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Up in Smoke or Six Feet Under 
 
‘Ashes to ashes, dust to dust’ 
 
The progression through life of each and every one of us is a history of take up, conversion and 
rejection of the natural resources of our environment, from the breath we breathe and the food we 
eat to the items added less naturally to maintain us along the way.  The difference between what’s 
taken in and what’s rejected is what physically remains at the end.  It has been borrowed from the 
environment for the period of our lifetime and has to be returned to the environment at its 
conclusion. 
 
The issue is not whether it is returned but how it can be returned causing the least detrimental 
effect upon those still using the environment – what we call pollution. 
 
If we look at an analysis of what makes up the average human body. 
Table 1 - % mass 
Oxygen 
65 

Carbon 
18 

Hydrogen 
10 

Nitrogen 
3 

Calcium 
1.5 

Phosphorus 
1 

      
Sulphur 
0.25 

Potassium 
0.2 

Sodium 
0.15 

Chlorine 
0.15 

Magnesium 
0.05 

Fluorine 
0.02 

      
Iron 
0.006 

Zinc 
0.0033 

Rubidium 
0.0017 

   

      
Zirconium 
0.00035 

Bromine 
0.00023 

Aluminium 
0.00014 

Copper 
0.00014 

Niobium 
0.00014 

Lead 
0.00011 

      
Cadmium 
0.000043 

Tin 
0.000043 

Iodine 
0.00004 

Manganese 
0.00003 

Vanadium 
0.00003 

Barium 
0.000023 

      
Arsenic 
0.00002 

Silicon 
0 

Titanium 
0.0002 

Nickel 
0.000014 

Boron 
0.000014 

 

      
Chromium 
0.000009 

Molybdenum 
0.000007 

Cobalt 
0.000004 

Silver 
0.000001 

Gold 
0.000001 

 

Then add the average coffin 
Table 2 - Coffin 
 Dry Analysis  Dry ash free  Wet 
Carbon 53.54  53.72  49.79 
      
Hydrogen 6.38  6.40  5.93 
      
Oxygen 38.24  38.37  35.57 
      
Nitrogen 1.32  1.33  1.23 
      
Sulphur 0.17  0.18  0.16 
      
Chlorine 0.00  0.00  0.00 
      
Ash 0.34    0.32 
      
Water     7.00 
      
 100.00  100.00  100.00 
      
CV 22944 kJ/kg  23023 kJ/kg  21338 kJ/kg 
 
We get a total make-up of 
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Table 3 - 25kg Coffin and 90kg Body 
 Dry Analysis  Dry ash free  Wet 
Carbon 46.86  50.45  24.91 
      
Hydrogen 7.82  8.42  3.86 
      
Oxygen 31.23  33.63  16.90 
      
Nitrogen 6.16  6.63  2.62 
      
Sulphur 0.53  0.57  0.23 
      
Chlorine 0.29  0.32  0.12 
      
Ash 7.12    2.89 
      
Water     48.48 
      
 100.00  100.00  100.00 
      
CV 22665 kJ/kg  24402 kJ/kg  11677 kJ/kg 
 
From this list of elements the main potential polluters are: 
 
Carbon as carbon dioxide, methane and other gaseous hydrocarbon products of decomposition 
Chlorine as hydrogen chloride and ‘dioxins’ (together with the carbon and hydrogen) and other 
polychlorinated hydrocarbons 
Sulphur 
Nitrogen as oxides of nitrogen – mainly from cremation 
Particulate matter 
 
and, not on this list, bacteria, mutagens, mercury and prosthetics. 
 
None of the elements in the list are destroyed either by burial or cremation, so the method of 
ethical disposal can only affect the form in which these products are returned to the environment 
and the consumption of non-renewable resources during that process – predominantly primary and 
secondary fossil fuels. 
 
Taking each of the potential polluters in no particular order, let’s look at their interim and, if 
possible, ultimate affect on the environment. 
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Pr ost h e t i cs 
 
These are often non-corrodible metals and plastics, which, if interred, will remain in the ground for 
long periods of time, could even become the archaeological specimens of the distant future, who 
knows?  Most plastics, however, will decompose over a period of time. 
 
The metals represent a valuable resource, often titanium from items such as artificial joints or 
stainless steel from bone repairs. 
 
If cremated, the plastics simply oxidise to carbon dioxide and water vapour – the end products of 
combustion – whilst the metals usually pass through the process largely unchanged. Recovery and 
recycling are currently not widely practised and hip joints, bone repair kits and other non-natural 
metal objects remaining at the end of a cremation (I’ve even seen a perfect set of metal false 
teeth) are usually collected from the cremation process and buried in the cemetery grounds.  
Moves are afoot, however, to change this and, once the ethical objections have been addressed, 
recycling after cremation provides a far better environmental option than does disposal by burial. 
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Or g an ic Mat er ia l s 
 
These are materials containing predominantly carbon, hydrogen and oxygen mainly derived from 
the body itself and the natural constituents of the coffin (wood, paper etc.). 
 
The putrefaction process, which starts almost immediately after death, continues after interment 
releasing liquids and gases into the soil. 
 
The main gaseous product from a decomposing corpse is methane – the product of most organic 
decomposition processes.  Each kilogramme of carbon is capable of producing almost 2 cubic 
metres of methane, which has a global warming potential (G.W.P.) of 23 times the equivalent 
volume of carbon dioxide. 
 
Other gases released by the decomposition process are: 
 
Hydrogen sulphide – which has a characteristic smell of bad eggs 
Carbon dioxide 
Ammonia  
Mercaptans – complex sulphur containing organic gases with a characteristic rotting smell 
 
In addition, embalming fluids (such as formalin), pathogenic organisms and mutagens can pollute 
ground water.   
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Recent evidence suggests that water in and from cemeteries may contain clostridium and 
streptococcal bacteria and concern has even been raised about the presence of the CJD vector – 
this, however, is as far as I am aware, pure conjecture. 
 
In the cremation process the organic elements are oxidised at high temperatures to the products 
of complete combustion – carbon dioxide and water vapour.  Bacteria and other pathogenic 
organisms are completely destroyed as would e the CJD vector in oxidising atmospheres in excess 
of 850°C. 
 
Each kilogramme of carbon is capable of producing almost 2 cubic metres of carbon dioxide. The 
global warming potential is, therefore is substantially lower than the methane produced, albeit 
over a longer period of time, from burial. 
 
The carbon dioxide produced from the organic materials in the body and coffin are predominantly 
from carbon within the so called carbon cycle which means it is carbon that has been extracted 
from the environment relatively recently to build the body or tree and is simply being put back for 
re-use. 
 
This is not the whole story of carbon dioxide production from cremation but it is the larger 
proportion and can be considered as non-polluting.  I’ll deal with the other part later. 
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Su lp h u r  
 
Sulphur contained in the interred body is slowly converted to hydrogen sulphide, mercaptans, as 
mentioned earlier, or accumulates in ground water as traces of sulphur compounds such as 
sulphuric and sulphurous acids (hydrogen sulphide itself is highly soluble in water), which end up 
in water courses and eventually the sea.  Some, of course, depending upon geological conditions, 
is retained in the ground for long periods of time and has no immediate effect on the environment. 
 
During cremation almost all the sulphur in the body is oxidised to sulphur oxides and emitted as 
gases into the atmosphere.  Sulphur oxides, or SOx for short, are the principal cause of acid rain, 
and are emitted in relatively vast quantities from many coal and oil fired power stations.  The 
average concentration of SOx in cremator flue gases is about 60mg/m3 (corrected) or put another 
way about 90 grammes (about 3oz) per cremation.  To put this in context here are some common 
sources of sulphur oxide emissions. 
Table 4 
Sulphur oxide emissions in 2004  
Total UK emissions approximately 0.833 million tonnes 
Power Generation 67% 
Industry 13% 
Refineries 8% 
Transport 5% 
Domestic 3% 
Service 2% 
Other 2% 
(Cremation  0.004%) 
 
The sulphur oxides are washed out of the air, over a period of time, by rainfall, producing acid 
rain, and they end up in water courses and the sea.  Burial and cremation are, therefore, simply 
alternative methods of getting the sulphur to the same place. Cremation is much quicker and 
involves a few more stages which, it has to be admitted, can be more polluting in the short term. 
 
Recent legislation changes on emissions from crematoria, aimed mainly at mercury emissions will, 
in many cases, have the knock-on effect of reducing SOx emissions and the capture of sulphur 
compounds from the flue gases.  This has the potential for reducing the amount of sulphur which 
ends up in the aquatic environment to below that resulting from burial. 
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Ox id es o f  N i t r o g en  ( N Ox )  
 
Oxides of nitrogen are mainly combustion products and are, therefore, unlikely to be found as a 
consequence of natural decomposition. Nitrogen in the interred body will eventually form nitrates 
in the soil – a common fertiliser. 
 
Oxides of nitrogen, NOx, are formed by two primary mechanisms, resulting in thermal NOx and 
fuel-bound NOx.   
 
Without going into too much detail, the oxides of nitrogen formed during the cremation process 
are predominantly so called fuel NOx from the coffin and body.  Nitrogen is present within the 
tissues of the body, although approximately half the NOx produced from cremation is due to the 
use of man made materials in the coffin construction such as Chipboard, Plywood, MDF and 
Cardboard.  These materials use nitrogen containing resins as binders thus increasing the 
formation of fuel-bound NOx.  Coffins manufactured from natural wood tend to produce much 
reduced levels of NOx. 
 
As a comparison, cremation in the UK emits into the atmosphere approximately 250 tonnes of NOx 
annually. The national total NOx mass emission is 1.67 million tonnes of which the power 
generation industry emits 451,000 tonnes and road transport 584,000 tonnes. Cremation, 
therefore, accounts for 0.015% of total national NOx emissions.   
 There are post combustion technologies available for NOx reduction, however, they are expensive 
and tend to be limited to use on much higher NOx producing processes such as large combustion 
plant. 
 
Ch lo r i n a t ed  Co m p o u n d s 
 
Most of the chlorine is present in the body as salts, although the stomach contains it as 
hydrochloric acid. 
 
On burial and decomposition the chloride salts are assimilated into the soil and eventually 
dissolved in ground water.  Hydrochloric acid would be neutralised in alkaline soil conditions to 
form predominantly calcium chloride or pass directly into ground water and eventually, through 
drainage routes, the aquatic environment. 
 
Cremation, on the other hand, releases chlorine as salts in the ashes or fly ash and hydrogen 
chloride in the flue gases.  Scattering or burial of the ashes results in the salts in the ash 
eventually dissolving and entering the aquatic environment just as those from burial.  Chloride 
salts and hydrogen chloride in the final cremator flue gases are, over a period of time, washed out 
of the atmosphere in highly diluted form by rain water and end up, again, in the aquatic 
environment. 
 
Recent legislation changes on emissions from UK crematoria limit the chloride concentrations in 
flue gases.  This, when implemented, will result in a reduction in overall chloride emissions from 
cremators of approximately 33% by 2013. 
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Car b on  Di ox id e  
 
As mentioned earlier, carbon dioxide from within the carbon cycle is formed both during the 
decomposition of the interred remains and, much faster, during the high temperature oxidation of 
the cremation process. 
 
The cremation process, however, also results in the emission of carbon dioxide from the 
combustion of fossil fuel both directly from the firing of burners and indirectly from the production 
of the electricity necessary to operate the cremation cycle. 
 
Without going too much into the details, each cremation produces approximately 80kg of carbon 
dioxide from direct fuel firing and a further 6.5kg as a result of the electricity usage. 
 
A total of 86.5kg of fossil fuel carbon dioxide per cremation. 
 
To put this into context there are approximately 420,000 cremations per year in the UK, on the 
basis of this carbon dioxide production this would result in 36,330 tonnes of non-carbon cycle 
carbon dioxide emitted into the atmosphere from the whole cremation activity. 
 
Road transport accounts for 31 million tonnes (or 850 times that from cremation) and a single 
power station (albeit the largest in the country) produces annually 21.7 million tonnes of carbon 
dioxide – 600 times more than from all cremators. 
 
Recently both the cremation movement and DEFRA have taken steps to reduce the gas usage in 
crematoria and significant efficiencies can be achieved by changes in crematorium operating 
practices – but that’s another presentation. 
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Mer cu r y   (The current hot topic). 
 
Mercury in the body derives predominantly from the amalgam in the teeth, although there is some 
bioaccumulation of mercury throughout the lifetime.  I could give you a one hour presentation on 
mercury and its removal from flue gases but, within the time allocated I’m just going to have to 
give a summary. 
 
In general mercury becomes a potential risk to health when it is ingested as organic mercury, the 
worst being in the form of methyl mercury.  The route to mercury being presented for ingestion in 
this form involves mercury in various forms being carried to the sea, either directly or through 
water courses.  Once in the sea or some lakes some of the mercury is converted by bacteria and 
micro-organisms to the easily ingested methyl mercury.  The mercury works its way up the marine 
food chain, concentrating in the higher fish forms as it rises ending up in its most concentrated 
form in the life forms at the top of the marine food chain, typically sharks, swordfish, and large 
tuna.  At this point, we eat it. 
 
In general, for mercury to go through this process, it needs to enter an aquatic environment. 
 
Mercury enters the environment from many sources both natural and man made 
(anthropomorphic). 
 
The main sources of mercury in the environment are volcanoes, the burning of coal and in Europe 
the chlor-alkali industry.  The death care industry comes well down the list but, whilst it is 
expected that most other man-made sources will reduce mercury emissions over the coming 
years, mercury from the treatment of the dead, if nothing is done about it, would rise dramatically 
over the next 15 years as the number of cases with substantial dental restoration increases. 
 
Various estimates exist but we know from an extensive programme of tests carried out in 2001 
that the average emission of mercury from cremation at that time was 0.9 grammes per cremation 
or about 3% of total anthropomorphic emissions from the UK. 
 
Various projections have been made and DEFRA has made a case to show that the average 
mercury will triple whilst other sources will reduce over the next 15 years. 
 
Mercury in the teeth and body enters the environment whether the body is cremated or interred.  
In the latter case the process is slower but mercury in the teeth will be gradually converted, 
particularly in acid soils, to soluble mercury salts in the ground water, eventually reaching water 
courses and seas and lakes where it goes through the process described earlier.  Sooner or later 
all mercury from interred bodies will end up in the aquatic environment by this mechanism. 
 
During the cremation process virtually all the mercury is evaporated and, in current conventional 
cremators, passes into the atmosphere in low concentrations.  In this form it disperses widely, in a 
statement a couple of years ago, DEFRA estimated that airborne mercury could go around the 
earth 2 or 3 times before grounding.  Eventually it is converted to a soluble form and is washed 
out of the air to enter the water courses and it then undergoes the same process by which a small 
proportion of it enters the food chain. 
 
So, whether buried or burned, the mercury ends up as a potential threat. 
 
The difference is that mercury can be removed from cremator flue gases and recent process 
guidance requires that, by 2013, 50% of cremations are carried out through cremation plants 
fitted such equipment and, under European legislation, this figure could be increased to 100% by 
2020. 
 
The removed mercury can be recovered and recycled.  The amount of mercury entering the 
environment per case from cremation is, therefore, potentially half that from burial in the short 
term and eventually less than 5%. 
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Diox in s 
 
Dioxins are toxic organic micropollutants that are produced as a by-product of many processes 
including combustion.  Cremation is no exception. 
 
In 2001 the Federation of British Cremation Authorities and the Cremation Society of Great Britain 
commissioned a wide ranging series of tests on emissions from cremators at a number of 
crematoria in the UK.  This covered cremators from the 3 major UK suppliers. 
 
The results of these tests are – 
 
Si t e  N o. Test  N o . PCDD/ F 

TEQ n g / m 3
N

 

1 1 0.04 
 2 0.01 
 3 0.03 
 Mean 0.03 
   
2 1 0.03 
 2 0.12 
 3 0.10 
 Mean 0.08 
   
3 1 0.01 
 2 0.04 
 3 0.01 
 Mean 0.03 
 
As a comparison, at the time these tests were carried out, dioxins were not regulated for UK 
cremators but 1ng/m3

N was considered acceptable.  Subsequently this has been replaced with a 
figure of 0.1ng/m3

N for cremators fitted with abatement equipment. 
Extrapolating these test results and being generous, we are looking at an average of about 0.05 
ng/m3

N or approximately 60 ng/cremation or, to put it another way 0.025g of dioxins(TEQ) 
emitted from the whole of the cremation activity in the UK per year. 
 
It is a common misconception that dioxins are produced only by incineration and cremation 
processes.  This is far from the truth, all combustion processes produce dioxins to a greater or 
lesser extent.  In 2004 AEA Technology estimated a total annual mass emission of dioxins from 
reportable processes of 280g TE. This does not take into account unreported emissions from open 
fires and natural processes – in 1998, Corus estimated that the UK atmospheric burden of dioxins 
increased by 32g during the first week of November – approximately 90% of the total annual 
emissions from the iron ore sintering industry. 
 
From these figures, cremation accounts for 0.009% of the annual known emissions of dioxin. This 
figure equates to approximately 1.9 billion cigarettes, or about 5½ days UK consumption based on 
estimates for 2006 – and that does not include hand rolled consumption. 
 
It is known that dioxins are produced during decomposition processes including composting 
although these are released so slowly that actual measurements are difficult to find – certainly it is 
difficult to find a testing organisation that is willing to sit in a graveyard for 10 years.  It is almost 
certain that traces of dioxins are released from the decomposition of interred remains but, equally, 
just about impossible to quantify them. 
 
 
Par t i cu la t e  Mat t e r  
 
As with oxides of nitrogen, airborne particulates result from cremation but not from burial. An 
average cremation will produce approximately 100 grammes of solid particulate material made up 
mainly of calcium, sodium and potassium salts and fly ash. 
 
These particles basically become part of the airborne dust burden, eventually settling out of the 
atmosphere to be absorbed into the ground or aquatic environment. On the way they can be 
ingested, contributing to the various malaises and complaints associated with atmospheric dust 
such as asthma, lung diseases etc. In the defence of cremation, however, the level of PM10’s in 
the vicinity of the average crematorium is considerably lower than would be experienced at street 
level from road traffic. 
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The recent changes in emission legislation for crematoria will result in the fitting of abatement 
plant to cremators, which is capable of removing virtually all the solid particulate matter from 
cremation gases. So a reduction of the particulate burden from cremation by almost 50% will be 
achieved by 2013 with the potential for almost complete prevention by 2020. 
        
En v i r o n m e n t a l  I m p act  
 
The interesting point with many of these potential polluters is that, whether interred or cremated, 
they all end up back in the environment in one form or another.  If the body is buried, there is 
little that can be done to manage the mechanism by which they re-enter the global environment. 
 
With cremation, however, the technology exists, and is being implemented, which enables us to 
control the end form in which these species are released to achieve the lowest impact on the 
environment and, ultimately, ourselves. 
 


