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

and (iv) with important human and ecosystem health effedtsindetected. The issues of interment and how we

deal with the deceased in general transeisciplines 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 beingah B SY Sy G 2y LIS @eniktSicsare,K dzY | y A
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 #ergn series of projects on vadose zone hydrology.
Detailed concisely iBox1, the development of the research topic fits into the broader context as follows:

i Vadose zone hydrology, notably of the interstitial (paity) vadose zone and applied to a variety of
anthropogenic changes (202D14¢ published as Dippenaar et 22014, report TT 583/14)

i Intermediate vadose zone hydrology, related to the mechanical and hydraulic properties of the
fractured (secondary) vadeszone (2012016¢ not yet published; project K5/2326)

i Contaminant transport and unsaturated flow systems at the hand of cemeteries {201%¢ this
document; project K5/2449)

i Karstic vadose zone hydrology, related to the mechanical and hydraulic piexpert the karstic
(tertiary) vadose zone (2018019¢ in progress; project K5/2523)

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

development and the subsurface water flow and quality (2Q081¢ in progressproject K5/2826).
Case Studies and Experimental Work

Case studiesverlap between these projects Sibsequently advances made are based on collation of extensive
literature studies and field and laboratory studigsxperimental and field studies incor@ded into this project form
part of the vadose zone research projeatsd are listed chronologically as Vadose Zone Study Areas (VZ88s3.
pertaining to this project include:

VZSAS3: Temba Cemetesjte characterization (Dippenaar et,&014)

VZSA4Corrosion of burial materials; leaching of metals and formaldehyde from cemeteries
VZSAS5: Unsaturated flow through the switk interface

VZSAG: Fontein Street Cemetery: isotopes, hydraulic tests, water quality

VZSAT7: Welmoed Cemetery: isotopes, hydcaigists, water quality

VZSAB8: Microbiology from cemetery sites

=A =4 =4 -4 -4 4

Investigation Guidéines

Proposed guidelines improve data acquisition to better assess risk posed to man, development, and the environment
through land use change to cemeteries. Risks assdsskdle those relatd 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 andgepdbgical/ geohydrological
investigation are supplied. These can be used as terms of reference in tenders or requests for proposals to ensure
comparable and adequate scaopef work.

For completion of environmental impact assessnee(EIAsand wateruse license§WULs) Phase 2 investigations
conducted by professionally registered competent specialists are requifRdcommendations should include
continuous environmental monitoring.
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Box1. Project Summary.

‘5( 1. PROJECT SUMMARY

(a) Background to the Project

Interment by burial in cemeteries is a very old practise
embedded not only in sanitation and healthy living
conditions, but also in culture and religion. It is, however, a
practise that attracts development regardless of its initial
remoteness as people have the need to be near cemeteries
where their loved ones are buried, and often also rely on
infrastructure and services in proclaimed cemeteries that are
not available in informal developments or certain suburbs.

This project, subsequently, emanated from the main
findings of a Water Research Commission funded project
(report TT 583/14) on the vadose zone, quantification of
unsaturated hydraulic parameters, and implications of
various development types of development on the vadose
zone and vice versa. It was highlighted that cemeteries,
generally considered to be fairly low-risk inert landfills, may
pose more hazards in situations where hazards do in fact
exist, and, in such instances, exposure to these hazards may
result in very substantial risk. In areas where pollution from
cemeteries does occur, receptors are at very high risk given
the very complex and highly variable array of potential
contaminants. Further to this, the complex flow systems in
the vadose zone are also affected given the disruption of site
materials, and subsequently contaminant transport is also
affected.

Proximity of groundwater and surface water users, other
potential sources of contamination, interrupted and altered
surface and subsurface flow systems, and health and safety
implications of excavations supply important reasons for
further research into this topic. Although a fair amount of
literature exists on the individual contaminants, on the
history of significant cemeteries, and on the need for greener
burials, very little has indeed been done to collate available
knowledge on cemeteries, and to expand with new
contributions. Site investigation and monitoring, in
particular, are not truly addressed extensively. Improved
methods may, however, reduce associated risks.

Partnering with representatives from the South African
Local Government Association (SALGA), the project team,
under new funding from the Water Research Commission,
aimed to investigate certain identified research questions
pertaining to cemeteries. These results are incorporated
into this study to eventually supply standard terms of
reference for the investigation, management and monitoring
of new and existing cemeteries.

(b) Project Outline and Findings

Results from case studies are collated with available
literature, improving understanding of the risks posed by
cemeteries. Social, environmental/ hydrological, and
engineering/ geotechnical aspects are covered in detail,
adding new advances and contributions to scientific
understanding emanating from this project. New advances
are based on a set of case studies available in the report.

Risks mostly pertain around possible contamination and
safety issues associated with the stability of the excavations.
These risks are typically exacerbated by developing
cemeteries on unsuitable land, or through not anticipating
the impact of the cemetery development on the subsurface
hydrological regime. Contributions are made to improved
understanding of these complex flow systems through
detailed investigation and proper understanding of
hydrogeological methods.

Final recommendations are made regarding standardized
protocols for hydrogeological (geohydrological) and
engineering geological (geotechnical) investigation for new
cemeteries, as well as for the monitoring and management
of existing cemeteries. This serves as a standard terms of
reference or scope of works for new cemeteries based on
spatial extent and anticipated geological constraint.

Significant contributions detailed in the study relate to:
* Field-scale investigation of geologically variable terrains
* Improved use of isotopes in studies for cemeteries

* Improved understanding of the behavior and transport of
microorganisms through the vadose zone

* Unsaturated flow across the soil-rock interface

* Leaching and mobility of metals and formaldehyde from
cemeteries.

Novelty can be applied by the scientific profession to
advance understanding not only of cemeteries, but also of
contaminant transport and corrosion in hydrologically
complex vadose zone conditions.

Further to this, the proposed guidelines is for used by
professional consultants and local government, aiming to
mitigate risks posed by cemeteries, and to ensure proper
monitoring and management of cemetery sites.

READ MORE:
ADAPTED FROM:

Dippenaar et al. 2014; Dippenaar 2014; this document
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Novel Findings

Forthis particular study, relevant to cemeterighe following main findings resulted:

|l

Environmental conditions affecting the leaching, mobility and persistence of selected metals have been
addressed. Mostly, leachate from sands are more enriqpedsiblysolely due to the higher rate of
seepage through sands given higheermeabilities), althougtclays 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 phkhtermittent water supply, unsaturated conditions, finextured 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 week2t6of experimentsThismay 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 counk gbliand 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 bedroclkcdsnplex, 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.

SomeE. coliwere found to be antibiotically resistant at one of the field study sites. Although this might
not necessarily be a result of the cemetery itself, @ted 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 addinge ndetailed
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.

Geologicatomplexity is added to conceptual models through addressing a wide variation of different
earth materials, climatic regimes, and land uses.
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1. ABOUTHEPROJECT

1.1. Project Rationale

Throughout history, almost all societies have employed differenttpras for disposing of the deadBurial sites
ranged from the pyramids of Egypt to mass gravestfose deceased during wars

Burial of the dead in cemeteries has been the traditional pradtiseore recent times The siting of cemeteries has
howeve, changed over time During Roman timescemeteries were located outside the borders of the towns
between thel0" and 19" centuries parish churchyards were popujamd from thel9" century, burial outside the

towns borders became the norm agaire(@eteries and cemetery reform forum n.dBurial sites were determined

by social factors such as economic status of deceased, land ownership, religious affiliation and kinship patterns
(Cottle 1997).

It was in themid-19" century that the health hazds 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 wateresoweare 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 became widely recognized that water from wellsutgb be contaminated by raw

sewage as well as by decaying bodi€sibsequently, the opening of new cemeteries within city and town boundaries

ga LINPKAOAGSR GKNRdAzZAK2dzi 9dz2NRP LIS I YR b2 N& e lashcEnidy Ol 6!y
and a halhas indicated thatemeteries are potentially even more hazardous than previously thought.

Bodies decomposeand during this processeachates that contain bacteria, viruses and organic and inorganic
chemical decomposition products are produced. Pathogens such as Arimallpox 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/storlt)is therefore possible that certain pathogenic bacteria
and virwses coulgercolateto groundwater, spreading diseases such cholera, smallpox typhoid and hepatitis A (Ford
1999).

Other contaminants includersenate pentachlorophenol and formaldehydex known carcinogen released from
burial materials and embalminifuids (Best Available Scien@)04; Goodman2006 WHQ 1998). Furthermore,
coffins also decomposeand areusually fitted with metahandles, hinges and accessoriasd many are varnished
or painted. A wide range of heavy metals and other potentiaéirmful compouds may be released from coffites
eventually seep into the groundwater, and from there to boreholes or streams (Bitton &08R; Dent, n.d.;Rogers
2004;Vass2007).

Chemicals that may be released to groundwater include substamadsas 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 dequugbioses (Spongberg

and Becks2000). The possibility, therefore, exists that harmful persistent toxins and heavy metals may be
transportedfrom the graves through seepage ale@dch into groundwaterposingenvironmental and human health

risk.

The frst comprehensive studies that were carried out to analyse groundwater and surface water in cemeteries and
also in areas surrounding the cemeteries were conducted by BremtKnight (1998 Australia between 1996 and
1998. Theyidentified potentially hamful 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 ofirgiwater contamination through
leachate from cemeteries is not uniform as it is influenced by a number of physical and other ftitéoraost
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important beingthe soil characteristics (type of soil, depth, pH, permeability and porosiliyhate (rainfalland
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 pnityi of existing habitation (Lotpersonal 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 tahhebkin ecologially sensitive ecosystems (Dent n.d.).

Not much thought was given to potential risks to humans or the impact on the environment (¥@96).

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

this was neglected in the past and Dartmmentsthat dX proposals for cemetery development do not seem to
ISYSNI 4GS GKS KAIK tS@St 2F Ay@SadAadardiazy FyR 3I3S2a0ASy
deficiencies and are becongra matter of global concern.

1.2. The South Africaituation

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 (Kniy@®6). At present, almost 60% of

0KS O2dzy iNEQa NHzNI £ O2YYdzyAlASa NBODR. AxhbughdtheRedasé Rarly G S NJ N
problems associated with groundwater qualityhey are aggravated by the very high rates of urbanisation and
population growth.

Urban areas are expanding and encroaching into former rural areas., ddmsteries that were once far removed
from urban areas, are now surrounded by residential developments and people use water from boreholes located
adjacent to cemetries (Tumagole2005).

The South African population is not only growihgt is also ageing. In 2000, only 5.9% of the population was over
the age of 6Qbut in 2005 this reached 6.8% (STAT867). The death rate is further increasing due to tighh
incidence of HIV/AIDS (Clag002; Development Work2005; Noblen.d.; Richards et g312004).

Traditional burial is still the preferred method of disposing of bodies (Development W&f8S) and, according to
The Cremation Society of Great Birit§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
RS@OSt21LIYSyid LINBaadzaNBa | yR RSYI giRa iapitbnternyhikKwaZilgtd dnd WNI O ¢
Gauteng where the increasing numbers of HIV/AIDS deaths have resulted in large numbers of infoiagkas

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

country with little cognisancef the ecological impact and dangers of seepage into groundwater that supplies
communities with drinking water (Clark2002). It has been reported that many bodies are buried in makeshift

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

during heavy rain or flooding (Sunday Independ@®03). These informal burials may have to do with the shame of

a relative dying from AIDS or the inability to gaya formal burial (Development Worka005).

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 becatasgary (The Herald

2008; Cape Time2008). 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 Wo2R€5). Sections of cemeteries previously used

for pauper burials are now being prioritised for recycling pwgm (Development Work005). These practices

g2dz R aSNBS TRQ SET SW ROIKSI SNBSS o6dzi Al ¢2dzdZ R I fa2 AyadNE
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YR Wal FSQTh® @yding DMNgkaed ih incorrectly sited cemeteries will only aggravate the pollution
problem.

In view of the potential hazards of cemetesi rules and laws are heeded when planning new cemeteries and certain
factors need to be taken into account. Until 2004, there was no legislation governing the siting of cemé@aties.

basic guidelines existed (DWAM004; Richards et alk004)and, until very recently many developers did not use

even these guidelinesLy / | LIS ¢2¢6y > Y2aid 2F GKS OrdeqQa SErAalGAy3a O
utilised (This Dgy2004; The Cape Time2008). In November 2006, graves dug in theldded cemetery, Cape

Town were flooded with 50 cm of water (Cape Arg2807). Most of the existing cemeteries in Port Elizabeth are

on floodplains or at the bottom of hills (The Hera®06). 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
0KS {FYR WAGSNE HKAOK adzllX AS& | I NBS LINRPLRNIAZ2Y 27F
Polokwanewas also closed since it is loed just above a spring which was used by local communities as a water
source (Personal communication, Lotk).2005, Tumagole found that the water from boreholes close to cemeteries

in Digiteng near Tshwane, were contaminated with bacteria and hazafdolisiman health.

Moreover, in a study on potential metal contamination at Zandfont@metery in Tshwane, Jonker (201&)d
Jonker and Olivier (201Zpund that cemetery soils and groundwater in the vicinity of the cemetery were
contaminated with higHevels 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 outsidetinetery boundaries. There
was2.5ng/l mercury in a borehole near Zandfontglemetery. This exceeds the DW/guidelines for drinking water

(1 mg/l) by more thandouble The high mineral contemirobably originated from the 109 tons of metals that have
been buried in 60 000 graves over the |1&88tyears. These results seem toibhecontrast with the Departmat of

2 | §SNJ ! FFI AirNdhich itasinbicat8dvtisad ¥ihe risk of pollution posed by cemeteries to the quality of
the water resource, especially the quality of drinking water, is regarded as acceptablén andst hstances,

y S 3t Aé3 WModvévé& Xthis 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 avoicbgndwater and surface water contamination, a set of
comprehensive guidelines and criteria has been developed by the Council for GeoscienceZQ@sIavelopment

Works 2005) and later by Dippenaar et al. (2014) and Dippenaar (2014). The latter caudactprovisional
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 burl in cemeteries and the concomitant need for protection of proximate groundwater and surface
water resources. Th€GS recommended that factors that need to be considered are: soil excavatability and
permeability; stability of grave sidewalls and workapibf 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) elalbbwteghese and recommend set of
minimum requirements as well as a-salled vadose zone assessment protocol.

Currently, the siting of a cemetery is controlled by legislation (Bloemr2005). This legislation indicates that new
application of the estalishment of new cemeteries must include a geohydrologitsidrogeological}survey,
geotechnicalengineering geologicaijvestigation, archaeological study and an Environmental Impact Assessment
(EIA) (Bloemnuyg007). Due to legislation it takes upti@o years for suitable sites to be identified (Cape Times
2008).

If the guidelines laid down in the legislation are followélte hazard posed by cemeteries can be significantly
reduced. However, existing cemeteries cannot be moved and may not conforpresent 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 posshlé frisk
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 intbe legal framework. This section briefoutlines 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 followingoahsfiniti

i 0General wastemeans waste that does not pose an immediate hazard or threat to health or to the
SYGANRYYSyYyi{is YR AyOfdzRSaxé R2YSA0GAOZ odzAf RAYy3 |
i oHazardous wasteneans any waste that contains organic or inorgaglements or compounds that

may, owing to the inherent physical, chemical or toxicological characteristics of that waste, have a
RSGNARYSyGrt AYLIOG 2y KSFHEOGdK yR GKS SYy@ANRYyYSyl

1 Gnert wasteYSFya ¢l adS GKFGX R2Sa& y2i dmidSDNEHobgichly @ &A:
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 environmebecause of its pollutant content and because the toxicity of the
fSIOKF(GS Aad AYyaArAadyAFAOLydeod

1 GWasteé YSIya Fye adzoaidl yOSs ¢6KS{KSNI-&ed rgtycled addK | & d
NBO2@PSNBRX (GKFG Aa &dzNLX dza T ooey éridigdosedR af; whidhane Ol SR>
generator has no further use of for the purposes of production; that must be treated or disposed of; or
GKFrd Aa ARSYGATASR lFa | ¢glaidsS o0& (GKS aAyAaldSNXe:
by-product is not onsidered waste; and any portion of waste, onceused, recycled and recovered,
ceases to be waste.

i OWaste disposal activitymeans any site or premise used for the accumulation of waste with the
purpose of disposing of that waste at that site oron thAkB YA & S é @

NEMWA (2008) implicitly, in s4(d), excludes the disposal of animal carcasses as regulated by the Animal Health Act
0!l 2F HANHOO l'fdK2dza3K 1! RST¥AySa Iy FyAYlLf G2 oS
member of the phylum8 NIi SO NI i S&as Ay Of dzRAYy3I GKS OF NODIFIaasSa GKSNB2 T
to exclude humans. The National Health Act (2003) andRéigulations relating to health care waste management

in health establishment§Department of Health2014) 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)
RSTAySa KFTIFNR2dza ¢l aiasS G2 Ay OthdaRSndbos telatédSesearehN@xaept K dzY Iy
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 contamitaatdd In the instance of detection
2F O2y il YAYyLFLdGA2y FNRBY OSYSGSNASaZ bo9a2! GKSNBT2NB Ayl
principle of the National Water Act (NWA 1998).
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NWA (1998) is given authority in s65(1) and s65(2) of NEMA 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 andeelgposal.

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 assocthtgith urban development; petirban development. Based on the
importance of the aquifer for supply, it should be classified accordingly as (R0@®):

i Solesource aquiferg 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 ¢ moderateyielding system of variable water quality

Poor aquiferg low- to negligiblyyielding system of moderate to poor water quality

Specal aquifer¢ any aquifer system designated as such by the relevant Minister.

=A =4 =4 4

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 wéte¢o be used for irrigation or any other purpose of such
flyR® C2NJ) OSYSUiSNRS&a:Y aumodv alLISOAFAOIEte YSydaazya
AYLI OG 2y I 6+ GSN) NB&az2dz2NDOS¢ @

1.3.3. Land use

In terms of stability, the Spatial Plannimgd Land Use Management Act (SPLUMA 2013) define the following
(verbatim):

i Land developmentmeans the erection of buildings or structures on land, or the change of use of land,
including township establishment, the subdivision or consolidation of larahgrother deviation from
the land use or uses permitted in terms of an applicable land use scheme

1 Land usemeans 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 authorisationrnpié or consent issued by a competent
authority, and includes any conditions related to such land use purposes.

Ly {t[!'a! OoHnmMo0 &HPOMOORUOXE | flFYyR dzaS a0KSYS &K2dzZ R 1
FYR yI GdzNF £ NBSes,azolighSat implicitly méntioBdd SsNiderefore a potential impact and a change
in land use.

1.3.4. Safety and geotechnical requirements

Ly GSN¥ya 27F alfFStesz GKS al OKAYSNE FyR hOOdzLd GA2Yy It {7
unsuppated overhanging material or in an excavation which is more than 1.5 m deep, which has not been adequately
AK2NBR 2NJ 6NI OSR AF (GKSNB A& | RIFIYy3ISNI 2F (KS 2@SNKI y3:

All associated infrastructure, such aflices, parking areas, crematoria, chapels, and so forth, are subject to SANS
634:2012 on Geotechnical Investigations for Township Development, and may be amended as appifofoiate
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instance, comprisingess dense development, if situated on dolomite,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 presentii) 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 completarextatiand 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 soal 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
2y LIS2 LY SQ& KdzYl y Abécdrde ineitably 6 Heked Gndedstarkl this and Kgox2).

Cemeteries are, therefore, considered to require understanding of:

i Environmental or sanitary aspects, pertaining to human and ecosystem health, and tlerefor
incorporating the entire water cycle

i Geotechnical or engineering aspects, pertaining to #ase of engineering works and safety, and
therefore incorporating all mechanical properties of the subsurface

i Social aspects, pertaining to religious, cultucahstitutional 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 andqwali¢y.

The project detailed in this report developed as part of a Kergn series of projects on vadose zone hydrology.
Detailed concisely iBox1, the development of the research topic fits into the broadentext as follows:

i Vadose zone hydrology, notably of the interstitial (primary) vadose zone and applied to a variety of
anthropogenic changes (202D14; published as Dippenaar et, @014, report TT 583/14)

i Intermediate vadose zone hydrology, related tile mechanical and hydraulic properties of the
fractured (secondary) vadose zone (2€A(L6; not yet published; project K5/2326)

i Contaminant transport and unsaturated flow systems at the hand of cemeteries (201% this
document; project K5/2449)

i Karstc vadose zone hydrology, related to the mechanical and hydraulic properties of the karstic
(tertiary) vadose zone (2018019; in progress; project K5/2523)

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

development and the subsurface water flow and quality (2EA@1; in progress; project K5/2826).

This report addresses the socia2{3, environmental/sanitary §4,5), and geotechnical/ engineering considerations
(86) sequentially. This is followed by an overview of existing applicable site investigation approagheBigl
recommendatbns are made with a standard protocol for site investigation for existing cemetery sites, as well as for
the monitoring and management of existing cemeterie®-18). Novel findings are addressadthe summary (§1).
Supporting case studies are supplied in the later sectioh®-18).

Results from supporting case studies are incorporateal the relevant sectins of the text.
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Box2. Considerations with respect t€emeteries
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2. HISTORICBACKGROUND

2.1. Early Hominoids

The discovery of théurial grounds oHomo naledin South Africa in the early 2kentury casts new insight on
ancient burial practiceH. naledirepresents the earliest known hominoid species to dateafaestimated age of-1

2 million years}o have possibly intentionBl buried its deceased in the Dinaledi Chamber of the Rising Star Cave
system in the Cradle of Humankind World Heritage Site in Gauteng (Bo2ris; Philips2015; Rawood2015).

2.2. EarlyHomo sapiens

Within the species dflomo sapiensof which all livig humans form part, ancient graves mostly comprised a mound

of earth or stones above the body or ashes of the deceased (Moore and L2@del), and evidence exists of more
primitive people disposig of corpses in the open, ongtforms or in trees (Peaos, 1999). Preserved specimens
have been discovered well before Egyptian times with questions about whether embalming was intentional or natural
(Trochy 2015).

2.3. Ancient Egypt

Although dates are hard to establish, Egyptian ancestors mummified their preesiig embalming fluids sourced
from at least 1000 kilometres from the grave sitg3arbon dating of the embalming fluids suggests burial between
4200 and 3150 years ago with axdnre of animal fats and plant sterols withZ% composed of pine resirrgaatic

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 eR@ll4;Perking2015;Philips 2015).

Ancient Egyptians coupled the uséembamming fluids with sarcophagsuch 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 witiblgieé&n
glazed pottery and a thin layer of gold. A third coffin wesle 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 finallge quartzite
sarcophagu¢Carter 2014; Falck and Wettenge&008; Ikram and Dodsot998; Jones2008).

Burial was expensive and, in the manneKioiy 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 wrappedn reed matting or simple textiles. Coffins wesgarceand reuse was quite common during the Third
Intermediate Period with sarcophagi of the1Bynasty generally being excavated after about 150 years or after the
passing of seven generations whenfamily remained to perform rituals. The reused sarcophagi were redecorated
with 20" Dynasty paints, whilst the poor would use miniature or imitation versions of the sarcqtiagiostly made

with granite or woodCooney2013; Ikram and Dodsot998).
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2.4. Ancient Greece

EarlyRomans mainly practiced crematiobut eventually adopted inhumation (burial; interment) resulting in an
increasing demand for sarcophagi during thter periods The ancient Greeks and Romans washed corpses with
water, wine and essgial oils prior to being wrapped for burial. Sarcophafpr those who could afford sqQ were

made of marble encased in lead (which promoted preservation), whereas wood and limestone were used as more
affordable alternatives (Deviese et,&011; Kampssakali et a).2003; Papageorgopoulou et @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 anciphttEgge compounds
served antibacterial and antifungal functions that, coupled with dehydration substances, preserved the mummy
(Deviese et al2011; Papageorgopoulou et £2009).

2.5. 19" Century America

The American Civil War of 1861 transformed the \wawhich 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 ingffitttee methods of the time resulted

in decomposition initiating prior to arrival of the body at the place of burial (Fr&0€8; Gagnoy2015). Given the

issues in transport, preservation and identification of the deceased, formal legislation aodalatemeteries were
promulgated two years after the Civil War in 1867 (Nj965).

The women generally washed bodigghile the men obtained wooden caskets and buried bloglies Initially sited

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

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

LINy OGA0Sa FyR FftGdSNYIFGABS aLl OS lthelcofpsdi(BeSKIug et MA999).Q&8 K 2 dz?

2.6.  The Early 20Century

During the early 1900s, embalming fluids mostly comprised arsenic, which is highly toxic and persistent (Konefes and
McGee 2001; Singh et gl2011). Alternatives of the time included mercurydagreosote, both posing very similar
hazards to those of arsenic (Johns@f95).

Religion has always played a significant role in the handling of the deceased. HinduiBudaiinismrequired
cremation, whereas Lutherans had to distinct stance (Bduget al, 1999). Roman Catholicism opposed cremation
until the late 20" century, after which it was permitted but not encouraged (Order of Christian Funerals 1990). Jewish
practice still prefes burial to cremation (Kastenbauni994).

2.7. Recent Times

The lae 20" century and early 2lcentury saw embalming fluids containing formaldehyde, distilled water, phenol
and glycerol. 10 litres containing 1.5 litres of formaldehyde is required for a 70 kg bodyl(@9&tKarmaka2010).
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Coffins are mostly wootreated 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 repladéJanin et a.2011).

Coffin mints historically contained toximetals such as lead, arsenic, mercury, manganese, nedfger, vanadium,
cadmium, zie and chromiumwith many modern paints still containing some of these compounds (Gondal, et al.
2011).

Recent statistics indicate & an estimated 60 000 tonnes of steel and 18 million litres of embalming fluid are buried
Fyydz-tfe Ay GKS ! yAGSR {dFrdSa 2F ! YSNAOI |t2yS GKAOKXZ
Eiffel Towers and fill eight Olympic size swiyird LJ2 2 f a ¢ &

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 compowgsportalternative means of disposal, duas cremation

or natural burial, reducing contamination and saving cost (Gr@®@&t4; Johnsor2013). Green burials save cost on
embalming fluids and caskets, while cremation is not dependent on space for burial. Cremation, however,
contributes to airpollution, releasing toxins such as formaldehyde, hydrogen chloride, dioxins, mercury and
greenhouse gases (Groy@014; Rosénnes 2013).

Green coffins or ecoffins are nowadays made of bamboo, pine, woven willow, recycled cardboard or banana plant
cord, and the body is burieqwithout embalmmentc in a biodegradable cloth or casket (Johns20i13; Rosdnnes
2013).
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3. SOCIACONSIDERATIONS

Burial of the deceased forms an integral part of human history and is still an important social right andiouseli
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 issapserningthe 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
additionalsocialconsiderations were highlighted.

3.1. Residential Encroachment of Cemeterggsl Surrounding D&lopments

Cemeteries are mostly placed at acceptable distances from residential developments. However, given that
cemeteries often have facilities not available in the proximfatenal or informalresidential areas, such as flushing
toilets or running wagr, residential developments tend to expand to the boundaries of the cemeteries for use of
these facilities. Thigevitablyresults in overuse of municipal services and loitering.

3.2. Vandalism and Safety

Vandalism and theft are comman most cemeteries gan the usability of tombstones for other purposeBurther

to this, visitors are often alone or in small groups making them vulnerable to attaakeneral, many individuals fear
visiting graves of the deceased, and subsequently management and kedpindivadual 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 availableisesssuch as taps to running water, is also commonly
vandalised, compromising the sanitary integrity of monitoring data and potable water.

3.3. Unclaimed Bodies angxhumations

The rights of the deceased are ofteat metin the absence of living relatives tagiresponsibility. In these instances,
the wishes of the deceased cannot always be met in instawbes bodies have to be exhumed and/ or relocated.
Similarly, the final wishes cannot always be met in instances such as double burials if the inigalvgsanot
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 lilkkegrrid 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 ofbodies 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.

>> 13 <<



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

Cremation may be considered in order to save cost and limit the usndffor unclaimed burials. This, however,
would require social studies to ensure that it falls within the fummights 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 yécdhsar
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 doulgal. 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. Thig, howeve
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 facilite as parks or areas of recreatiom 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 crematiomore ashes are generated than what is given to the family. The
excluded portion includes, for instancegarse fragments and contents that cannot be incinerasedh as large
bones or teeth In this instance, it should be acceptable practice to have a gingle for the collective ash remains
from the crematoriumafter the relevant families havelaimed theindividualremains. This does not pose additional
environmental impacts.

3.7. Undertakers

Undertakers have social and environmendaities that need to be fomalised. 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 dédeafinancial gain.
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SECTION C: WATHEALTIAND ENVIRONMENT

MatthysA. DIPPENAARIMonLORENTRogerE. DIAMONIZ Jana OLIVIER
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4, HYDROLOGICBONSIDERATIONS

4.1. Water in the Subsurface

Thehydrological cycle, and thdistributionand movenent of subsurface watersare explained ilBox3. Complexity
arises are media @mge between intergranular and fractured, and as degrees of water saturation change.
Understanding the movement of water from land sagé to the groundwater system (phreatic zone) is therefore
complicated and requires proper investigation and quantification.

Further to this, he type of aquifer plays an important part in the risk posed by surface or shallow subsurface
contamination. Theconceptof the hydraulic head and hydraulic gradient is explained accordatglye hand of
different aquifer types irBox4.

4.2. Urban Water

Urban settings are prioritised in the context of assessing vadose zone coatartiansport 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:

1 Recharge in urban areas is significantly more complex. Impermeable areas are prestntdidace
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.

1 Imported water contributes to deep percolation despite the possibleaeah of surface runoff resulting
in decreased infiltration. Significant urban water losses throlggtkage of underground pipelines
contribute vastly to subsurface water budgets.

9 Overirrigation through excessive landscaping results in localised infiitratvhich may furthermore
result in recharge.

VasquezSufié et al. (2005) expand by acknowledging the following:

1 Underground structures, urban groundwater abstraction and dewatering acting as flow paths and/ or
flow barriers influence local water budgets.

1 Subsidence can ensue due to letegm 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.

1 Compex 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 settirgs, 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 alterifigw paths (through altering subsurface flonsssms 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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Box3. Subsurface Water and Unsaturated Flow.

(E 3. SUBSURFACE WATER AND UNSATURATED FLOW

N
Water intiltrates into the subsurtace trom where evapotranspiration can remove the water upward, or it can drain

further vertically to the intermediate vadose zone where percolation results. On reaching the groundwater table,

groundwater is said to be recharged. Lateral movement of water in the vadose zone is termed interflow or throughflow.

[ - o .
5 Precipitation < Evaporation (a) The Water Cycle
-E. _/-_)/‘ A
v
g ———» Interception
=
Transpiration
y A
o4
é Runoff
& Overland Flow Overland Flow A
A — Water Water
A 4 2 Pressure P Content &

Soil / Root Zone Infiltration P* =
g g
@ g
£ . 2
2 ) . ®
2 Intermediate Zone Percolation b—b e
3 =)

Capillary Fringe

Patm = 0 0 n

The vadose zone is well understood in both international and South African literature. Defined as the zone between the
land surface and groundwater table or phreatic surface where void space are typically not water-saturated and pore water
pressures lower than atmospheric pressure (e.g. Dippenaar et al. 2014), this forms the pathway of contaminants from
interments and any other surface or shallow subsurface source of contamination. Whereas contaminant transport occurs
through this zone to the groundwater, it also acts as a zone of natural attenuation for some contaminants, thereby reducing
the actual contamination of the groundwater regime.

The plant root zone or the soil zone is that portion of the subsurface from the land surface to the maximum depth of
influence of evaporation and transpiration (collectively evapotranspiration). Here, water has the ability to be moved
upwards back to the atmosphere and flow is not essentially governed by gravity.

Beyond this, water can percolate (essentially vertically under gravity) or move as throughflow or interflow to discharge or
percolate further downslope. In this intermediate vadose zone, the influence of evapotranspiration is minimal.

(b) Unsaturated Flow between Soil and Fractured Rock

Water flow from soil into a single rock fracture depicts the complex
flow mechanisms occurring as water from a dispersion plume in soil
enters fractured rock. Here, flow occurs in aerated state and at highly
variable rates depending on the level of saturation. Progressive
rewetting of the so-called dispersion plume in the soil (indicated by red
and black) eventually allows a capillary barrier above the fracture to
breach, allowing water entry into the fracture. Water movement in the
fractured system is then intrinsically different from the soil system.

Decreasing
Fracture
Saturation

Further complexity results in fractured systems where fracture
orientations change over fracture intersections. In general, horizontal
fractures are easier to saturate, whereas vertical fractures will drain
more quickly at lower rates of saturation.

READ MORE: (a) Dippenaar et al. 2014, after Driscoll 1989; Fetter 1994; Fitts 2002; Todd and Mays 2005; Younger

ADAPTED FROM: 2005; (b) Brouwers and Dippenaar 2018; Jones et al. 2017; Jones et al. 2018.
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Box4.

Heads Aquifers, and their Vulnerability

4. HEADS, AQUIFERS, AND THEIR VULNERABILTY

Ve

(a) Water Levels and Hydraulic Heads

The static water level (SWL) is
measured from land surface
downward to the water level.

NI

SWL

The hydraulic head relates to
the total mechanical energy per

some datum level to the water
level and is denoted by h.

Vo
unit weight of water. With the A !
units of length (e.g. metres), it is g
measured vertically upward from :E

The hydraulic heads of

different monitoring points such

as boreholes are required to it Aquifer

determine the direction of - 5 Aqui
uiclude

groundwater movement as well - .

as the hydraulic gradient. —V _ Water level

(c) Aquifer vulnerability

The concept of aquifer vulnerability relates the influence
of the atmosphere and surface supplying water to the
subsurface, and the properties of the vadose zone protecting
the groundwater from contamination, to the protection
offered to the phreatic zone.  Specific contaminant
properties related to, for instance, persistence,
bioaccumulation, toxicity, natural attenuation or decay could
be incorporated for a better risk assessment.

With respect to the vulnerability of the aquifer to
pollution, the type of aquifer needs to be understood.
Confined and unconfined aquifers behave differently, with
the prior generally being more protected to contamination.
Proper understanding of the direction and gradient of
groundwater movement is also required, as determined from
measurable hydraulic heads in boreholes.

Given the wide array of different possible groups of
contaminants emanating from cemeteries, land fills, and
other urban environments in general, specific vulnerability
becomes more and more complex given the different
properties of the different contaminants. Further to this, the
variable hydraulic properties and variable saturation of the
vadose zone complicate quantification and risk assessment
even further.

(b) Hydraulic Gradients in Aquifers

Unconfined aquifers are open to the atmosphere and
have a distinct water table where pore water pressure equals
atmospheric pressure.  Water levels as measured in
boreholes closely resemble actual water tables in the
aquifer. Being in direct contact with the atmosphere,
contaminants can enter the phreatic zone fairly easy given
the absence of confining layers.

Water table

Confined aquifers, on the other hand, have a low
permeability aquiclude above the aquifer. Water is
therefore at significantly higher pressures, and water levels
measured in boreholes resemble the potentiometric surface
and is higher than the top of the saturated zone.
Occasionally, as indicated, boreholes may become free-
flowing. The confining layers here protect the aquifer from
the entry of contaminants.

Potentiometric
surface

Free-flowing
borehole

INTRINSIC VULNERABILITY

" ATMOSPHERE AND LAND SURFACE
Likelihood of infiltration:
« Precipitation (intensity/ duration)
« Topography/ slope
* land use/ land cover

SPECIFIC VULNERABILITY

Risk exacerbated by specific
contaminant:
* Contaminant properties/

toxicity

* Manner of contaminant
disposition

* Persistence,
bioaccumulation

" VADOSE ZONE
Likelihood of recharge:
* Distance (depth to water)
*  Flow rate (K,
* Confining layers

PHREATIC ZONE
Impact on aquifer:
* Recharge rate
*  Aquifer media

READ MORE:

ADAPTED FROM:

(a)-(c) Dippenaar et al. 2014; Driscoll 1989; Fetter 1994; Fitts 2002; Todd and Mays 2005; Younger
2005; (c) Foster 2002; Saayman et al. 2007; Sililo et al. 2001
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4.3. Influence of Cemeteries ahe Water Cycle

Somehydrological influences of cemeteries are depictedBox5. 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.

Detailedengineering geological investigatiohydrogeological investigation and isotope hydrology have also been
used in VZSAS3 (Dippenaar et 2014),VZSA5 (84), VZSA6 (B5) and VZSAT 18) 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

Subsirface flow systems areften controlled by the shallow perched or shallow interflow systems acting as
throughflow systems from upper slopes to lower wetlands or drainage channel$iguyed-1). This is ofteffinked
to the soitrock interface (VZSA514) that is also intrinsically altered during excavation and backfilling of graves.

1099 m r - -

1095 m

1091 m

W E

Low-cohesion loose soil . High-cohesion stiff soil = Groundwater table

Intercalated sandstone and Interflow/ perched water table
siltstone

Figure4-1. Conceptual model of th throughflow system at VZSA3 (Temba, Dippenaar et2014; Dippenaar2014).
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 sucHuahces include, for instance:

The proximityof leaking underground pipelines

Stormwater management paices concentrating infiltration of water at certain positions
Drainage systems installed to manage watessite retroactively

Onssite abstraction ofjroundwater increasing hydraulic gradients towards the sites
Off-site abstraction of groundwater mobilising groundwater flow from the cemetensibé.

=A =4 =4 -4 =4
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Box5. Impacts of Cemeteries on Water Resources.

5. IMPACTS OF CEMETERIES ON WATER RESOURCES

(a) Influence of Graves

Vadose zone

Ephemeral and/ or
perched water table

Bucket effect

More likely condition in //__,,——” / / J/ \ \\\ -

AEROBIC Percolation TN

sands

The groundwater table is affected through a so-called bucket effect, whereby graves can act as preferential infiltration
zones due to their poorer compaction in comparison to the natural soils. Water will then flood the backfilled graves, from
where percolation is promoted to the deeper subsurface.

This has important implications in the changing aerobic/ anaerobic conditions in the vadose zone, possibly resulting in
attenuation of certain organics and/ or microbial contaminants, while storing and temporarily precipitating some salts and
metals. Any contaminants stored in the vadose zone may be flushed out to the groundwater table at later stages following
prolonged and intense rainfall events.

(b) Interaction
Between Surface
Water and
Groundwater

Groundwater and surface water are also in constant interaction. By some means or another, the surface water is either
supplied by the groundwater, or it is supplying the groundwater. The presence of a vadose zone between surface water and
groundwater prevent direct interaction, but interaction is still occurring through movement of water in the vadose zone.
This may, however, result in some attenuation of contaminants, given that conditions are more aerobic. Important,
however, is to anticipate urban encroachment around cemeteries, which may alter these natural flow interactions.

1 1 1
(c) Soil-rock Interface ‘1’ \l’ ‘l’ \l’ ‘l' ‘1’
Whether the grave is excavated into soil or across the soil-rock -
interface has significant implications on whether subsurface moisture
will likely percolate into fractures or perch above the bedrock interface. )‘Lg
This will subsequently also contribute to whether graves are dry or _ o .
flooded, whether water will build up in graves to surface, and what the
redox conditions in the grave will be.
Coupled with the properties of the backfill material, the backfilled
grave can direct water into or away from the grave, from where further
deeper percolation can be influenced by the depth and properties of
the interface between the soil and bedrock. Whether burying above,
over or below this interface is important in understanding how natural
subsurface flow systems will be affected. Proper geological
understanding will advise regarding bedrock type and soil thickness,
J

aiding in envisaging the behaviour of water in the subsurface.

READ MORE: (a) Dent and Knight 1998; (a),(b) Dippenaar et al. 2014; Dippenaar 2014; (c) this document, Brouwers

ADAPTED FROM: 2017; Brouwers and Dippenaar 2018
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5. WATERUALITCONSIDERATIONS

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, therefor
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 tadesnas 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 contaminBatsd).

5.2. Influence of Cemeteriesn Water Quality

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

1 CKSANI a2dz2NODSa 09KSGKSNI FNRY GKS 02Reé&Qa RSO2YLRA
activities)

i The rate at which they arreleased to the subsurface

i Their mobility and persistence in the subsurface, and

i Their toxicity or health effects on receptors.

For these, thesources of potential contamination typically includ@ the actual decomposition of the corpse and the
associted 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 deBabed in
and, focusing specifically on the decomposition of the human bodgok8. Apart from these listed, certain other
contaminants should also be anticipated, such as pharmaceu(eaisFiedler et 312018)

Lessons learnt from all case studies VZSA3 to VZSAS8 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 elemBifterent 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% (Forbd987). 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 contaith the soil, and on the oxygen available within
the coffin, decomposition rates may vary drastically. Nonetheless, the process is explddted ind Box8.
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Box®6.
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Contaminant Transport.

6. CONTAMINANT TRANSPORT

LONGITUDINAL DISPERSION
Mixing along flow direction
due to changes in path length,
pore size, pore friction

LATERAL DISPERSION
Mixing normal to flow
direction

(a) Contaminant Transport

(b) Advection

Transport of contaminants with the movement of
groundwater according to the average linear flow velocity
calculated with Darcy’s Law (right) as opposed to the
specific discharge (left). It relates the hydraulic conductivity
(the ability of the medium to transmit water), the hydraulic
gradient and the effective porosity (void space contributing
to the movement of water) to each other to determine the
velocity in units of distance per time or velocity.

(c) Hydrodynamic Dispersion, Mechanical Dispersion, Molecular Diffusion

? of the pore due to less friction

ADVECTION
Flow according to Darcy’s Law

MECHANICAL DISPERSION
Mixing of contaminated and
uncontaminated water

MOLECULAR DIFFUSION
Mixing by means of

concentration gradient

according to Fick’s Law

Whereas advection follows a hydraulic
gradient defined by Darcy’s Law, molecular
diffusion follows a concentration gradient
according to Fick’s Law.

For a single point source (indicated by the
red circle)) the concentration of
contamination will decrease as the extent
thereof increases. This dilution effect is
solely due to contaminants moving from
high concentrations to low concentrations if
stationary, and may be influenced by
dispersion (changing flow pathways and

Longitudinal Dispersion
4 p directions) when flowing.

Fluid flow is faster in the middle For a continuous contaminant release the
contaminant plume will remain at the
source. However, for a once-off release, the
plume will progressively move away from

the source.

Fluid flow is slower in smaller
pores

Dispersion in the subsurface cannot be

Some water will travel longer
pathways

Lateral Dispersion
Changes in flow paths cause

movement normal to flow
direction

distinguished from diffusion, and combined
are termed hydrodynamic dispersion.

(d) Retardation

Any of a number of processes which can
slow down contaminant transport. These
include, but are not limited to, chemical
reactions, natural or radioactive decay,
decomposition and so forth.

READ MORE:

ADAPTED FROM:
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Box7.
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Contamination from Cemeteries.

7. CONTAMINATION FROM CEMETERIES

(a) Typical Contaminants and their Sources

Cemeteries pose different types of
contaminants that include not only the
decomposition of the body itself, but also all
chemicals used in the embalming processes
and coffins, metals from the ornamental
hinges on coffins and jewellery, and other
nutrients and pathogens sourced from poor
sanitary practices or landscaping.

Approximately 0.4-0.6 litres of leachate is
produced per kilogram of body mass. With a
high density of roughly 1.23 kg/I, it has a high
electrical conductivity, pH and biochemical
oxygen demand.

Apart from the decomposition of the body
itself, additional contaminants can include:

These are typically sourced from:

* Chemical substances such as those used in
chemotherapy or the embalming processes
(including  arsenic, formaldehyde and
methanol)

¢ Makeup such as cosmetics, pigments and
other chemical compounds

¢ Other items such as cardiac pacemakers,
paints, varnishes, metal hardware, chemicals
from batteries and dentures

* Microorganisms such as bacteria, viruses,
intestinal  fungi, protozoa and other
pathogens.

(c)

Contaminant

Mobility and Rate of Leaching

(b) Sources and Corrosivity of Metals

Metals are typically sourced from the accessory materials buried with
the corpse, i.e. jewellery and screws and hinges used in the coffin.

These metals are corroded with the corrosion rates strongly affected by
environmental conditions such as soil type (governing porosity,
permeability and surface tension), pH (governing acidity versus alkalinity),
temperature (for mild temperate to warm climates), wetting (intermittent
or flushing rain events versus permanently waterlogged) and hardness
(specifically as calcium carbonate, related to the mineralization of soil
moisture).

The table below indicates some environmental parameters promoting
(and retarding) the corrosion of selected metals used in coffins. This is
further exacerbated by, for instance, the presence of organic matters, and
nutrients such as chloride or sulphate. Sand is well-drained, and therefore
the initial water leachate may be more contaminated, whereas this is
retained and thus retarded in clayey soils. In general, finer-grained soils are
known to be more corrosive.

Soil type

Temperature

Persistence in Vadose Zone

N

READ MORE:
ADAPTED FROM:

(a),(c) Fineza et al. 2014; Dent et al. 2004; EA [Environmental Agency] 2004; Rodriguez and Bass 1985;
Zychowski and Bryndal 2015 ; (b),(c) this document; Van Allemann 2017; Van Allemann et al. 2018
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Box8. Human Decomposition.
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