ ƻŦ ǘƘŜ ƻǾŜǊƘŀƴƎƛƴƎ ƳŀǘŜǊƛŀƭ ƻǊ ǘƘŜ ǎƛŘŜǎ ƻŦ ǘƘŜ ŜȄŎŀǾŀǘƛƻƴ ŎƻƭƭŀǇǎƛƴƎέΦ 

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 

ƻƴ ǇŜƻǇƭŜΩǎ ƘǳƳŀƴƛǘȅΦ  bƻƴŜǘƘŜƭŜǎǎΣ ƛǘ Ƙŀǎ 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 ς for those who could afford so ς 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 

ǇǊŀŎǘƛŎŜǎ ŀƴŘ ŀƭǘŜǊƴŀǘƛǾŜ ǎǇŀŎŜ ǘƘŀƴ ǘƘŜ ŦŀƳƛƭȅΩǎ ƘƻǳǎŜ ŦƻǊ ǎǘƻǊƛƴƎ ŀƴŘ ƘŀƴŘƭƛƴƎ 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 

ŀƴƴǳŀƭƭȅ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻŦ !ƳŜǊƛŎŀ ŀƭƻƴŜ ǿƘƛŎƘΣ ŀŎŎƻǊŘƛƴƎ ǘƻ WƻƘƴǎƻƴ όнлмоύΣ ƛǎ άΧ ŜƴƻǳƎƘ ǎǘŜŜƭ ǘƻ ōǳƛƭŘ ŜƛƎƘǘ 

Eiffel Towers and fill eight Olympic size swimmiƴƎ ǇƻƻƭǎέΦ 

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 ς without embalmment ς 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. 



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

 >>   14   << 

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: 

¶ ¢ƘŜƛǊ ǎƻǳǊŎŜǎ όǿƘŜǘƘŜǊ ŦǊƻƳ ǘƘŜ ōƻŘȅΩǎ ŘŜŎƻƳǇƻǎƛǘƛƻƴΣ ŀŎŎŜǎǎƻǊȅ ōǳǊƛŀƭ ƳŀǘŜǊƛŀƭǎΣ ƻǊ ŀǎǎƻŎƛŀǘŜŘ 

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. 

 










































































































































