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PRE'ACE 

Energy has long been viewed as an essential ingredient in meeting 
basic human needs and in stimulating and supporting economic growth and a 
rising standard of ).ivi.ng. }listorically, energy has been thought to be 
cheap and plentiful. Recently, however, it has been realized that fossil 
fuels, especially oil, are finite in extent and should be regarded as 
depleting assets, and the term "energy crisis" has become a common 
catcl:iword all over the world. However, it is difficult to define this 
"crisis". Does the problem lie in the scarcity, or the vulnerability, of 
supply? Or is it the rising cost of energy resources as an important cause 
of the world-wide inflation and recesaion? Or is the crisis defined by an 
"excessive" demand for energy, or by widespread habits of energy waste? 
Of course, it may be all of these things. 

At local, national and in some oases regional levels, the environ-
rintal aspects of energy production and use have become the subject of 
wide-ranging debate. Environmental awareness and anti-pollution campaigns 
have affected the formulation of energy policies in many countries, and it 
has recently been realized that nations are not isolated in this respect; 
the actions of one country may affect the environment in a neighbouring one. 
Environmental objectives should not, however, be seen as being inconsistent 
with, or as imposing constraints upon, energy policy. A balance should be 
maintained betwen the need to preserve and improve the quality of the 
environment and the socio-aconomic goals and needs which depend on the 
availability of energy. Nowadays, energy policy decisions are dictated 
less by technological than by social, environmental and political factors, 
Although some countries are sensitive to the environmental aspects of 
energy production and use, there is still need for a comprehensive and more 
coherent consideration of the subject. 

One of the tasks assigned to the Governing Council of the United 
tiono Environment Programme by the General Assembly of the United 

Nations in its resolution 2997 (xx'iI) of 15 December 1 972 is to: 

"keep under review the world environmental situation in 
order to ensure that emerging environmental problems of 
wide international significance receive appropriate and 
adequate consideration." 

In this respect, the Governing Council of UNEP considered at its 
fourth session (March/April 1976)  a review of the environmental impact of 
production 

ang]. 

 use of various forms of energy. As a follow-up to ibis 
report, the Governing Council requested the &ecutive Director to under-
take more detailed studies of the environmental impacts of the production, 
storage, transport, and use of energy. 

- 
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The present report was prepared by Dr. Esnam El-Hinnawi of the UN' 
secretariat on the basis of contributions written by a number of scientists and 
information compiled by UNEF. It was reviewed by an international panel of 
experts that met in Warsaw in April, 1978 and revised and finalized accord- 
in.g to the comments of the members of the panel.j/ It deals with the 
environmental impacts of the production, transportation and use of fossil 
fuels and is the first in a. series of studies an the environmental impacts 
of different sources of enery, The second report in the series, dealing 
with the environmental impacts of nuclear energy, is being published, while 
the third report, on renewable sources of energy, is in preparation. A 
fourth report concluding this series of studies will aim at a comparative 
assessment of the environmental impacts of these various sources of energy, 
and will be published in 1980. 

The production, transportation and use of fossil fuels, especially 
coal, raise a number of important environmental issues. Among these, 
questions of the availability and allocation of resources are likely to 
play an important role as pollution problems proper. lend and water use, 
emissions (including thermal discharges) and their impact on ecosystems and 
human health are but examples of the problems to be encountered. 

Concern has been recently voiced at the implications of extensive 
coal utilization, especially its possible impact on climate. The atmosphere 
is believed to show a warming primarily due to the greenhouse effect of 
inorea.eing carbon dioxide emissions. The important question is: what will 
the regional changes of temperature and rainfall be? Studies with climate 
models and of climate observations indicate that regional anomalies will 
probably occur, but the magnitude and impact of these anomalies cannot be 
reliably predicted at present. The medium and long-term effects of such 
possible climatic changes are of such fundamental importance that they 
command serious attention. 

It is my sincere hope that this report will be found to give a 
balanced assessment of the environmental impacts of fossil fuels as seen by 
the international experts in the field and as viewed by the United Nations 
Organ responsible for the safety of the Ewironment at the global, level. 

I would like to express iiy gratitude to the scientists who prepared 
background papers for this study and to those who participated and helped 
in the review process. 

Mostafa K. Polba 
Tbcecutive Director 

jJ For a list of experts, see Annex I. 



11 	Energy is one of the most important pre-requisites of life. Without 
energy our entire civilization - transport, industrial manufacturing, 
oonmiorcial activity and food production - would come to a standstill. 
Since prehistoric times human society baa been consuming a constantly 
increasing wnount of energy. The modern industrial era brought with it a 
marked increase in consumption of energy and changes in energy sources 
from wood and coal to predominantly oil and natu.ral gas. The relationship 
of economic prosperity to energy consumption has become an essential 
element of energy policy, for it couples the latter to eoonomio policy 
and the general national welfare. Although there are anomalies in the amounts 
of energy required in different countries to achieve a given level of gross 
national product ((EP), there is nevertheless a. rather consistent relation-
ship between Ca'P and energy consumption. 

The rising global demand for energy has been met to an increasing 
extent by the use of fossil fuels, especially oil, which were cheap and 
plentiful. Recently, many countries have realized that non-renewable 
80U1CSB of energy are finite in extent and that diversification of energy 
sources is a must for future development. Concern for future energy 
supplies is reflected in the progranlnes of many national governments and 
in the efforts being made by a number of international organizations to 
assess global energy resources and possible rates of supply and substitution. 
Energy policies are nowadays influenced by several factors: population 
growth, level and nature of socio-economio activity, the relative coats 
of energy, the adequacy and reliability of supply, the availability of 
technology and supporting infrastructure, the success of energy con-
aervation prograes and concern about the environmental and safety aspects 
of production and use of energy. 

World energy consumption increased almost 600 per cent between 
1900 and 1965 and is projected to increase another 450 per cent between 
1965 and the year 2000. Most of the world's consumption of energy from 
foeil fuels throughout all history has taken place during the past 
40 years. Fatimates of future demand and supply vary considerably, 
depending on the assumptions made about resource availabilities, 
economic growth, pricing policies, the responsiveness of energy demand 
and supply to changes in prices and incomes, and political and 
environmental factors. Recently, it has been illustrated that, after 
1965, world demand for energy is likely to outstrip supply (World Bank, 
1 979). Supply of oil is predicted to fail, to meet increasing demand before 
the year 2000 (WArs, 1977). 

- 1 - 
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4. 	Induetrialiud oountries dominate the energy ma.rkst, socounting for 
more tbans third of wor:Ld production and more than half of world acm-
mimption. Together with the oantrally p1.imd soononi.., they aocoimt for 
about 66 per cent of world energy production and about 85 Per  cent of 
world conaimption. The developing oo'imtries with more than 52% of the 
world population aøoount for about 14% of world energy conznption 
(World Bank, 1979). 

50 	&orgy production in industrialized, nations is expected to Inorsasm 
by about 3 per cent a year b,,en 1976 and 1990. Coal and nuclear power 
are expected to acooit for a substantial part of the antioipated production 
increase., with relatively modest ovra].1 increases in petroleam and natuzsl 
gas production. Some of the ssjor issue, a.ffeoting the dsveloent of ooal 
and nuclear power are environmental preservation, safety, and the unc.rtalntie 
related, to oil price.. These factors have resulted in long delays and oost 
overruns in nuclear power d.velopoent - problecc that aie likely to be 
exacerbated by recsnt events in the US nuclear power industry, whiok have 
heightened the a.naitivity to .alety hazards and increased the costs of 
insuring against them (World Bank, 1979). Increased relianos on oosl41red 
sisotriolty, inclnMn€ the conversion of existing oil-fired plants, posse 
several econcmio and environmental problem.. 

6. 	The growth of .ner&y consumption in developing countries slowed down 
to an average of about 5 per cent a year during 1973-76 1  though it was igpioally 
faster than this in oil exporting developing oountries. Eaeotnioity con- - 
sumption continued to increase rapidly, with its Bhale in total energy 
consumption rising from 16 per cent in 1960 to 25 per cent in 1976. In the 
years 1976 to 1990, the developing oomtries energy consumption is expected 
to grow faster than in industrialized countries, reflecting their higher 
expected economic grow-tb rates and rising levels of induMrfalization and 
urbanization. Moreover, comnercial energy is likely to substitute increasingly 
for non-caimercial en.rgy in developing countries. Their share in world 
energy consumption is expoted to ris, from about 14 per cant in 1976 to 
about 17 per cent in 1990 (World sank, 1979) 0  

7 • 	The energy problem over the next two decades should be seen as one of 
transition, in which oountrieø need to adjust to higher energy prices, to 
ensure the rational non-wasteful use of the non-renewable sources of energy 
and to diversify their sources of energy establishing an appropriate and 
environmentally realistic "energy mix" to meet their incremental needs. 

Eivironmental Impaots s 

S. 	The present report aims at reviewing the environmental impacts 
aa.00iated with the production, transportation, processing and use of fossil 
fuels. It is, therefore, important to define what oonatitutie an 
environmental impact for the purpose of this study. 



- 3 - 

90 	Consideration of the Dsclamtion and Principles of the United Nations 
Conference on the Thrut Environment oonvned in Stockholm in 1972  shows that 
the environment - defin.d as the whole outer pbysioal and biological system  
in which man and other organisms live - is a whole, albeit a complicated one 
with may interacting components. The wiae mana.gsmeni of that environment 
depends 'upon an onder.tanding of thos• components: of its rocka, minerals 
and watere, of its soils and their present potential vegetation, of its 
animal life and of its climate. Good management avoids pollution, erosion, 
and the wastage of resources by irreversible r1nmge.  To prevent such types 
of environmental degradation is even more challenging and certainly more 
efficient than to redress thetii after they had occurred. 

10 0 	Of the many potential environmental impacts associated with any 
partioILI.ar energy technology, some would be substantial and others wall, 
some important and others of little consequence, some of short du.ration 
and others with long term effects, some might be adverse and others bane-. 
±icial and they might occur in different geographic arena and might affect 
different comaunitias in d.ifferent ways. A distinction should be made 
between the assessment of the nature, scale and geographic distribution of 
the impact, and the evaluation which is concerned with its valu, or importanceo 
or many envLronmental changes which are id.sntified as impacts, the state of 

biowledge and technology will often only permit a qualitative aasesnt. 
Only in a fr cases is it possible to evaluate an impact quantitative]y. 
Decisions must ultimately be made on the basis of combination of ooetf 
benefit analysis, other quantified inputs and qualitative information. 

Diacuasion of the enviroumenial impacts of various energy strategies 
has, in the past, tended to focus more attention on shoi-t-term aspects, 
such as occupational and public health and direct impacts on the physical 
environment, than on the long-term socio-eccnomio and environmental con-
sequences. Kowerer, there in now a growing disposition to analyse theøe 
long-term impacta which may range from those for which substantial data 
exist and aroi.md which there is a fair degree of certainty as to the risks 
involved, to those which are rather speculative in nature and for which 
very little data are available. 

The biosphere consists of different organisms, plants and animal 
life supported by a niiber of physical characteristics such as topography, soils,  
climate, water supply and. drainage. For a given development, these phystoal 
characteristics and hence the biosphere may be affected. Whenever pollutants 
are released, the analysis of the environmental impact of these pollutants 
requires the biowledge of the: 

a quantity and types of pollutants released; 
b dispersion of these pollutants in the environment; 
c ecological pathways followed by the pollutants; 
d relationships between the pollutants and the lnirlge 

to man and his environment; 
(e) the extent of the damage incl'ud.ing its cost (where 

it is possible to make this assessment). 
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The total impact of some pollutants may depend on positive or 
negative synergistic effects. Although standards have been formulated 
for "acceptable" levels of Beveral p011IltantB, it is prudent to assume 
that for exposure to mamy pollutants there is no threshold and that effects 
can occur at very low exposures. A further feature is that many pollutants 
may riin in the enviroiuneni (and accessible to the food chain) long after 
the action releasing them has been discontinued. Attecpts to assess the 
long-term impacts of these pollutants, although difficult, should be made 
tAk(ng into consideration the different pathways, biogeoc&hemical cycle, and 
fate of these substances in the environment. 

The assessment of environmental impacts resulting from the different 
stages of any fuel cycle is important in re].ation to poliay-aking and 
decisions about ener' options or flmixest  to be developed. The oonaervation 
of the natural environment is essential to the maintenance and regulation of 
the food, air and water cycles on which hn life depends and to socio-
economic d.velo*nent. The most impor-tarit impacts of any ener' technology  
on the human environment are probably the impacts on health and safety and 
on social well-being, 

An important part of the overall risk assessment process for the 
various enerr options is the attempt to quantify the total harm to man 
and his "life-support-systems" caused by enerr pollutants, e.g. 
radionuclides t  potentially toxic heavy metals, polynuclear aromatic 
hydrocarbons (PA.H), nitrogen oxides (NOr),  sulphur oxides (so ) ... ito. 
These act directly (via inba1.tion, ingestion) or indirectly via 
biogeochemical cycles and the human food-chain) to affect human health, 
agricultural or resourceroductivity, or to cause nuiBance or other dic-
amenities (e.g. corrosion). Although the amount of this risk is now a days 
being worked out separately for each energy option on a comparative basis, 
traditionally, environmental health authorities have tried to assess the 
amount of harm to people resulting from direct or indirect exposure to 
various doses of a pollutant whatever its origins, i.eo in a more general 
way taking  into account all its sources together. 

Using experimental anin.ls as aubtitutes for man, toxic effects 
(particularly acute effects) have frequently been found to follow a 
sigaoid curve with dose where, below a certain level of pollutant 
vir-tua].ly no effect is found. This type of dose-effect relationship is 
often confirmed by occupational health etatistica (i.eo at relatively 
high pollutant levels). As a oonsequence, attempts have usually been made 
to derive safety strui.rds and "clean-up" procedures for pollutants in the 
various environmental media of air, water, soil, food ..* etc., so that 
they ultimately deliver a dose to man below a "safe" level, thus avoiding 
harm altogether. However, apart from acute and sub-acute effects oaused 
by relatively high pollutant doses, there are longer term effects on living 
organisms (including man) usually associated with smaller doses, e.g. 
chronic illness, carcinogenic, mutagenic or teratogenic effects. All these 
may appear much later on in the life-cycle or even be delayed until later 
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generations. Chronic, and particularly "late effects are more and more 
ccsiing to be regarded as being linearly (not aigmoida.11y) related to dose, 
very low doses or repeated incremental doses sometimes even appearing to 
exhibit higher than expected effectiveness on a linear basis. In fact 
asveral of those pollutants formerly biown as producing sub-acute and 
chronic effects are also now being shown to cause genotoxic effects and 
hence exhibit a linear does-effect picture over the lower part of their 
toxicity range. 

Linearity of the dose-response relationship effectively means that 
when making an evaluation of risk, account must be taken of the probability 
that a harmful effect will be induced at any doee however small. The 
existence of linearity in dose-response curves is further complicated in some 
instances by pollutant ditribuiion dynamics in the environment, and by the 
fact that health risks are attributed to combined (synergistic) effects of 
more than one pollutant. Furthermore, a particular pollutant being emitted 
from an energy producing process may be altogether swamped by vast quantities 
of the same pollutant coming from non-energy processes and so it is prudent 
to keep a sense of this perspective when calculating energy related risks. 

Fossil fuels (coal, oil and natural gas) are used for many purposes: 
domestic, industrial, transportation and for electricity production. In 
1976, about 73.2  per cent of The electricity production in the World was 
from fossil fuel fired power plants (see Table i). Therefore, the 
environmental impacts of the different stages of the coal-, oil- and 
natural gas- fuel cyclas* in this report are quantified (when feasible) on 
the basis of 1000 14(e)y (i GW(e)y) for easy comparison. 

Table 1. World Electricity Production (in 109 )wh)** 

Year Thermal Uyd.ro Nuclear Total 

1972 4226 1294 144 5664 
1973 4583 1313 191 6087 
1974 4580 1439 246 6265 
1975 4660 1 459 343 6462 
1976 5063 1456 398 6917 

** After: World i!iergy Supplies 1972-1976, United Nations (1978)19 

* The "fuel cycle" refers to the entire programme from the extraction of 
raw material, through transportation, processing, storage, use of the 
fuel, to the management of wastes produced in all steps of the cycle. 
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COAL 

19. 	Coal has long been used as an energy source and it occupied a 
prominent position amongst fossil fuels at the beginning of the present 
century. The importance of coal declined after the extensive discoveries 
of oil, which has, until recently, been cheap fuel. Nowadaya, speolal 
emphasis is being macis on expanding the production and use of coal to 
reduce the depend..enoe on the fast-depleting oil resources. 

200 	Table 2 given the annual production of coal in the World in 
1975-1977 showing only a eliit increase in total production; the average 
per capita conBumption of coal in 1976 was about 2600 kg. The total world 
resources of bard coal and brown coal have been estimated. at 10,130 x 109  
tonne coal equivalent (toe); the reserves that are currently technically 
and economically recoverable are estimated to be about 640 x 10 9  toe, i.e. 
6.3% of known resources. It is expected that this amount will double by 
the year 2020 (Grenon, 1978). 

Table 2. World Production of Coal (in million metric ton)* 

1 975 1976 1977 

B.C. B.C. B.C. B.C. B.C. B.C. 

Africa 75.4 0.1 81.2 0.1 85.5 0.1 
N. knerica 595.0 21.5 603.5 27.9 631.4 32.8 
S. Ameri.ca 7.9 0.1 9.4 0.1 9.8 0.1 
Asia 652.6 20.1 673.4 23.2 698.3 26.1 
Europe 475.9 630.3 482.0 655.0 486.0 700.0 
Oceania 62.2 30.1 700 31.1 73.3 33.a 
U.S.S.R. 484.7 160.2 494.4 192.8 500.0 206.0 
World 2353.7 862.4 2413.7 930.8 2475. 1  998.3 
Total coal 3216.1 3344.5 3473.4 

* 	H.C. : 	Ea.rci coal with thermal value greatr than 22000 Btu/kg; 
B.C. : 	Brown coal and lignite with thertal value less than 22000 Btu/kg. 
After : 	World Energy Supplies 1972 - 1976 9  United Nations (1978) 
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21. 	Table 3 gives the estimates of coal resources and the technically 
and economically recoverable deposits. 

Table 3. World Coal Resources (in 10 6  tce)* 

Geological 
Resources 

Technical and 
Economically recoverable 

H .C. B.C. H.C. B.C. 

N. 	America 1,286,225 1 ,399,525 121,938 65,031 
S. therica 25006 9,263 4,901 5 9 860 
Asia 5,494,025 887027 219,226 29091  
Europe 535,664 53,741 95 0 010 33,752 
Africa 1 72,7 1 4 190 34,033 90 
Oceania 213090 49,034 18,164 9,333 
Total World. 7,727,624 2,398,880 4909272 143,657 

* After Grenon (1978). 

The expansion in coal production is faced by a number of obstacles, 
the most important of which are: the availability of qualified miners and 
engineers; the construction of a suitable infrastructure and of adequate 
transportation facilities; various environmental problems, which need to 
be solved, both in production and in consumption; the fact, that at present 
potential markets for coal are not yet sufficiently being developed in many 
parts of the world, since other sources of energy are still being offered 
at competitive prices; the lack of interest on the part of potential investors 
to commit themselves to the development of coal; the long lead times 
required for opening up new mines, establishing the necessary infrastructure, 
transportation facilities,etc. 

Environmental Impcts of Coal Mining 

Coal can be mined, according to its geological setting by a variety 
of methods, the most coon of which are underground. mining (room and 
pillar or long-wall techniques) and strip mining (area or contour). 
Recovery factors of 100 per cent are not possible in practice; at present 
the average recovery factors in most coal producing countries are around 
35 per cent in underground room and pillar mining, 60-Bo per cent in 
underground mining of long-waIl faces and 80-90 per cent in surface mining 
(ECE, 1976). The amount of coal to be mined depends on the energy content 
of the coal, which varies with its type and its use - whether for domestic 
purposes, industry (steel, cement ... etc.), electricity generation,or a 
combination of these. 

Occupational Razards: 

Coal mining has a number of occupational hazards. Besides accidents 
in underground mines (fires, explosions, land subsidence, etc) and in surface 
mining, coal-workers are exposed to respiratory diseases and noise. 



25 	Based on statistics for the period 1971 to 1975 in the U.S.A., 
the accident fatality rate in und.rground. coal mining has been 
estimated to be 0.4 deaths per 10° tonnes of mined coal. In large modern 
mines, the rate is likely to decrease by 5et  i.e. 0.2 deaths per 1C)6  
tonnes (Hamilton, 1977;  Morris et al., 1979). In surface minin, the 
accident fatality rate has been estimated to be 0.1 deaths per 10 0  tonnes 
of coal. The rate of accidental non-fatal cUsabling injuries in 
underground mining is estimated to be 30 per 10 6  tonnes of mined coal 1  while 
in surface mining it is estimated to be 5.5 per 106 tonnes (Morria et al., 
1779). Table 4 gives the estimated number of fatal and non-fatal accidents 
resulting from coal mining per 1000 MW(e)y. It should be noted that 
statistics from other countries might show different accident rates and 
the estimated number of fatal and non-fatal accidents per 1000 MW(e)y 
could be higher or lower than these figures. 

Table 4. Estimated fatal and non-fatal accidents from coal 
mining (per 10)0 MW(e)y)** 

Uncle rground Surface 
Mining Mining 

Fatal accidents 1.20 (0.6)* 0.3 
Non-fatal accidents 90 	(45) * 16.5 

* - Values between brackts are estimates for large modern mines 
** - Assuming that 3 x 10° tonne coal (enery content 2.6 x ioT tu/tonne 

are required for the production of 1000 Mi(e)y from a power plant 
with 38 thermal efficiency. 

Occupationally induced mortality and morbidity (due to respiratory 
diseases, especially black-lung disease known as coal worker's 
pneumoconioeis, 	p) in coal miners is subject to great uncertainity. 
It was estimated (New York Acad. Sci. 1971) that 251  of coal miners get 
black-lung disease from ingestion of coal dust. However, in maxy countries, 
stringent control measures have considerably reduced the incidence of the 
disease. Rae (1971) estimated that CWP might be virtually eliminated by 
reducing duet concentration in underground mines to 2 mg/rn 3 . However, 
this may not be possible for techno-economic reasons, or in some coal mines 
especially in developing countries. 

In a recent study in the U.S.A., Rockette (1977) estimated the 
occuptatonal isease induced-mortality in underground coal mining at 0.07 
deaths per 10 ionne 	1orris et al. ,(1979) considered this figure as the 
best estimate, with a range of zero to 0.47. The chronic respiratory 
disease incidence has been estimated to be about 12 times that of deaths 
(Morris et aL, 1979). Using these estimates, the calculated number of 
occupational deaths per 1000 (MW(e)y would be 0.21 (range between 0 and 
1.41). The calculated number of cases of chronic respiratory disease is 2.5 2  
per 1000 IM(e)y. 



Some studies have been made on the relationship between trace elements 
in coal and the severity of (YdP (Sweet et al., 1974; Ca.rlberg, 1971). 
No relationship has been found between the severity of GWP and means of 
chromium, copper, iron, manganese, nickel, titantium, zinc and non-coal 
duat. However, vanadium was found to be more strongly associated with 
CWP than either beryllium or magnesium. A 1975 survey of the presence 
of xadon-222 and radon-220 d.auitera in 123 operating mines in the U.S.A. 
concluded, that there was no apparent occupational health hazard from 
inhalation of radon-222 or rad.on-220 d.aughters (Lee et al., 1975). 

The incidence of GiP in surface coal mines is much lower than in 
underground mines. Fairman et a].. (1977) found that 4% of 1438  surface 
miners had some evidence of (MP, but only 7 miners (o. 5%) had X-ray films 
interpreted as CWP. Most of these had previously worked in underground 
mines for prolonged periods. 

Another occupational hazard in coal mining is noise produced by 
mining equipzent. A survey made in 1976 in North-Rhine Weetfalia (FRG) 
showed that about 61% of workers in underground mines were exposed to a 
maximum noise level of 90 dB(tt) which is considered non-injurious according 
to present regulations in the PRO, about 31% were working at noise levels 
of 91-100 dB(A) and about 8% of the workers exposed to 101 dB(A). Recently, 
several technologies have been applied leading to marked reduction in the 
level of noise of some of the mining equiment (Hurok, 1978). 

Impact of Coal Minipg on Land: 

31 • 	Surface coal mining (strip mining) has a more serious impact on land 
than underground mining. The amount of d.isrupted land varies from one place 
to another, depending on the geological occurrence of the coal-bearing 
formation and its characteristic.. It has been estimated in Poland, for 
example, that 6-9 heotares of land are d.ierupted in the production of one 
million tonne of lignite (EE, 1976). In other countries, as much as 
800 heotares are disrupted per one million tonne of mined coal. 

32. 	Where surface mining ifs carried out in densely populated areas (for 
example, in the Rhineland, Federal Republic of Germany) it has a direct 
effect on human settlements and the total infrastructure in the area. 
Construction of new settlements, roads, etc., is necessary if mining 
operations are to move towards older inhabited areas. Reclamation of strip-
mined areas has been successfully achieved in some countries. In the Rhine 
area, for example, huge wheel excavators selectively strip off and save the 
top layer of bees (an extremely fertile type of loam), and remove the 
remaining sand., gravel and clay overburden to expose the coal beds. 
Simultaneously, mammoth spreader machines fill the overburden back into 
mined-out pits while bulldozers level it out in preparation for applying 
the top layer of loose (Nephew 1  1972). Fields of grain and hay are already 
thriving on land, that was restored less than five years ago. 
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33. 	The degree of difficulty and the time required for the land to be 
restored iepertd.s to a large extent on the grading of the land after mining, 
Boil restoration, fertilizer addition, the amount and type of reseeding, 
and the amount of rainfall and water availabe in the area. The water 
needs for reclamation vary from 1500-12000 & per hecta.re per year. The 
amount and type of treatment to obtain satisfactory results will vary 
from place to place as will the oost. It is possib].e, in spite of the 
great variability, to generalize on the range of costs that may be 
involved in restoring strip mined areas The complete restoration conducted 
in the German Rhineland brown coal region is estimated. at 3 7500 to 
3 11,000 per hectare, and about $ 10 1 000 per bectare for the UK; costs 
estimated for the U.S.A, vary between 3 25 0  and 3 10,000 per hectare 
depending on the degree of reclamation used. Generally speaking, about 
4 of the coal production costs are required for reclamation of land 
(caD, 1978). In some areaa coal mine spoil has been used for brick manu-
facture, cement and light-weight aggregate production (Glover, 1978). 

Iinpact of Coal Mining_on Water: 

	

34. 	Coal-mining water demands are modest, and include water for dust 
control,f ire protection and coal washing. Average water use in coal 
mining Varies from 63 to 120 litres per metric ton in underground mining 
and about 17 litres per tonna for surface mining. An additional 33 litres 
per tonne in both methods are required for waste disposal (UNESCO, 1979). 
tbierground mining has little direct impact on surface streams but may 
have profound long-term effects on ground water resources. By its n.ature 
a mine tends to drain a large area, and if soluble minerals are present in 
the coal and associated rocks, these minerals may enter the streams 
draining a. mining region and cause severe degradation of the water quality. 
This effect is important both where mines are drained by pumping and in 
mountainous regions where &rainage is by gravity. Contamination caused by both 
deep and surface mining has substantially altered the water quality of 
some 17,000 km of streams in Appalachia, U.S.A. Acid drainage seriously 
pollutes about 10,000 km of streams, reducing or eliminating aquatic life 
(Nephew, 1972). 

	

35. 	Different control measures are being taken in different countries 
to minimize the detrimental effects of acid mine drainage. Such measures 
include drainage control in the mine area, proper disposal of sulphur-
bearing materials to ensure that pyritic refuse does not come in contact 
with water, sealing up abandoned mines to prevent water from entering the 
sulphur-bearing soil and chemical treatment of acid mine drainage. The 
latter consists eeaentially of treatment with various alkaline neutralizing 
agents, includ.tng limestone, lime, and caustic soda. Such treatment is 
&esied primarily to treat solution acidity and remove those ions whose 
solubilities are sensitive in the acid to neutral range. New methods of 
treating acid mine drainage utilizing ion-exchange technology, reverse 
osmosis, and flash distillation reduce acidity and a substantial part of 
the dissolved. ions. In some countries, stringent control measures are being 
impinented to avoid the hazards of acid, mine drainage. 
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Environmental Impacts of Coal Processing 

Coal cleaning is accomplished by physically separati.ng refuse and 
sulphur-containing pyritic material from coal. Chemically-bound organic 
sulphur is not removed. These physical beneficaUon techniques are capable 
of removing up to 40-50  of the sulphur and 65-75 of the ash contained 
in the raw coal (Ferrell, 1978). The arnotuit of pollution generated 
in the process of coal cleaning depends upon the amount of coal treated. 1  
the chemical and physical properties of the coal, and the top size to  
which the coal must be prepared. 

Most air pollution arising from coal washing is the result of 
drying of the coal in a stream of hot combustion gases that are produced by 
the burning of coal. The air pollutants that are created are fine coal 
dust, ash, NO and 50 , resulting from the combustion of the coal used to 
supply the hof gases for coal drying. In addition, dust is created during 
the crushing and grinding of the coal to the size required. Air pollution 
can also arise from burning of refuse puss at coal preparation plants 
which have caut fire as the result of spontaneous combustion. This can 
usually be controlled by preventing oxygen from leaching the carbonaceous 
material by reshaping the pile to avoid steepy sides and by covering the 
pile with soil and vegetaica. 

Coal washing requires varying amounts of water depending upon 
process and type of coal (UNPSCO, 1 979). The liquid effluent produced 
is called black-water and contains suspended coal fines. Black-water is 
usually sent to a tailings pond where the solids are allowed to settle and 
the clear water re-circulated.. Be-circulation and treatment of wash water 
are integral parts of the operation of modern coal cleaning plants. 
Closed water circuits have grown in popularity because they eliminate dis-
charge to streams, reduce makeup water, and allow for improved recovery 
of fine coal. 

Solid wastes from coal cleaning and processing consist of coarse 
and fine refuse and constitute a potential source of acid mine drainage. 
The finely divided, and well-exposed state of coal refuse enablea acid-
producing and weathering processes to work more effectively. Pollution 
from refuse piles can be controlled by proper reclamation to prevent 
seepage or by diverting any seepage from the piles to settling ponds where 
uapended solid.s and other pollutants can be retained and treated. 

The ocoupation.l accidents in coal processing have been estimated 
at 0.02 deaths er 10°  tonne of coal input to the plant and. 1.3 disabling 
injuries per 10° tonne (Morris et al., 1979). kccordingly, 0.08 deaths and. 
5.2 &issabling injuries may be incurred per 1000 MW(e)y. 



Environmental Impact s of Coal. Transportation and Storage 

Inland coal transportation is generally by railway or inland 
waterway over long distances, by conveyor belt or road over shorter 
distances, and in the future will be increasingly by slurry pipelines. 
The principal environmental impact of ourface transportation of coal 
is the fugitive coal dust, unless measures are taken to eliminate or 
substantially reduce its occurrence. A surface pipeline might create a 
barrier to animals and fanu eqtdinent, thereby creating possibly greater 
secondary impacts than railways. 

The principal pollutant from loadi.ng/unloa&thg, and transportation, 
and storage of coal is fugitive coal dust. It is estimated, that about 0.1 
per oent of coal are lost during transit and the loading/unloading 
operations (OECD, 1978). The amount of dust generated from the open storage 
piles varies widely depending on such factors as climate, topography, and 
characteristics of the stored coal. Dust from coal handling and open coal 
storage can be suppressed by different methods, for example by sparying, 
storing in enclosed bins or silos, etc. Water used in coal slurry pipelines 
is contmi,tated with suspended and dissolved solids and may cause water 
pollution problems if d.iscbarged without proper treatment. 

The storage of any coal can present problems of spontaneous combustion 
from reactions between the coal and atmospheric oxygen at ambient 
temperatures. This is especially true in ease of lower rank coal.e with 
high proportion of volatiles. Special precautions are generally taken to 
prevent such spontaneous combustion. 

The accidental fatality rate in railway transport (based on statistics 
for rail freight transport in the U.S.A., see Morris et al., 1979) 
has been estimated at 0.01 per 106  torine of coal transported over a haul 
d.jsta.nce of 500 km, fhile in waterway transport by barge, it is estimated 
at 0.04 death per 10 tonne of coal. For pipeline transport, accidental 
death is 0.005 per 106  tonne of coal over a 500 km distance. According 
to these estimates, the calculated fatalities from coal transportation per 
1000 MW(e)y would be: 

Railway trnsport of coal 	0.03 
Waterway transport of coal 	0.12 
Pipeline transport of coal 	0.01 

It should he emphasized that these values differ markedly with distance 
of transportation and are lower for shorter distances. Some countries, for 
example, the U.S.S.R., have introduced the concept of "enerr parks" or 
complexes where the power plants are located near the coal mining and 
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cleaning plants. This makes it possible to rduoe the environmental 
impacts of transportation of coal and to better manage the wastes resulting 
from all plants. The U. S. A. and other countrie a are considering this 
concept. In such Cases, however, the electricity generated from these 
centralized complexes has to be transmitted through long tranmnission lines 
to centres of consumption (see Chapter VI, for environmental impacts of 
tranmission lines). 

Environmental Irnpacts of Coal Utilization 

Trad.i ti onal Coal Combustion: 

Coal is used directly at home, in industry, agrirulture or for 
electricity generation. The percentage of coal used in the different 
sectors varies considerably from one country to another. 

Direct combustion of coal has a number of environmental impacts due 
to the emission of air pollutants (sulphur oxides, SO ; nitrogen oxides, 
NO ; carbon monoxide, CC); carbon dioxicts, CC) 2 ; particlates; organic 
copounds; trace metals; radionuolicles; etc. ) and the creation of an ash 
waste which requires disposal. These problems are pa.rticu.larly evident 
in the power industry where large q-uaniitteu of coal are burned. 

When coal is burned, sulphur in the coal is oxidized mainly to 
sulphur dioxide (502)  but very small amounts of sulphur trioxide are also 
produced.. Some proportion of the sulphur always remains with the bottom 
ash as iulphate and a miall amount is retained as sulphate in the fly ash. 
Generally about 5% of the sulphur in hard coal is retained in the bottom 
ab and about 95% is emitted as SO , although there can be a greater 
retention with lower combustion tãperaturee. 

The quantity of fly ash or particulate emissions is determined by 
the ash content of the coal, the temperature of combustion and the design 
of the boiler, Fly e.sh is generally formed by evaporation an(i subsequent 
condensation of ah matter, or by elutriation of solid or molten ash 
particles by the moving gases. The former mechanism leada to the formation 
of very fine particulates, often less than one micron in diameter, which 
are difficult to remove from the flue gas. Higher combustion temperatures 
produce more fine particulates. Technolo" is well developed for the control 
of particulates above the domestic use level. Domestic control is often 
applied in urban areas by requiring the use of specially prepared smokeless 
solid fuel. 

The formation of nitrogen oxides (NO ) during combustion is a 
complex mechanism which depends upon temperture of combustion, design of 
the combustion chamber and availability of excess combustion air. During 
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combustion both the nitrogen in the fuel and the nitrogen in the air 
can be converted to NO • In larger oombua tore, the temperature of 
combustion is higher aAsi NO formation is greater. NO formation can be 
oontrolled to some extent 4  controlling the excess oo&bu.ation air or by 
certain mod.ificaiions to the ocmbustor. 

Table 5 gives an estimate of the airborne, liquid and solid wastee 
produced by a coal-fired power plant. The oharacterietios and impacts 
of the different pollutant, on the environment are diacuseed in detail 
in Chater V. 

Coke Production: 

0oLng is the process of heating coal in an atmosphere of low og.n 
content, L..., destructive distillation. During this process organic 
compounds in the coal breakdown to yield. gases (coal gas) and a residue 
of nonvolatile nature (coke). The gases are drawn off to a collecting 
main and are iubj.oted to various treatmsnt to separate asonia, coke-
oven gas, tar, phenol, light oil and pyridine. The oollacts& ook-ovsn gas, 
being high in 00 and byd.rooarbon cont3nt, is used as a fu.l in the coking 
process and in the steelmaking process. Hydrogen and carbon disuiphide 
present in the gas are emitted as sulphur dioxide during combustion. 
Deeulphurization of coke-oven gas prior to combustion is carried out in a 
number of countries, notably in FRO and Japan. 

Table 5. Effluents from a coal-fired power plant (per 1000 MW(e)y) 
in tonne* 

Airborne Effluents 
Particu.lates - 	3x103  
Sulphur oxides 	11X1 04  
Nitrogen oxides 	2.7x104  
C.rbon inonoiid.e 	 2x103  
flydrocarbons 	 400 

Liauid. Effluents 
Organic material 66.2 
Sulphuric acid. 82.5 
Qiloride 26.3 
Phosphate 41.7 
Boron 331 
Suspended solids 497 

Solid. Wastes 
Bottom ash + recovered 

fly ash 	 3.6x10 

* Calculated from ata given by Wilson and Jones (1974). Assuming power 
plant burns 3x10 tonne coal; sulphur content of coal 2; enercontent of 
coal 2.6x107  Btu per tonne; thermal efficiency of power plant 38; fly ash 
removal efficiency 99; no flue gas desuiphurization. 
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Water and tar vapour in the gases emitted from the coking process 
condense as the gases are 000led. The water is then separated from the 
tar in continwue decanters. This water, called azemonia liquor, is by 
volume the second largeat product from coidng. It contains phenol which, 
even when present in very minute quantities, constitutes a real threat 
to water purity. The total amount of phenol-carrying water discharged 
mayb. of the order of 130 to 180 litres per tonne of coal. Up to 
98-99 per cent of the phenols can be removed by existing licuid extraction 
processes (cCD, 1978). 

Coal Conversion Processes: 

The concept of coal conversion is d.eoeptivsly simple. It involves 
primarily two basic steps: the orackin,g of heavy hydrocarbons into 
liiter ones and the enrichment of the resultant molecules with hydrogen. 
Unlike the concept, the application of coal conversion is not simple. It 
involves the band].thg of enormous amounts of a hi8hly variable material 
(upward.e of 25,000 tonnes of coal per day) often at high temperatures and 
presslLres; it requires emt&imment and control of both highly corrosive 
process materials and those that pose a possible hsalth threat; and it calls 
for treatment and disposal of a voluminous solid waste and a possibly 
hazardous liquid or gaseous waste (Braunstein et al., 1977). Nonetheless, 
coal conversion is a viable teohnolo. 

Coal gasification: 

Low-Etu and high-Btu gases are the products of prime interest in coal 
gasificatiqn. Low-Btu gas (heating value of 100-500 Btu/of or 3700- 
1 8500 kJ/m) is usable as fuel feed.stock or for power generation in 
combined gas-steam turbine power cyc 

i 
 ea. High-Btu gas (heating value of 

900-1000 Btu/acf or 33300-37000  kJ/m) can be a substitute for natural 
gas and would find wide use for heating fuel and industrial feed.stock. 
The basic difference between low.-Btu and hi gh-Btu processes is that air is 
used instead of oxygen in the gasifier to produce low-Btu gas. Also, the 
shift conversion and methanation operations are not used in low-Btu gas 
production. Most gasification technologies under development today incorporate 
the concept of hyth'ogasification in which the incoming coal is initially 
reacted with a hydrogen-rich gas to form directly subatantial amounts of 
methane. 

The rates and degrees of conversion of the various reactions that 
take place in gasification are functions of temperature, pressure, gas 
composition, and the nature of the coal being gasified. Aside from the various 
operating configurations used, most gasification systems can be categorized 
according to the following methods of contacting gas and liquid streams: 
suspension-or entrained-bed reactor; fixed - or moving-bed reactors; 
fluidized-beci reactor, and molten-bath reactor (CECD, 1977; Braunsteiñ at al., 
1977). 
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56. 	Although coal gasification was carried, out on a coetmercial scale 
in the 19308 and 19408, the technolo' was aband.oned when a cheaper natural 
gas and oil became abundant. At present,revival of interest in coal 
gasification, especially in inud.strial countries, is based on the expected 
need to find, a substitute to restrict oil imports. Several stud.iea are 
underway to develop technologies for coal gasification with reasonable 
costs to increase the conversion efficiencies. 

570 	In-situ gasification of coal, which converts a coal seam into 
combustible gases, produces a gas rich in carbon monoxide, carbon d.ioxid.e, 
hydrogen, hydrocarbon gases, and other gases. Depending on the gas 
injected (air, oxygen, or oxygen and steam), the heating value of the 
product gas can range from as low as 50 Btu/scf when air alone is injected 
to as high as 280 Bt/scf when an intermittent air-stream sequence is 
used (Braunstein et al,, 1977). The idea of underground gasification is 
attractive. The method avoids mining and waste diaposal and adds 
unaccessible, unworkable, or uneconomical coal deposits to the energy 
pool. Unfortunately, the gas has a low heating value and would either 
have to be used at the site or upgraded for transportation. 

Coal Liqiefacti on: 

Synthetic liquid fuels have a prime potential use in the firing of 
industrial and electric boilers and gas turbines. Aiivsntages of coal 
liquefaction are that the entire range of possible products - including 
fuel oil, gasoline, jet fuel, and diesel oil - can be produced from 
coal by varying the type of catalysts and other operating conditions. 
This flexibility is very desirable from a process standpoint. 

Industrial quantities of liquid fuels, suitable as a petroleum 
refinery feed.stock, were prod.uned in Germany in the 1930s-1940s by two 
different processes. In one (Bergius), the coal was dissolved, in 
recycled oil and reacted in the presence of a catalyst with hydrogen 
(produced by the gasification of coal) at pressures of 700 atm. and 
temperatures of 450C C. The resulting liquid product was filtered,, part of 
the oil recycled with fresh coal, and the balance of the primary oil 
product hydrogenated in a gaseous phase to make synthetic petroleum 
products. In the other process (Fischer-Tropsch), all of the coal was 
first gasified to a mixture of carbon monoxide and hydrogen. After purifica-
tion and adjustment of the carbon monoxide-to-hydrogen ratio, the gas was 
reacted over a catalyst at moderate pressures (30-35  atm.) and 
temperatures (23500  to produce liquid, products. By the selection of 
different carbon monoxide-to hydrogen ratios, catalysts, pressures, and 
temperatures, a wide range of liquid products can be matte - from straiit 
chain hydrocarbons to alcohols. A coamercial plant using the Fischer-
Tropech process is in operation today in South Africa. South Africa 
domestic coals are gasified in largi generators, the resulting gas 
purified, and then liquefied by two different catalytic processes. The 
plant uses 6000 tonne of coal per day and produces a wide range of liquid 
products - gasoline, diasel and other fuel oils, weiss, alcohols, and 
ketones. The plant size is 8 1 000-10,000 barrels of oil per day (CECD, 1977). 
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Many of the new processes now bel.ng investigated, to convert coal to oil 
are designed to procluoe a clean liquid1 product that can be used as a 
utility or industrial boiler fuel to raise steam or for use as a heat 
source for industrial processes. The objective is to have a product 
that i.e low in sulphur and anh and can be stored, transported and bumed 
as a liquid.. 

nvironmental Impacts of Coal Conversion: 

Table 6 awxtrizea the estimated reeouroe requirements and 
effluents for coal gasification and. liquefaction. It should be noted 
that modern plants are designed for zero aqueous discharge, thus either 
avoiding water pollution concerns or reducing water intake requirements. 

Table 6. Catimated  resource requirements and effluents 
from coal gasification and liq'uefaction* 

Low-Btu 	ILl gh-B'tu 
Gasification 	Gasification 

Coal 
Liquefaction 

Reaouroe requirements 
Coal (tonne)' 4.6x106 	5.7x106  4.6x1 06  
Land. use (beotare) 1531 	 672 1562 
Water (litre/y) 294x1 	19. 6x1 9  1 Cxl o 

Effluents (4r-borne), 
tonnejy 
Particulates 0.75 	820 529 
50 1960 	9061 1706 
NO' 982 	6771 7409 CCX 28 	 356 291 
Hydrocarbons 28 	 108 2268 
NH3  40 	 49 - 

Solid. wastes (tonneJy) 53x10 	57x1O 62x10 

* Calculated, after data given by EPA (1978), on tb basis of energy 
requirements to produce 1000 MW(e)y; i.e. 7.9x10 3 Btu/y. The energy 
content of coal assumed to be 2.6x1O Btu/tonne. 

Conversion processes are dually oriented.: (1) to convert plentiful 
coal into scarce liquid and gaseous fuel and (2) to remove or treat, during 
processing, environmentally unacceptable or health-endangering compounds. 
As a result, coal conversion methodology is concerned, as much with processes 
for hinMing  the by-prod.uots as with the products themselves. Knowledge of 
wastes and emissions from coal conversion processes is still incomplete 
(aunatein at a]., 1977; Talty, 1978). However, it is 1aiown that wastes 
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will be generated d.uring each main process stage and that these wastes 
are largely controllable or convertible to enviromentally acoepiable 
forms. A more serious and less tractable problem arises from possible 
fugitive emissions produced by inadequate containment of process streams 
(leaky valves) or incomplete treatment of wastes. Eigh-iemperature process 
streame may contain carcinogenic organic compounds similar to those 
implicated in an increased incidenoe of skin and lung oanosr among coke-
oven workers. 

Beoauae coal is a dirty fuel, earl.y technologie, that used coal 
without sulphur-emission control contributed heavily to environmental 
pollution. Coal conversion, however, is specifically mandated to produce 
clean fuel from coal; thus, a wide variety of techniques for removing 
sulphur are integrated into coal conversion processes. Sulphur can be 
removed during coal pretreatment or the conversion process and from produot 
and waste streams. Because organic sulphur is difficult to remove during 
coal pretreatment and because about 9O of the organic sulphur is 
converted to hydrogen s -ulphide in both gasification and liquefaction, 
this form of sulphur is estimated to be the major sulphur contaminant in 
gas streams. Most of the sulphur in coal is expected to be recovered from 
conversion streams as elemental sulphur, although the sulphur that reaches 
the stack gas as sulphur oxides and is collected by limestone scrubbing 
will end up as sulphate. Neither toxin of sulphur is particularly 
obnoxious environmentally, although the quantity to be disposed of is 
considerable: A 25, 000-ton-per--day plant using a coal containing 4 
sulphur will produce 1000 tone of sulphur daily. As opposed to throwaway 
disposal, new uses for elemental sulphur are being considered. Production 
of sulphur-based paving materials and plastics or use of sulphur in 
thermal and acoustical insulation are considered alternatives to la.ndfi 11 
or minefihl disposal (Braunatein et al., 1977). 

The fates of trace elements during the coal conversion process are 
not yet completely Iciown; however, the majority of elements are expected 
to remain in the solid by-products such as ash, chars, and filter oaks. 
Nontheless, material balance studies are required to trace the pathway 
of hazardous elements during conversion and to determine the concentrationa 
and forms of the elsients in gas streams, cond.eneatea, and waste streams. 
The release of conversion process wastewater into natural waters also 
constitutes a possible source of environmental pollution. The aqueous 
streams, which arise when process gases are oondau.esd or scrubbed., may 
contain components of the product gas - carbon monoxide, carbon dioxid, 
hydrogen, hydrogen cyanide, and methane - along with contaminants such as 
sulphur and nitrogen oompound.a, ash (dust and partioulates), phenol., 
emulsified -tar, and oil. ?u.tive tar aollact,d in wastewater oontaina a. 
wide variety of organic compounds, and waatewater particulates may colisot 
and adsorb polyoyclio armatjc hydrocarbons (pi). Of the water-soluble 
organics, phenols appear to be inptant, along with alcohols such as 
oateohol, resoroinol, and their methylated derivatives. Basic components 
such as pyrid.ines, quinolines, and indoles have also been identified in product 
wastevater. The environmental impacts of these pollutants arising from coal 
conversion processes have still to be clearly defined.. 
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0Th AND NAIURAL GAS 

Oil is undoubtedly the most versatile foeil fuel and source of 
enerr. The distillation of crude oils produces a variety of refined 
products, from straight-run petrol, middle di stillatee (such as 
kerosene, heating oils, diesel oila and jet fuels), wide-cut gas oil 
(waxes, lubricating oils and starting material for the production of 
gasoline) to residual oils, usually asphaltLc in nature. Modern 
transportation systems, the petrochemical industry and several energy-
requiring systems cannot operate without these product a. Indeed., oil 
has recently played a major role in the uocio-econcmic structure of 
the world., not sharedby any other source of energy. 

Table 7 gives the ~roduction  and. conmption of oil in the w or ld. 
Over ten years (1966-1976, the production and consumption has nearly 
doubled. The annual ch.nge in 1976 over 1966 is about +5.6% (British 
Petrolewn, 1977). 

Table 7 - World. Oil Production and Consumption (106  tanne)* 

Production ConBwnpt ion 

1975 	1976 	1977 1975 	1 976 

N. America 557.4 538.6 529.3 849.0 906.3 
Latin America 228.1 233.0 236.0 174.0 186.4 
W. Firope 30.6 45.0 68.0 664.0 706.4 
Middle Ekst 972.7 1100.1 1084.7 66.8 73.3 
Africa 245.9 285.4 298.0 51.3 54.2 
Asia 891 103.1 111.3 356.2 377.9 
Oceania 19.9 20.5 22.7 35.3 36.3 
USSR 485.0 515.0 538.0 362.0 380.0 
E.stern Europe 20.0 20.0 20.7 86.0 90.0 
china 65.0 75.0 93.3 55.6 66.0 

Total World 2713.7 2935.7 3002.0 2700.6 2878.8 

* After World Energy Supplies: 1972-1976, United Nations (1978); 
British Petrolewn, (1977). 
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66. 	The estimated recoverable amounts of oil at the end of 1976 are 
given in Table 8. It should be noted that these estimates do not 
represent the potential of oil reserves in the world since exploration 
activities, particularly in the offiore and outer continental shelf 
areas, will probably lead to the discovery of huge oil reserves, 
hitherto unknown. 

Table 8 - Estimated. Oil Reserves in the World (proven, 
recoverable, in 106 tonne)* 

N. America 5800 
Latin America 4700 
W. Europe 3300 
Middle East 50000 
Africa 8100 
USSR 10700 

stern Firope 400 
China 2700 
Asia 2600 

World Total 	 88300 

* After BritiBh Petroleum (1977). 

Although the oil production has been steadiLy increasing in 
the world, some studies (e.g. WA, 1977) predict that the 
production will level by 1985 and then decline towards the end of the 
present century. It is difficult at this stage to draw decisive 
conclusions in this respect since the oil production is controlled by 
several factors, technical as well as geo-political. 

Natural gas (also that associated with oil) is becoming an 
attractive source of energy, both to reduce dependence on oil and from 
the environmental point of view. Table 9 gives the world natural gas 
production and consumption for 1 975-1977. Between 1966 and 1976, the 
product ion and consumption of natural gas has increased about 1.6 t iines 
(British Petroleum, 1977). 

The estimated recoverable natural gas resources at the and of 
1 976 are given in Table 10. These values are, again 1  approximate 
values and do not represent the true natural gas potential of the world. 
Recent exploration opera.tione have Led to the discovery of several 
fields of natural gas (McCaslin, 1975) 9  and further exploration efforts 
will lead to the discovery of more fields. 
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*bl. 9 - World Production and Coneption of Natural Gae (in 109m3 )* 

Production Con euirapi ion 

1975 	1976 	1977 1975 	1976 

N. America 622.5 627.9 641.1 644.0 654.1 
Latin America 40.3 41.1 41.1 45.7 47.3 
W. Europe 1 67.4 175.2 172.9 177.9 195.2 
Middle East 41.1 41.9 43.4 31.2 33.6 
Africa 116 16.3 16.3 6.8 7.6 
Asia 22.5 26.4 27.1 21.7 258 
Oceania 5.4 7.0 8.5 5.7 7.0 
USSR 265.9 295.3 320.0 274.2 294.8 
Eaetern Europe 48.1 52.7 55.0 58.4 62.7 
China 3.9 3.9 4.7 5.5 6.1 

Total World 1228.7 1268.4 1331.0 1271.0 1334.0 

* After World &orgy $uppliee 1972-1976  United Nati.one (1978); 
Briti.th Petroleum (1977). 

Table 10 - Estimated Natural Gas Reeerv'eu at the end of 1976(in 109m3 )* 
North America 8229 
Latin America 2709 
W. Europe 4272 
Middle East 1 6077 
Africa 6273 
USSR 27540 
Fetern Europe 300 
(h(nA 750 
ABia 3600 

Total World 	69750  

* After Britieh Petroleum (1977). 
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ivironmental ImDacts of Oil and Natural Gas Production 

bplorwt ion and production of oil and natural gas, whether 
carried out on land or off shore, have a number of environmental 
impacts. Accidanta and equipment failurea can oauae harm to workers 
and to the environment. Fires, explosions and accidental oil apilla 
are the most con accident a. Modern drilling methods and 
equipment incorporate a ntinber of safety measures which have been 
devised particularly to prevent accident a and if they happen, to 
minimise their effects (van Eek, 1977). 

1ploration and production of oil and gas from offshore fielda 
began about 100 years ago. In 1974, off ahoe areas produced about 
1.2 million tonne of oil daily, or about 18 per cent of the worldwide 
crude prod3ction. Offshore proved crude oil reserves are estimated 
at 22 x 10 tonne and represent 23 per cent of the world total. The 
share of offshore petroleum in worldwide production is estimated to 
reach 25 to 30 per cent in 1980 and probably 35 to 40 per cent in 1990 
(Leleuch, 1973).  Tble 11 shows the rapid increase in oil product ion 
from offshore wells. 

bl. 11 - Offshore Oil Production (106  tonne)* 

1970 1974 

United States 74.1 53.9 
Middle East 97.0 1 84.0 
Venezuela 1 15.0 97.3 
Others 59.1 100.0 

Total 345. 2  435. 2  

* Calculated after Outer Continental Shelf Asaes.ent(1974) 

At the present time exploration in offshore waters is t1d.ng  place in 
more than 100 countries and in about 40, production of oil is about to 
taice place. To date more than 18000 oil welle have been drilled off 
the US Coast alone (Weataway, 1977). 
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Offshore oil and gas exploration and production is a major 
industrial deve1onent. The support it needs in terms of installat ions 
and trained personnel is large and is provided from coastal areas as 
near to the oil fields as possible. When these areas are not 
industrialized, labour and housing shortages may becc*ne aonte, and 
considerable pressure is put on social and other coamiunity service a. 
The siting of the necessary facilitiee, e.g. pipeline terminals, 
platform bu.ild.ing siiea,...etc leads to some problems in land 
management as it competes with other poaible uses for the coastal 
zone. 

The fatality rate of accidents in onshore and offshore 
operations is of the same magnitude (FPA, 1978) and has been estimated 
at 0.02 per 106  tmne of oil produced and 0.18 per 109m 3  of natural 
gas produced (0.0002 per 106  tonne). The rate of injuries has been 
estimated at 1.72  per 106 tonne of oil and 16.5 per 109m 3  of gas (or 
0.019 per 106  tonne of gas). The number of fatalities and injuriee 
incurred by oil and natural gas production to produce 1000 MW(e)y has 
been calculated and are given in Table 12. 

Table 12 - Fatalities and Injuries from Accidents in Oil and Natural 
Gas Production (per 1000 MW(e)y) 

Fatalities Injuries 

0il 
Natural GB&HI 

0.50 
0.40 

43.0 
36.3 

* Assuming that 2.5 x 107  t9nne of oil are needed as input to 
refinery producing 2 x 10° tonne of residual oil for the 
production of 1000 )(W(e)y. 

Assuming that 2.2 x 109m3  of natural gas are required. 

Despite careful treatment of effluent discharges and stringent 
controls to minimise the number of accidental oil spillage, offshore 
and terminal operations will result in some &ischarge to surrounding 
waters. Llthough some field studies (for example, in Lake Moracaibo, 
Venezuela, and Timbalier Bay, Gulf of Mexico) showed that there is 
no ecological damage in these areas due to offshore operations 
(Westaway, 1977), further studies are necessary to determine the long-
term effects of bydrooarbons and trace elements on the marine 
ecosystem. Tidal marshes, coastal wetlands, river miwnps and sheltered 
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bays which are sensitive eco-zones support a variety of organiBns at 
all stages of develoeut, and low levels of hydrooarbonB may have 
some local long-term effects on these organiems. 

Although accidental spills from offshore operations are 
normally of relatively onall volume, some large spills have occurred. 
Blowout s and natural hazards (hurricane., storms eto) are the main 
causes of such accidents. In the period between 1953 to 1972, 43 
accid.enis occurred during operations on the outer continental shelf 
in the U.S.A. About 290,000 to I million barrels of oil were 
spilled and the accidents caused 56 deaths and 108 injuries among 
workers (oos, 1974). Technology now available is au.fficiezrt to 
ensure a safe condu.ct of operations for depths doi to 200 m and for 
climatic oomlitions similar or less severe than those of the North 
Sea. However, there is a definite trend towards working at greater 
depths and in even harsher environments. For this reason, new 
technologies are being continuously developed and there may be a 
possibility that higher environmental risks may occur when applying 
these new technologies (0FCD, 1977). 

In the produtjon of oil (offshore or onshore) large amounts of 
brine (about 8 x iO'm) are associated with the oil in an emulsion 
form. The brine is separated by the aid of chemical agents or 
electrostatic separation. The disposal of the separated brine is 
normally carried out by injection into the earth. Small amounts may 
however be d.iposed of in the near-by marine waters or in other surface 
waters, in which case, it will seriously affect the water quality of 
the receiving water body and consequently the aquatic ecoiystem. 

If the oil and gas produced contain a high H2S content, sulphur 
emissions will constitute a potential air pollutant at the production 
site. The amount of emitted su3.pliur depends on the storage technology  
of oil at the site before transportation, the sulphur content and the 
temperature of the crude during storage. In some cases, especially in 
gas production, desuiphurization is necessary to satisfy the pipeline 
specifications on sulphur content • The recovery of sulphur depend, 
however, on tecbno-ecouoinic factors which include the availability for 
markets for sulphur. In small fields, the H28 is vented into the 
atmosphere or flared. In large fields1  however, C].auB plants are used 
to recover sulphur from 85-95% of the E2S; the rest being emitted to 
the atmosphere. 

Ekiviroiwiental Impacts of Transportation of Oil, and Natural Gas 

Areas of production of oil and natural gas seldom co-incid.e with 
areas of processing and/or demand. Most of the crude oil and gas has to 
be transported over long distances between ecporting and importing 
countries. 
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Marine 01]. Transportation: 

79. 	Marine -transportation is the most important means of transporting 
oil from oil-producing to oil consuming areas. Table 13 shows the growth 
in the trisport of oil by sea over the period. 1960 to 19759  a period 
of rapid growth and one which has seen a major change in the size and 
technological develojinent of tankers. I)uring this period, the total oil 
transportation by sea more than tripled (the finished products nearly 
doubled while the crude movement has increased by a factor of more than 
4). 

¶'able 13 - World Movement of Oil by Sea (in million metric tonnes)* 

Crude Products Total 

1960 305 144 449 
1965 567 180 747 
1 970 1,033 230 1,263 
1973 1,404 291 1,695 
1974 1,387 269 1 165 6  
1975 1 1 273 235 1,508 
1977 1,700 

* Source: Walder (1977); IMCO (1978) 

To carry this oil, the world's fleet of tankers has also grown. 
In 1954 the world tanker fleet consisted of just under 3500 ships 
totalling 37 million deadweight tone (dwt). By 1977  there were nearly 
7000 tankers in operation, totalling approximately 340  million diii 
(tMcO, 1978). One feature of this expansion has been the great increase 
in the size of ships. The largest tanker in service in 1954 was around 
30,000 dirt; today -there are several ships of more than 500,000 dwt 
(chips over 150,000 dirt are referred to as Very Large Crude Carriers, 
VLCC; those over 350,000 diii as Ultra-Large Crude Carriers, liLaC). 

Although the world tanker fleet generally has a good safety 
record, the fact that ships today are so much larger than they were 
20 years ago means that the consequences of an accident are potentially 
much greater - as was shown by the Torrey Canyon incident in 1967  and the 
even greater Amoco Cadiz d.isaster in 1978-  Experience has shown that 
such incidents can have serious effect upon the environment and marine 
life, damaging such important resources as fisheries and tourin for 
long periods. 
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Tanker accidentu can happen almost anywhere. While oil is 
imported chiefly into the industrialized countries of Europe, Japan 
and North America, tanker routes pass close to the coata of many other 
countries. Winds and current can move oil slicks large distances in & 
relatively short time, and the consequences of a major spillage can be 
even greater in developing parts of the world, simply because there 
are fewer resources for dealing with them. Another danger to the 
oceans (and to coastal states) comes from the cleaning operations 
carried out by crews of oil tankers. The tanks in which the oil is 
carried are normally cleaned while the ship is returning to the 
loading port. In modern ships the normal procedure is to use special 
machines which blast jets of hii-pressure water on to the tank sides 
removing the oily residues which are left after the oil has been 
unloaded. This procedure realts in a mixture of oil and water 
forming at the bottom of the cargo tanks. Some of the tanks are also 
filled with water on the return voyage, to make the ship low enough in 
the water for it to be properly manoeuverable. The water, used in this 
way also becomes contaminated With oily residues. In either case, the 
mixture of oil and water which results has to be dipossd of before 
the tanker can take on a fresh cargo of oil, and in the past the normal 
practice was to pump this directly into the sea. For many years it has 
been recognized that the amount of oil being pumped into the sea is too 
great for the ocean to absorb; and a variety of methods have been 
introduced in an attempt to eliminate the problem of what is normally 
termed "operational pollution". The "load-on-top" (AYr) system and 
more recently the washing of tanks with crude oil have greatly reduced 
this type of operational pollution 

The In-Governmental Ma.rit ime Consultative Organization (IMCO) 
has played an important role in promoting safety at sea and reducing 
marine pollution from ships. 114CC) has introduced a wide variety of 
international Conventions, Codes and Recommendations which have helped 
greatly in achieving these two objectives (see  11100, 1978). 

Table 14 gives the amount of oil spilled in the ocean due to 
tanker accidents, in the period 1970-1978. 

Table 14 - Oil spilled into Ocean (tonne)* 

Year Oil Spilled 

1970 190,450  
1971 109,125 
1972 58,5 00  
1973 52,200 
1974 54,900  
1975 110,700 
1976 1 35, 000  
1977 121,050 
1978 237,600** 

* After INCO ( 197 9 ) 
Amoco Cadiz disaster contributed 220,000 tonne (Rann, 1979) 
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This amount of oil constitutea about 35% of all oil discharges in the 
sea (see Table 15). 

Table 15 - Sources of Oil in the Oceans (after EPA, 1977) 

Eat imated Contriburion Source 	 (Barrele/y) 

Production and Transport 	 16,000,000 	 34.9 
Tanker a 
Dry Docking 
Terminal Operations 
Bilges 
Accidents 

Direct Sources 	 6,500,000 	 14.3 
Coastal Refineries 
Municipal Waste 
Industrial Waste 
0ff-shore oil product ion 

Indirect Sources 
Rivers and Urban Runoff 	 14,000,000 	 31.2 
Atmospheric fallout 	 4,500,000 	 9.8 

Natural Sources 	 4,500 9 000 	 98 
Seepage 

TIYTAL 	45 9 500,000 	 100.0 

85. 	The ecological impact of oil transportation often a.risee more 
from the development and maintenance of loading and unloading 
facilities on shore than from the transportation medium itself. 
Terminals are often constructed in or near ecologically sensitive 
coastal areas, such as estuaries. The %ntallation may alienate 
valuable nursery grounds for fisheries. Whether the terminals service 
a large petroleum refinery or a pipeline for conveyance of oil to 
distant places, the rink of an oil spill always exists in the transfer 
of oil from the tanker to the shore facility. E'ven in the absence of 
any acute, large-scale oil spills, there is often the long-term chronic 
effect of continuing anall spills and leaks.. Thus one miit conclude 
that the interface between different media such as land and water, 
where the mode of transport must be changed and the substance must be 
transferred to accommodate this change, is the most vulnerable to 
transportation impact. In this respect, increasing attention has been 
paid recently to the selection of sites for deep-water oil, ports. An 



environmental riek index for the siting of deep-water oil ports has 
been developed recently for the east coast of Canada (Canada, Dept. 
Fish. and Ekviron., 1976). A sifli].ai' activity is currently underway 
for site selection on Canada's west coast, where there is a need to 
have a terminal that would accept crude petroleum conveyed by tanker 
from Valdez, Alaska, and tranEnit it through a pipeline to areas of 
high demand in midwe stern and southern U. S. A. 

Ipacts of Oil on Marine Ehvironment; 

Petroleum is composed of a large number of components ranging 
from the gaseous methane to the solid paraffins. The large majority 
of these compounds are hydrocarbons which are immiscible with water 
and are chemically inactive compounds. Lower alkazies (paraffine) are 
rapidly lost by evaporation and are the most readily biodegradable 
group. Aranatice are the most soluble, can be photodegraded. and are 
the most toxic components of the oil. In general, smaller molecules 
in each fraction are more toxic and more volatile than the larger 
molecules, hence the low toxicity of weathered as compared to frei 
crude. The composition of crude oil depends on its origin. There are 
heavy crudes (high content of large hydrocarbon molecules), and light 
crudes (high content of Enall hydrocarbon molecules); they may contain 
much sulphur (Kuweit 2.4%) or be "sweet" (North Sea with about 0.3% 8). 
Refinery products, e.g. petrol, kerosene, diesel oil, residual oil, have 
more homogeneous compositions and some of them are far more toxic than 
the crude from which they were derived. 

Spilled petroleum, following release to the oceans, spreads over 
surface waters. The extent of spreading depends upon the nature of the 
material and the prevailing wind and current qystems. At this time, 
physical, chemical and biological processes begin which alter the 
ccmpoaition of the oil which, because of its immiscibility with water, 
in initially present as a separate phase. Although the rates and degrees 
at which changes take place in the environment are not 1aown in detail, 
the general directions can be predicted with some degree of certainty 
(Goldberg, 1976). The greater the rate and extent of spreading, the 
greater the rate of evaporation which will eliminate about 50% of the 
hydrocarbons. The low molecular weight hydrocarbons will dissolve in 
the water column; the rate of solution depends on wind, sea agitation 
and water temperature. flnulsions (chocolate mousse) form as semi-solid 
lumps containing up to 80% water. Biological, chemical and photo-oxidation 
processes tend to iicrease the aolubility of some compounds. 



- 29 - 

There is a wide variety of marine ecosystems which could be 
affected by marine transportation of oil. Some ecosystems are more 
aenaitive than others to the environmental changes that arise from 
marine transportation activities and facilities development. Clearly, 
the many physical processes in the sea leading to dilution and 
dispersion of pollutants, along with renewal of water, vary from place 
to place, depending on such factors as geographical configuration, 
exposure to oceanic currents, winds, tides and runoff. Perhaps the 
most critical consideration in terms of ecological impact of marine 
transportation is the affect on biological productivity. In this 
respect, coastal ecosystems are by far the most vulnerable, because they 
are generally the most productive and because the impact of an oil 
spill, for example, can be most severe at the water/land interface. 

The latitudinal effect must be recognized when dealing with 
pollution or environmental problems of marine transportation. The 
higher metabolic rates associated with the higher temperatures of 
tropical and sub-tropical regions means that the restorative capability 
of ecosystems in such areas is higher than that of cold-climate 
ecosystems. By the same reasoning, arctic ecosystems heal slowly when 
injury is inflicted on them by pollution or other man-made activities. 
Oil spills and their adverse effects in the arctic can endure for a long 
time, particularly if the oil seeps under the ice or miles with ice 
and snow. Bacterial degradation of oil slows dawn considerably at these 
low temperatures 

Coastal zones are generally more sensitive to oil pollution than 
the open ocean. The major world fisheries are located in the coastal 
zone; 90% of the world fisheries are produced in waters of the 
continental shelf which constitute only 10% of the ocean area (Waldichuk, 
1977). It is here that not only the major grou.ndfish stocks are located, 
but stocks of certain pelagic species are fished and crustacean and 
rnolluscaii shellfish are harvested. The coastal waters are spawning and 
nursery areas for most species of demersal fish, such as cod and halibut, 
and for such pelagic species as herring. In some coastal waters, herring 
may deposit their spawn on intertidal vegetation and other substrate, 
rendering such areas extremely vulnerable to oil pollution. Anaclromous 
species, which comprise an important component of commercial fisheries 
in some parts of the world, must pass through the coastal zone in their 
migration to riverrine spawning grounds as adults and out to the high 
seas as juveniles. 

Invertebrate species and some pelagic fishes, which use the inter- 
tidal zone for spawning and rearing of larvae and juveniles would be 
particularly affected by an oil spill impinging on the shoreline. If 
intertidal animals are not suffocated by a layer of oil covering the 
inshore substrate, it can be almost certain that their flavour will be 
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impaired and acceptability on the market downgraded. It is usually the 
practice of regulatory agencies to close fisheries in areas thus affected, 
until it can be assured that the quality of fisheries products is 
acceptable for human consumption. Shorelines adjacent to oil 
transportation routes are always threatened by oil spills, because they 
are often at the mercy of onshore winds and tidal currents that can 
quickly bring an oil slick onshore. 

Perhaps the most vulnerable of coastal ecosystems is the estuary. 
All kinds of physico-themia1 and geochemical reactions take place there 
when freshwater mixes with sea water. The net result of such interaction is 
a unique type of ecological system. The estuary is often considered to 
be the most productive of coastal habitats. Estuaries provide nursery 
grounds for juvenile oalmonids prior to these young fish continuing their 
journey out to sea. Certain micro-invertebrates serve as food for these 
juvenile fish, and any adverse effect on the food chain involving these 
organina can have an impact ultimately on the commercial and 
recreational fisheries. 

Although the normal surface flow in an estuary is seaward, because 
of freshwater input from the river, other physical characteristics of an 
estuary tend to pre sent a situation where a pollutant like an oil slick 
can pose a threat • Tides and winds can combine with the geographical 
configuration of the coastline, for example, to move an oil elick into 
an estuary. There is little question that a large oil spill in an 
estuary can lead to acute ecological effects with poible long-term 
consequences. The chronic effects of small spillagea and leaks of oil 
from a loading/unloading faóility into an estuary would have little 
dramatic effect like a large-scale spill s  but could lead to rather 
insidious long-term degradation of the estuarine ecosystem. 

The character of the coastal land, where terminals are located, 
has a bearing on the environmental impact of a marine transportation 
system. The alteration of an estua.ry, in construction of a port,i.n 
general, and its back-up facilities, may have a profound effect on the 
ecolor and use of the estuary by fish and other aquatic organiais. 
Dredging and filling can destroy benthic habitats for fishes and 
invertebrates and marshes for avian wildlife. Diversion of water flow 
in either a river as it enters the sea, or in coastal tidal currento, 
can modify various physical and chemical characteristics of the waters 
in the estuary and in the nearahore marine regime. 

The marine environmental effects of oil pollution are regularly 
reviewed in various bra (Hoult, 1969;  Cowell, 1971; WAS, 1973, 1975; 
Peters, 1974, Wolfe, 1977; GESA1IP, 1977; API, 1977; BI0, 1977). Mary 
collective and individual studies and reviews have been reported 
(oES1P, 1977; Vernberg, et al., 1977; Wolfe 1  1977; Maims, 1977; 
Cowell, 1976)  on the subject. A number of factors must be taken into 
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consideration when assessing the impact of an oil spill. Oil is far from 
being a unique chemical compound with specific physical and chemical 
characteristics. Because of the inherent properties of oil which cause 
it to float on the sea surface, oil tends to become deposited in the 
intertidal zone once an oil spill reaches the shoreline. This has many 
undesirable consequences, one of which is that the aesthetic and 
recreational value of a beach is at least temporarily impaired. This 
effect can be counteracted by the application of suitable surface 
treatment agents for the protection of shorelines from oil spills. Also 1  
sinking agents have been used in some oil spill cleanups to deposit the 
oil on the sea bottom before it reaches shore. In locations, where 
ecologically sensitive areas are threatened, emulsifying agents are used 
to disperse the oil in the water. 

Oil that coats shorelines may persist for a long time, depending 
on the characteristics of the hydrocarbons. Crude oil and bunker C form 
tarry-like residues that may remain imbedd.ed in beach saiads or encrusted 
on rocks for months or even years. Weathering canbined with the scouring 
action of waves eventually removes these residues. The lighter refined 
oils will usually evaporate without leaving the same type of persistent 
black residues. Depending on whether a beach is intensively washed by 
wave action or not, one beach may be more rapidly cleansed than another 
of hydrocarbon materials. Tarry residues may persist for a considerable 
time if oil is deposited out of the reach of waves until bacterial 
decomposition and other weathering processes break them up. 1rballs are 
found along shipping lanes in many parts of the world oceans. 

The lethal effects of oil (refined oil is more toxic than crude 
oil) depend on its concentration and on the length of time an organian 
was exposed to it. Experiments with oysters diowed that whereas they 
did accumulate more hydrocarbons in their tieaues with time of exposure 
to oil the oysters, once they were placed in clean flowing seawater, 
they purged themselves rapidly of the accumulated hydrocarbons. After 
about 2 weeks in clean water, only negligible hydrocarbon levels were 
found in the oyster tissues, and there was no evidence of pathological 
damae to the oyster as a consequence to the oil (Mertens and Alired, 
19771. Experiments With shrimp, clams and some other marine organimns 
produced similar results. Planktonic eggs and larvae may be particularly 
exposed and sensitive to oil pollution especially to light refined oils. 
E:erosene-based d.ispersants with high aromatic content are especially 
dangerous in this respect and this type of clispersant has, therefore, 
been banned in many countries, 

96. 	Subtidal and intertidal benthic organians have suffered particularly 
heavy losses from dishcarges of light and heavy oils and their subsequent 
treatment. The long-term ecological effects of oils and dispersants on 
these communities are the most extensively studied and documented. 
Complete recovery may ta]ce several years and, therefore, the effects of 
repeated oilings are particularly important. In the intertidal zone, 
mortality of grazing invertebrates such as sea urchins may result in an 
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explosiion of the popilation of attached green algae, which, in turn, 
affects other par-te of the ecosystem. This type of secondary effect, 
is an aspect that has to be considered when damage clue to oil is evaluated. 
A special case is offered, by coral island ecosystems. If the corals 
are killed, the natural protection of the island from erosion will be 
lost. Further, because of isolation, most of the organins in the coral 
island ecosystem will not he replaced. This would considerably prolong 
the duration of the effects even if the oil itself disappears or is 
removed. 

The introduction of }ydrocarbons to a population of marine 
bacteria selects those capaile of utilizing this food source at the 
expense, at least thitially, of the rest of the population. Evidence 
that low concentrations of crude oil and oil components inhibi -t 
bacterial chemotaxis has been questioned. It is noted that the number 
of micro-organins able to use oil hydrocarbons as a source of carbon 
and ener' increases from clean to oil polluted marine areas. This can 
be observed in inshore waters as well as in the open oceans. 

Susceptibility of micro-algae appears to vary enormously. In 
addition, effects of an exposure may take a long time to become apparent 
and may even be the result of a comparatively short exposure. 
Laboratory studies have indicated that very low concentrations of oil may 
stimulate primary production by phytoplankton, but that hier 
concerTitrations lead to reduction of carbon fixation, and finally to 
mortality. Other studies indicated that macro-algae, if coated with oil, 
may be mechanically stripped from their mibs -trate (Waldichu, 1977). 
Some lower forms are resistant to oil pollution and thrive in polluted 
environments. Low concentrations of oil have been shown to depress the 
g:rowtb of red-algae sporelings. Fcperiments appear to show that higher 
levels of oil inhibit biosynthesis of nucleic acids and their 
polymerization of macro-algae. Oil penetrates the higher forms of plant 
life, blocking intercellular spaces, increasing respiration and 
decreasing transpiration rates and affecting flowering and reproduction. 
It should, however, be borne in mind that these findinge are the resuli 
of laboratory tests which may differ significantly from the actual 
behaviour of plants and animals in their natural environment. 

Some littoral or salt marsh plants may tolerate repeated light 
oilings but heavy fouling oftern leads to mortality. These effects may 
take several years to appear. tortality of some zooplankton species, 
including pelagic fish larvae, occurs from oil slicks at sea, with unknown 
ecological sigaificance. 



102. The canbinati.on of the variety of sublethal responses of marine 
orga11is to crude and refined oils and their ecological implications 
are not fully understood. Effects of oil should be studied at the 
ecosystem level, rather than by single species bioassay. Attention 
should be paid to chronic and eublethal effects using, for example, 
histopathological techniques. Genetic alterations and other effects 
on single species should not be ignored. 

103. Birds are particularly vulnerable to oil spills, whether they 
occur at sea or close to shore. Beavy mortality due to oil pollution 
of species with low annual breeding rates, such as auks, may have 
serious consequences. Populations of birds from discrete breeding 
colonies may be similarly seriously reduced or destroyed. When their 
inner feathers are coated with oil, insulation is lost, and a bird may 
die of exposure in any season. A total bird population is small compared 
to aquatic populations and runs a higher risk of extinction by whatever 
cause. 

	

104. 	When an oil spill occurs, several options exists to deal with it: 

a leave it, 
b contain and remove it, 
o disperse it, 
d burnit,or 
e a combination of these. 

	

105. 	Selection of the most suitable technique, or techniques, depends 
on the circumstances of each spill, involving consideration of the scale 
of the spill, its location, the prevailing and predicted weather, the 
proximity of sensitive areas and the availability of oil spill clearance 
equipment and manpower. The decision-making processes to clean-up each 
spill should include the ecological interests (fisheries, wildlife, etc.), 
the commercial interests (tourisn, etc.), the legal interests (plant and 
oil owner), the financial interests (insurance broker etc.) plus 
representatives from the State and authorities affected, together with 
technical assistance and advice of specialists trained in clean-up 
activities. It is important that the decision-making should be paid and 
flexible. 

106. The cleaning-up operations can be complicated by sea and meteorological 
conditions. For example, because of rough sea conditions, the crud oil 
spilled by Amoco Cadiz in 1978 (off Brittany coast, IIrazioe) was quickly 
emulsified with sea water as it leaked out of tanks. The resulting 
chocolate mousse, containing up to 800/6 water, became more and more viscous, 
resulting in pollution four times the initial volume of crude oil 
(Bocard et al., 7979). The costs of cleaning-up of oil spills varies from 
one place to another 1  but on the average it is estimated to $1000/barrel. 
(EPA, 1 978). 
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Pipeline Transrtation: 

Oil spills can also occur during the transportation of oil by 
pipelines. Records of such land spills show that the most important 
cause is damage to the pipelines. Pipelines which are not buried in 
the ground can cause disturbances to wildlife and to some extent to 
land use in certain areas. The Trans Alaska Pipeline, for example, 
was examined for its possible impact on the pennafrost, migrating 
wildlife, seinic exposure, etc. The route and design of the line was 
selected with a veiw towards minimising its overall impact on the 
environment. 

Pranportat ion of Natural Gas: 

Natural gas consists of the short-chain hydrocarbon compounds 
(e.g. methane, ethane, propane and butane) and is usually transported 
from the well head to treatment facilities and ultimately to the 
consumer by pipelines. Until recently these pipelines followed overland 
routes; the growing production of natural gas in offshore areas 
necessitated, however, the commissioning of submarine pipelines, e.g. 
in the North Sea. In liquid, state, natural gas (LNG) is transported by 
special tankers. 

log 	The natural as is liquefied cryogenically at a temperature of 
-162 C (Tanner, 1977). Before liquefaction, the gas must be dried 
heavier hydrocarbons fractions removed and pre-treatecl to remove such 
components as H25, 002 and oranio sulphur compounds that would solidifr 
during liquefaction. Traces of rercury are sometimes present in natural 
gas which have to be removed because they may cause corrosion. The 
main environmental effects of a natural gas liquifaction plant are: 
(1) discharge of heat to the atmosphere or to fresh or marine waters, 
depending on the type of cooling system used; (2) occasional emission or 
flaring of excess components of gas. 

110. The liquefied natural gas (LLNG) is transported by L.NG tankers. 
The capacity of these tankers has greatly increased in the last 15 years 
as a result of the increase in production and consumption of natural gas. 
(Table 16). 

Table 16 - Capacity of World LNC Tanker s* 

1960 	1970 1975 

Wuxnber of ships 
Fleet capacity (1,O0Cn3  

1 
5 

14 
1500 

36 
5000 

* After Rob (9). 
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Liquified natural gas consists mainly of methane and there is 
a possibility of an explosive evaporation if the 1210 comes in contact 
with water. There is also the tendency of stratification if two LNG's 
different in composition are mixed,for example, in storage tanks. In 
such cases, an increase of pressure inside the storage tank might occur 
and lead to an explosion if safety measures are not adequately taken. 

If liquefied natural gas is spilled, it boils rapidly. Although 
the vapour is not toxic, it may in high concentration cause asphyxiation 
by excluding oxygen. Moreover, the low temperature of the material may 
result in frostbite for anyone in the immediate vicinity of a spill. 
Both of these potential hazards are too localized to be of concern 
outside the boundaries of the liquefaction facility. The major ha7axd 
of liquefied natural gas is, however, fire and adequate safety measures 
are normally taken to prevent such accidents. 

Little is known about the biological effects of LNG when spilled 
in the sea. Methane, the principal constituent of natural gas, is 
relatively non-toxic to freshwater species. There is no reason to 
suspect that this gas would be more toxio to marine organi&is. Toxicity 
of natural gas would probably be associated with such sulphur-containing 
impurities as hydrogen sulphid.e and meroaptaxis. However, these would be 
normally removed from the gas prior to liquefaction. 

Ehvironmental Impacts of Oil Processing (Refinig 

114 	Refineries are large industrial installations with air and water 
emissions, large water requirements for processing and cooling - unless 
air cooling is used extensively - and safety problems due to the risk of 
explosions and fires. A 300,000 bbl/day refinery require about 520 hectare 
of land for direct use and an additional 520 hectare as exolueion area. 
The latter is the area that surrounds the plant site where no resident 
population is allowed for safety-related reasons (0CD, 1978). 

115. The principal types of refinery airborne emissions and their 
potential sources are given in Thble 17. 
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Table 17 - Potential Sources of I)issions from Oil Refining' 

Type of Emission Potential Sources 

Sulphur oxiies Boilers, catalyst regenerators, decoking 
operations, flares, heaters, inciderators, 
treaters, acid sludge disposal. 

Particulate matter Boilers, catalyst regenerators, coking 
operations, beaters, incinerators. 

Hydrocarbons Air blowing, barometric condensers, 
blowdown systems, boilerB, catalyst 
regenerators, compressors, cooling towers, 
d.ecold.ng  operations, flares, heaters, 
incinerators, loading facilities, 
processing vessels, pumps, sampling 
operations, tanks, turnaround operations, 
vacuum jets, waste-effluent-handling 
equipment. 

Nitrogen oxides Boiler catalyst regeneratorB compressor 
engines, flares. 

* fer: Mallat (1977). 

116. 9nall amounts of carbon monoxide are also emitted, the sources of 
which include: catalyst regenerators, coking operations, gas generators, 
flares boilers, and process beaters. Of these sources, catalyst 
regenerators from catalytic cracking units and fluid bed cokers generate 
continuously significant amounts of carbon monoxide. Beoause catalytic 
cracking units could be significant point sources of carbon monoxide, 

iBBion standards in many countries require catalytic cracking unit B, 
to reduce CO emission, usually by secondary combustion. Table 18 gives 
an estimte of airborne and liquid effluents from an oil refinery processing 
2.5 x 10 crude oil (equivalent to 1000 MW(e)y). 
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Table 16 - isei.ons from 01 Refinery (tonne) (per 1000 MW(e)y)* 

*.irborne Effluents 
21,000 

Ogani c 6ompounds 23,000 
NO1  18,000 
CO 4,300 
Ammonia 2 1 230 

Liquid Effluents (1.4x108  tonne waute water) 
containing: 
Chlorides 24,000 
Grease 600 
Ammonia nitrogen 600 
Phosphate 3 

zupended solids 2 1 000 
Dissolved solids 100,000 
trace metals (Cr, Pb, Zn,Cu) 22 

* Calculated after Wilson and Jones (1974)  and Korte (1977). 

Refineries require large amounts of water, mainly for heat 
removal and in various process operations. Each process operation 
has different water usages associated with it, and the characteristics 
of the wastewaters produced differ considerably. In addition to 
cooling water and process wastewaters, ballast water, storm water 
runoff, and sanitary wastes also contribute to the total waste load 
that refineries must treat before discharge. 

The most significant pollutants present in these various 
wautewaters are oil and grease, phenols, ammonia s  suspended and 
dissolved solids, suiphidea, and chranixn. In addition, some wastewaters 
are highly alkaline while others are acidic. As a result of widely 
differing water usages and processes in refineries, the quantity and 
quality of wastewatera varies considerably from refinery to refinery. 
These wastes, however, are readily treatable with a combination of in-
plant controls and treatment techniques and end-of-pipe treatment. The 
last consists mainly of primary separation of oil and colido and 
neutralization, followed by biological treatment using activated sludge 
ystems, aerated lagoons, or oxidation ponds. The pollutants named 

above are largely removed; the effluents discharged from most refineries 
contain them in only low concentrations (Mertens and Allred, 1977). 
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While growing amounts of information on the biological effect a 
of oil spills on the aquatic environment are becoming available, little 
has been written on the biological effects of refinery effluents. The 
toxioity of individual contaminants pre Bent in these effluents, 
however, is fairly well documented.. The effects, if any, of the 
contaminants present in refinery effluents on the aquatic environment 
can be determined, by bioassay techniques. Unfortunately, current bioacse.y 
procedures used to monitor the effects of refinery effluents on water 
quality and aquatic life are cumbersome and expensive in terms of the 
required time, faoilitie, technicians, and test organiBna. Consequently, 
only a fraction of all refinery effluents can be monitored for toxicity 
(Mertens and Alired, 1977). 

Odour can be a potential nuisance in and around a refinery. 
The principal malodorous compounds existing in crude oil or formed 
during its processing into products are hydrogen suiphide and mercaptans. 
Should any of these escape from a refinery there is a risk of anell 
in the neighbourhood. Ethyl m'captan has a perceptible small when 
present in a concentration of only one part per thousand million; thus 
even a very mnall loss can create an unpleasant smell downwind under 
certain meteorological conditions. 

Accidental spills at refineries can occur from stored crude oil 
or refined products. In 1974,  a huge oil tank in the Mizushima 
refinery on Seto Inland Sea, Japan, developed an 8 m rupture and lost 
about 50,000 barrels of oil to the sea. The spill affected the area 
considerably and extensive cleaning efforts were undertaken to restore 
the area. The total cost of the damage have been estimated at $160 
million (Nicol, 1976; Hiyama, 1979). 

Eivironmental Impacts of Oil and Natural Gas Utilization 

Use of Oil Products: 

A variety of oil products is used as energy- sources; gasoline, 
gasoil, kerosene and residual oil are the most common. Hobile sources 
contribute currently more to the total emission of carbon monoxide and 
hydrocarbons than stationary sources (Thble 19). It is estimated that 
in the U.S.A. the motor vehicle con±riutes almost 65% to all 
anthropogenic carbon monoxide and about 46 to all anthropogenic 
hydrocarbons emitted to the atmosphere. Vehicle exhaust emissions are, 
therefore, of major public concern. The complete combustion of 
gasoline under ideal conditions should result in exhaust gases composed 
of water vapour and carbon dio:ide. However under actual driving 
conditions the exhaust gases also contain wiburnt hydrocarbons and 
carbon ronoxide. The amount of these latter substances may vary 
considerai.ly not on1j in accordance with the driving conditions, but also 
among different cars and different ewine desigis. 
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Table 19 - Enission Soarces in Urban Areas* 

Pollutant per cent of total 

HC CO N0  

Automobiles 50-60 77-87 40-50 
Prucks,buses ... etc. 5-10 8-10 8-13 
Stationary sources 25-45 3-15 37-52 

* After EPA (1974). 

The fate and effec-t of lead additives of motor gasoline have 
been extensively discussed in recent years. Other additives used in 
motor gasoline are ethylene dibromide (or chloride) to reduce 
combustion chamber deposits and traces of other s.bs±ances, e.g. boron 
compounds, to improve carburettor cleanliness, as dye or for similar 
purposes. 

Regulations are now in force in some countries, to eliminate or 
reduce IhE se of antiknock, a4itives and to reduce the enission of 
iaiburnt hydrocarbons, carbon monoxide and in some cases also oxides of 
nitrogen. It is assumed that by 1985 the emission of carlon monoxide 
and hydrocarbons will '- , Q reduced by about 75 per cent of the 1972 level. 
However, the reduction of the total emission into the atmosphere may be 
less since it is expected that from 1572 to 1985 the world car population 
will increase from 208 million units to 373 million units, i.e. almost 
double (umP I1otor Vehicle Seminar, 1977).  This would result in a 
reduction of only 	of the total emission of these pollutants. 

Spills of refined products might occur during transportation of 
the products from storage facilities to gas stations, etc. or during 
loadin,'unloading operations. However, safety precautions should 
present such spills and consequently health hazards and poeible fires. 

The use of residual oil in power stations gives rise to a number 
of effluents. These are summarized in Table 20. The environmental 
impacts of these effluents are discussed in Chapter V. 
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Talle 20 - ffluente from 0il—'ired Power Stations 
(tonne/I000 MW(e)y)* 

Airborne ffluent 
sox  37,000 
N0 24,800 
Co 710 
iyrorarons 470 
Aldehydes 240 
Particulates 1 1 200 

LiquiLl ffluents 
Suspended solids 	 497 
R2S0 	 83 
Chloziei 	 2( 
Phosphates 	 42 
Boron 	 331 
Cliromaics 	 2 
0ranic compounds 	 66 

Solid waste 
(collected fly ash) 	 9 1 190 

* Calclated after t-iilson and Jones (1974). The power plant uses 
2 X1CU tonne residual fuel (i S, 0.5 ash); thermal e:Ificiency 38%; 
Fly ash recovery 99. 

Use of Natural Gas: 

127. 1atural gas can be used for domestic, industrial or power production 
purposes. Table 21 gires an estimate of effluents from a power plant 
operated with natural gas. 

Table 21 - Effluents from a Natural Gas—fired Power Plant 
(tonne/1000 MW(e)y)* 

&irbome Effluent s 
sox  Nox  

20.4 
2x104  

Hydrocarbons 34 
Other Organic Compounds 236 
Particulates 510 

Liquid Effluents 
Suspended solids 	 497 
Organics 	 66 
B2SO4 	 83 
Chlorides 	 26 
Phosphates 	 42 
Boron 	 331 
Chrornates 	 2 

* Calculated after Wilson and Jones (1974).  The power plant ses 
2.2x109  m3  of natural gas with enerr value of 35,000 Btuj'm, 
thermal efficiency 38. 



CHAPTER IV 

OIL SHALE AND TAR SA.S 

Oil Shale 

Oil shale is a sedimentary rock containing hydrocarbons that can 
yield oil when retorted. The develo*nent of a conineroial shale oil 
industry depends on the grade of the shale, the technology to produce 
the fuel, the ability to overcome institutional and environmental 
problems, and economic incentives that nke investment worthwhile. 
Generally speaking, high grade oil shale contains more than 100 litres 
of oil per tonne of shale. 

The recovery of oil from shale is accomplished by retorting, for 
which two generic methods have been d.eveloed: (a) on the surface in a 
retort vessel and (1,) underground (in situ). Both surface and in situ 
retorting will produce a heavy oil that will be upgraded and converted into 
a transportable refinery feed.stock. The ultimate products of refining can 
range from a low—grade boiler fuel to gasoline. 

In the case of surface retorting of oil shale, mining is undertakeu 
by underground or surface methods according to the geological occurrence 
of the shale. The anoimt of mined shale depends on the byclrooarbon content. 
On the average, about 50 million tonne of shale would be required annual],y 
for a plant producing 100,000 barrels of oil per day (Dickson et al., 1916). 
The mined shale is crushed to retortable size, heated in a retort to 
extract the oil and then disposed of the spent shale, 

131 • In situ retorting involves underground retorting with partial mining. 
To retort oil shale, the formation is fractured and ignited. The shale is 
heated to 4000C or higher to bring about pya'olysis of the kerogen (the 
organic portion of the oil shale) and production of shale oil and gas. 
Combustion is sustained by pumping compressed air, and the produced gases 
and liquids are forced or pumped horizontally through the fracture system 
to production wells which surround the site. 

132. The develorznent of a major shale oil industry will have a number of 
environmental impacts on the land., air, water, and natural resources of 
he region. The environmental disruption associated with oil shale 

mining is typical of that of any large surface or underground mining 
operation, except that size of the operation will mn that the coale of the 
disruption will be much greater. 
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In the case of surface retorting, the d.iaposal of spent sha].e will 
create land disturbances of large magni -tude, accumulation of toxic sub-. 
stances in vegetation, and contaaiinat ion of ground and surface watsr from 
runoffso even under the beat reclamation strategies, the naturally 
occurring ecosystems of the canyons in which the spent shale may be 
deposited will be completely covered and destroyed. The goal of reo1 amatian 
is to eatablish a new ecosystem on the spent shale pilee, which can be 
self-sustaining long after human involvement has ended. This goal involves 
stabilization of the pile against erosion and sliding, establishment of a 
suitable plant cover, and ultimately the generation of a plant succession 
yiem similar to other systems in the area. Some of the spent shale can be 

returned to the mine. This is most readily accomplished if surface mining 
is employed, since it can be done in conjunction with the return of overburden to 
the mined-out areas. A part of the spent ebale can also be returned to the 
mine if underground mining is employed. In either oaa., disposal problems 
will remain since the volume of ahale expands under retorting (io to 30 per cent, 
depending on the retorting process used) and not all the spent shale can be 
returned to the mine. Furthermore, temporary disposal sites will still be 
required •ince several years of mine d.veloiet are needed before baokf ill 
operations can begin. In general, the prospects for achieving a long-term 
stable eoosystem on massive spent shale piles have not been fully assessed 
and it remains one of the major problems of oil shale developnent. 

The oil shale industry will exert a potential impact on local water 
resources due to the demand for clean process water, the need f or removal 
of prooes effluent discharges and mine dewatering, Mining operations, 
especially imdargrowid mining in arid and semi-arid regions, will cause 
long term hydrological disturbances in the region. The mining of shale 
horizons that separate fresh water aquifers from saline aquifers in the 
Mahogany Zone, U.S.A., for example, will lead to contamination of the fresh 
water with saline water; the fresh water aquifer recharges the stresma of 
the region (Ratiien and Eaton, 1976). The demand for water by the oil shale 
industry bas not been accurately assessed. Eetimetss range from 100 to 200 
million &/year for a one million bbl/day operation. This large amount of 
water will have to be obtained in some oases by diversion of water courses 
locally available, which will oauae environmental disruptions in the region. 

During the retorting and upgrading of oil shale, weste water is 
genera-ted. Such water contains phenols, hydrogen sulphide, ammonia and 
trace chemicals, and should be treated and re-cycled. A potential source 
of water pollution is leaching or runoff from the spent shale disposal 
Pilo into local aquifers. Bc.pt in catastrophic failure of the pile or 
flash flooding, catobment dams will probably be siffioient to retain any 
runoff water. The potential for water contamination due to leaching 
depends on several faciore, such as the degree of oompe.otion of the 
spent shale, and has yet to be fully assessed. 
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136. A number of air pollutants are encountered in oil shale processing. 
ble 22 simnarizes the emissions produced from surface retorting and 

from in situ extraction of oil. 

Table 22. Air pollutants from oil shale processing 
operations; 50,000 bbl of oil/day. 
(After Rattien and Eton, 1 976) 

Quantity (tonne/y) 

Surface Retorting In situ Extraction 

Particulatea 320-3245 1576 
Sulphur oxides 955-5835 8406 
Nitrogen oxides 609-6412 2256 
Carbon monoxide 2 91-3634 72 
Jrdrocarbons 1386-4041  971 

* The range covers different technologies for atu'face retorting. 

The question of the fate of toxic trace elnents in oil shale con-
version processes has received considerable attention due to the potential 
for highly toxic metals such as mercury, lead, beryllium, arsenic, cadmium, 
selenium and fluorine, to enter air, water, or soil and ultimately to 
create health hazards. However, the fate of these elements during oil 
shale retorting has not yet been clearly defined. 

Tar Sands 

The tenn "tar sands" has been defined as sand having a "highly 
viscous crude hydrocarbon material not recoverable in its natural state 
through a well by ordinary production methods". Tar sands are more 
appropriately referred to as bituminous sands or oil sands as "tar" 
is defined as a substance resulting from the destructive distillation 
of organic matter. Major tar sand, deposits occur in Albania, Canada, 
Malagasy Republic, Romania, Trinidad, U.S.A., U.S.S.R. and Venezuela, 
(Phizackerley and Scott, 1967).  estimates of world reserves of tar 
sand bitumen vary widely from conservative estimates of 915.2 billion 
barrels to the high estimate of 2,100 billion barrels of oil in place 
(Demaison, 1976). 
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1 39. Table 23 gives some of the reserve estimates of tar sands. Nosi 
deposits in countriea other than those listed in this table are poorly 
recorded and are considered to have in-place bitumen amounting to less 
than 1 million barrels. 

Table 23. Estimates reserves of major tar sands deposits 
of the world 

Couitry Reserve Estimate (Million Barrels oil) 

Venezuela 200,000 a - 11050,000 Jb J 
Canada 710,800 a - 	 895, 000 	 c 
U.S.S.R. 144,000 b 
U.S.A. 27,000 b 

lal  

- 	 30,000 (ci) 
f.lagasy Republic 1 9 750 a 
Albania 317 a 
Trinidad 60 a 
Romania 25 

a Phizackerley and Scott ( 1 967). 
b Demaison (1976). 
c Demaison, Thid., Govier (1973), Walters (1974), 

Phizackerley and Scott, Thid., Jardine (1974). 
(ci) Frazier (1976). 

The enormous deposits of the Orinoco Heavy oil belt (Venezuela) and the 
Alberta Tar Sands (Canada) account for over 90% of the world reserves of 
tar sand bitumen. Deposits in the U.S.S.R. and the U.S.A. account for 
nearly 8% of world reserves. 

140. The first commercial scale tar sand plant, went into operation in 
1967 in Alberta, Canada, and has produced an annual average of 45,000 bbl/day 
since then. The second Canadian plant, began production of aynthetio crude 
in 1 978- By  1 985, production is expected to reach 125,000 bbl/da.y. In 1 972, 
the U.S.S.R. started operating a coninercial "thermal mining" plant to produce 
high v-iscosity crude from the Ya.rega oil field, about 1,400  Ian northwest of 
!1occow. These operations are the only "coanercial" size tar sand plants 
currently in operation. Small scale local exploitation of tar sand has been 
common in many localities throughout the world for many, years, mainly for 
asphalt recovery or other non-fuel uses. At present, there are numerous 
pilot-scale operations being developed around the world to test and develop 
tar-sand production technolor or to enhance heavy oil recovery. 
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Tar sand deposits can be mined, either from surface or deeper deposits 

depending on the geological setting of the sand—bearing formations. Surface 
mining technologies are generally similar to those used for coal. The tar 
sand is mined and transported to a processing plant where the bitumen is 
extracted and the sand discharged. The extraction system is based on the 
hot water extraction process, cold water separation or anhydrous solvent 
separation process. Peeper deposits are generally uneconomic to mine by 
underground technologies, and the separation of bitumen from such deposits 
may be accomplished, by in—situ extraction processes. These involve the 
application of heat, solvents, emulsification, bacterial action or thermal 
cracking. Two advantages of in—situ over surface mining methods are that 
the former would eliminate the need for handling and processing vast 
tQnma.ges of bitumen—bearing materials and for disposing of the resultant 
spent sand tailings. One disadvantage, from a resource utilization point 
of view, is that recovery efficiency will probably be no greater than about 
50 per cent compared to about 90 per cent bitumen extraction from mined tar 
sand. 

The environmental effects of large—scale tar sands develomient oould 
be widespread and severe, if insufficient planning said financing accompanies 
such develonent. Although many aspects of oil sand excavation are 
comparable to coal mining, the basic differences are the spent tailings 
sands and sludge material. Table 24 presents types of terrestrial environ-
mental disturbance that could result from a surface tar mining operation. 
Of the types indicated, those that actually occur, as well as their 
duration and severity, will depend on details of mining and material 
handling methods employed; size of the operation; all elements of the pre-
mining environment; and the degree to which environmental protection 
measures are employed during planning, mining, and surface restoration 
phases of the operation. Generally, factors determining the degree to which 
the area of a tar sand mine can be restored to a pre-.minec3, status should not 
differ from those of a surface coal mine in the same area with one 
significant exception; namely, reclamation and revegetat ion of tailings 
sand. The most abundant solid waste material produced by extraction is the 
mineral matter sent as tailins to the settling pond. For a tar sand 
facility producing 10,000 bb]./day of synthetic crude oil product, about 
23,211 tonne/day of this mineral matter will be rejected in this menner. 
Depending upon the requirements of an operation e.g., government regulations, 
extraction process, and method of transportation of tailings sand, methods 
of disposing of tailings saaid include: (1) Temporary disposal in pond 
areas until the sand can be disposed of permanently in mined out areas without 
interfering with mining operations; (2) Permanent disposal behind dams near a 
mine or processing plant, flevegetation of tailings sand has been the subject 
of considerable research, The total direct land disturbance of a major tar 
sand mining operation can be very significant. It has been estimated 
that more than 200 km2  will be dieturbed Over a period of 25 years to supply 
a plant producing 120,000 bbl of oil per day (scs, 1978). 
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In-situ production of tar sands offers much lees potential for 
surface impacts than surface mining. Some vegetation would nornally need 
to be cleared and the gound graded to accommodate equipment installations, 
but only relatively small areas would be affected. Surface operations can 
be conducted so as to avoid or minimize interference with concurrent land 
usages such as livestock grazing, or agricultural activities. Produced 
sand and drill cuttings would constitute the major solid wastes assoc3.ated 
with in-situ production. The produced sand should sand should not be 
significant if gravel packing or other sand filtration methods are applied in the 
well bore. The sand that would be produced could be separated from the bitumen 
and probably discharged into a pit that would later be back-filled. The 
cuttings produced from the drilling operation could also be disposed off by 
procedures commonly employed in the oil production industry - burying in a 
pit and back-filling at the completion of the drilling operations. Disposal 
of drilling muds should pose little to no potential for environmental 
impacts because these rrruds are customarily collected and reused. 

The mining operation of a tar sand plant produces water problems 
closely similar to those of a conventional coal mining operation. Grouzul 
water present in the tar sand must usually be rnoved by wells and 
discharged prior to mining operations and this water may be saline 
and/or toxic. Surface mining operations that disturb existing, or expose, 
new surfaces, increase availability of soluble and suspendab].e constituents 
for aqueous transport. Duration and severity of impacts on water quality 
resulting from these operations depend on terrain, climate, details of 
mining method and environmental protection practices, geochemistry of 
overburden, methods of transporting ore and/or tailings sand, surface 
drainage patterns, and the hydrogeoloy. 

145 o  Excluding possible effects of chemical differences between tar 
sands and coal, the types of impacts on water quality of a surface tar 
sand mine would be essentially similar to those of a surface coal mine in 
the same area. The organic phases of tar sand bitumen are more similar 
to petroleum than to coal. Hence, exposed tar sand surfaces and unrecovered 
bitumen in spent processed sand, if exposed to the physical action of runoff, 
will be a potential non-point source of organic loading (primarily alknne - 
or paraffin-type hydrocarbons of heavy molecules with lesser amounts of 
aromatics) that is not associated with a surface coal mine operation. 

146. Sulphur in tar sand bitumen is present as organic compounds which 
are oil solubla and are not generally leachable. Also, trace metals in 
the bitumen are present as oil soluble organic compounds, e.g* porphyrins 
and salts of organic acids. Although a majority of these compounds are 
insoluble in water, some could hydrolyze and the metallic ions beoome 
soluble in water. If the hot water process is used, some components of 
the bitumen, including metal compounds, aliphatic and aromatic organic 



acids, would be expected to react with the extraction water and dissolve 
(hydrolyze). The effect of this is to make the tailings pond water toxic 
to aqt.tic life, and hence unsuitable for discharge into natural water 
bodies. Further, some bitumen remains in the tailings and a thin slick 
of bitumen and lighter hydrocarbons form on the surface of the tailings 
pond. This zlick can pose a hazard to water-associated birds that alight 
on the pond through bitumen-fouling of feathers. The curreni].y accepted 
solution to the problem of tailings water contamination is to d.esign 
"zero-discharge" plants, with the tailings water being impounded and 
recycled through the extraction plant to the maximum extent possible. 
Loss of water from a tailings pond on a "zerodischarge" plant can come 
from evaporation, from inclusion in deposited sludge on the bottom of the 
pond, and from seepage through dykes or into natural ground water below 
the pond. 

Air emissions from mining and extraction operations of tar sands 
are quite similar to those from surface mining of coal except that as tar 
sands are exposed, volatiles in the bitumen are an additional emission 
source. 14a.teria].e handling operations can produce dust, particularly if 
overburden or rehandled waste is dry and unconsolidated. Eaul roads are 
a source of dust when transporting ore and spent sand. Water or hydro-
scopic materials can be used to reduce dust generated from this source. A 
problem that has been identified in the Athabasca area is the production 
of "ice fogs" from the large tailings ponds. These ' 1 ice fogs" are generated 
in very cold environments (-30 0C and below) when exposed water surfaces are 
available, or when water vapour is otherwise released. The problem of ice 
fogs is not unique to tar Bands operations, but accompanies many very cold 
climate operations. 

Gaseous by-products would constitute the major atmospheric discharge 
associated with in-situ combustion. The volumes of gases produced with the 
bitumen could vary considerably depending on the deposit conditions, the 
type of production mechanism, and the characteristics of the bitumen in 
place. The produced gas would usually contain varying omounts of sulphur 
compounds (SOt,  H2S, ..* etc.) nitrogen, carbon dioxide, carbon monoxide, 
oxygen and hydrocarbons. A review of 24 different wet and dry in-situ 
combustion recovery projects on heavy oil reservoirs showed the following 
average range of concentrations of the produced. gases (Farouq, 1 972): 

Oxygen 
Carbon dioxide 
Carbon monoxide 
1jdrogen suiphide 
Iiethane 
Nitrogen 

2 5-3.5 
10.-I 7' 

0-2 
0-2 
the balance 



The gaseous produced in conjunction with in.-aitu tar sand 
production will probably be very lean and lack sufficient heating value 
to justify collection and processi.ng for urketing. They might be either 
vented from the water knockout and separation tan to the aosphere, or 
combusted fu.rther to completely oxidize the oarbon monoxide, bydrogen 
suiphide, and methane. Other air emissions associated with in-situ 
recovery projects are the exhaust discharges from diesel or gasoline-
powered eçñinent and duet generated from vehicles travelling the aocess 
roads. 

Upgrading operations at a tar sand plant are the prinary source of 
atmospheric emission with potentially detxlmental effects on the 
environment. The emission that has provoked the most active debate in 
Canada is sulphur dioxide, but particulate materials, water vapour, 
bydrocarbone, vanadium and nickel and other substances potentially 
snitted from a bitumen upgrading plant are also of oonceni. 



CHAPTER V 

VIRONMENTAL IMPACTS OF POLLUTANTS 
FROM FOSSIL FWL COMBUSTION 

1 • Sulphur Oxides 

Sulphur is a relatively abundant element which plays an essential 
part in the environmental cycle. On land., it is found in rocks as su].phide 
and sulphate and in the Oceans it is present predominantly as dissolved 
sulphate. In the atmosphere 1  however, the principal sulphur compounds are 
hydrogen sulphide, sulphur dioxide and sulphate aerosols and mists. 

Sulphur compounds are not accumulating in the atmosphere. A cycle 
operates whereby sulphur is continuously transported between the different 
phases; and there is a balance between the release of sulphur into the 
atmosphere and its return to the Farth's surface, although over the last 
100 years or so, the increasing amounts of atmospheric sulphur generated by 
man may have shifted the balance point. This is shown by recent changes in 
the sulphur content of polar ice, which had previously remained constant 
over the centuries (Koide and  Goldberg, 1971). 

Over the past several years estimates of natural and man-made 
(arithropogenic) sulphur emissions have been made for global sulphur bi4get 
calculations. Table 25 lists some of these estimates. On a global basis, 
fossil fuel combustion accounts for 75-85 per cent of man-made sulphur 
emiasions, and industrial processes such as refining and smelting socount 
for the remainder. 

Table 25. Emis sions of sulphur into the atmosphere (in 106  tonne S/y) 

Natural Euisaions Man-made 

Volcanoes 	Sea-Spray 	Biogenic 

Junge (1963) 
- 45 230 40 

Eriksson (1963) 
- 45 280 40 

~ 1 2:7 ~ *  
110 

Robinson and 
Robbins (1972) - 44 98 70 33.0 

Kellogg et al. (1972 1 44 89 50 27.3 
Friend (1973) 2 44 106 65 30.0 
Bolin and Charson 

(1976) 3 44 31 65 45.5 
Hallberg (1976) 3 44 37 65 43.6 
Granat (1976) 3 44 32 65 45.1 
Garland (1977) 

- 44 152 70 26.3 
Davey (1978) 10 44 86 60 30.0 
Cu].lis and 

}Lirschler (1979) 5 44 97 94 (39.2) 

* Figures between brackets are percentage of man-made emissions. 

I 
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These estimates have large uncertainties, particularly in the case of 
natural smiesions, where the magnitude of biological decay emissions is 
adjuatsd to make budgets balance. Eowevar, they show the megnitude of the 
contribution of man-made emissions. About 75-80 per cent of man-made sulphur 
is deposited on land. (Granat .t a]., 1976). The Northern Hemisphere accounts 
for about 93 per oeirt of the global man-made 502  emissions and has approi.mately 
two-thirds of the .rth's l&nd area. Thus most of the global man-made sulphur 
is deposited back onto the continental Northern Hemisphere, whereas a 
relatively small amount finds its way to land in the Southern Hemisphere 
(i.ic, 1978). 

Though they are not well understood, the mechaniems by which 502 
oxidized to suiphatee are important because they determine the rate of 
formation and, to some extent the final form of sulphate. Atmospheric 502 
may be oxidized to 503  and converted to sulphuric acid aerosol, or it may 
form sulphite ions that are then oxidized to sulphate. Subsequent to the 
oxidation, aulphurio acid or sulphate may interact with other materials to 
form other sulphate compounds. The most important sulphate formation 
meobanisma identified to date include: direct photo-oxidation, indirect 
photo-oxidation, air oxidation in liquid droplets, catalyzed oxidation in 
liquid droplets and catalyzed oxidation on partioulates. The conversion of 
SO2  to sulphate aerosol in power plant plumes is slow in the early part of 
th. plume; that is, close to the point of emission. As ambient air mixes 
with the plume, the rate of conversion increases. Thus ta].l stacks reduce 
ground-level concentrations of SO2 but increase sulphate aerosol formation 
by reducing sulphur losses of 502  and by increasing the atmospheric residence 
time, which results in increased S0 2-to-eulphate oonveraion (Wilson at a]., 
1977 in the atmosphere and a consequent apread of suiphates over a greater 
area. 

Effects of sulphur oxides: 

Although more quantitative data on dose-response relationships are 
needed, sufficient evidence exists to conclude that atmospheres polluted 
with oxides of sulphur directly and indirectly attack and iamage a wide 
range of materials. Much of this damage is due to the conversion of 
auiphur oxides to highly reactive sulphuric acid, anil/or sulphates. 

Atmosphere oontaining sulphur compounds can corrode several materials 
(for example, overhead powerline hardware, steel structures, etc.). It 
attacks and iszltaees a variety of building materials - limestone, marble, 
mortar - as well as statuary and similar works, causing their physical 
deterioration (Eucera, 1 976). 

Although low doses of aulphur dioxide may have beneficial effects on 
plants, beoauae sulphur is one of the major plant nutrienta, an increased 
uptake of S0, will cause more and more changes in the system, first 
reversible, later irreversible, until a breakdown of the system occurs 
(Yogi, 1965)9 Plant species and varieties vary in seneitivity to sulphur 
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dioxide as a result of the interaction of environmental and genetic factors 
that influence plant response. Temperature, humidity, light, other pollutants 
and the stage of plant growth all interact in affecting this sensitivity. 
Sulphur dioxide absorbed by plants may produce two types of visible leaf 
injury, acute and chronic. Acute injury, which is associated with high 
conoentratione over relatively short intervale, usually resulta in dryi.ng 
of the injured tissues to a dark brown colour. Chronia injury, which 
results from lower concentrations over a number of days or weeks, leads to 
a gradual yellowing (i.ee chlorosia, in which the ohlorophyll-king 
mechanism is impeded.). Different varietiea of plants vary in their susceptibility 
to sulphur dioxide injury (Glass, I 978). 

The interaction between soils and air—borne oxides of sulphur has 
received relatively little attention. The two major effeots of 50 
pollution of the soil are a decrease of pH and an increase in sulphate 
(Ralatead and Rennie, 1977). A obinge of theee two variables may then 
affeot the structural and miorobial characteristics of the soil. In some 
aystems where the soils are sulphur deficient or where structure is 
improved by the addition of sulphur, increased productivity may result. 
However, these circumstances are relatively rare. When the rate of addition 
or the amount added in excessive, changes in the composition, structure, 
and funotion may result. Any effect of SO  on vegetation will indirectly 
affeot the soil. 

Sulphur compounds are removed from the atnosphere by two processes 
(Glass, 1978): (a) dry deposition including the absorption of SO2  on 
exposed Burfaces and the sedimentation and. impaction of particulass and 
(b) wet deposition in which sulphur compounds are frequently deposited as 
acid precipitation. Dry depoeition is a continuous process depending 
mainly on the concentration of sulphur oxides near the ground, the yearly 
amounts deposited per unit area generally decreasing with increasing dis-
tance from the source. Wet deposition in much more variable being dependent 
both on the rainfall pattern and on the burden of sulphur compounds within 
the mixing layer. It can be substantial in areas exposed to precipitation 
from air which has passed large emission sources. In cold climates air 
pollutants deposited during the winter usually accumulate in the snow pack. 
When this melts, much of the pollutant load, is released in concentrated form 
with the first melt water. This may lead to sudden increases of acidity 
in the wateroourees and also to some extent in the soil. 

Fresh water bodies in many areas of eastern North America and northern 
Europe, that today lie in and adjacent to the areas where precipitation is 
most acid, are threathened by the continued deposition and further expansion 
of acid precipitation. )Iany of these bodies of fresh water are poorly 
buffered and vulnerable to acid inpute. These ecoiysiema appear destined 
to suffer greater acidification and loss of fish populations. Equally as 
serious as biznn.ge to fish are the less conspiououa effects of the 
acidification of fresh water, including changes occurring in ccuunitiee 
of aquatic organisms such as microdecomposers, algae, aquatic maorophytes, 
zooplankton and zoobenthos. 
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The acidification of thousands of lakes and rivers in southern 
Norway and Sweden during the past two decades has been linked to acid from 
precipitation (Dochinger and Seliga, 1976); Braekke, 1976; Wright and 
Gjesaing, 1976;  Almer ci a].., 1974; Dickson, 1975). In turn, this 
increased acidity has resulted in the decline of various species of fish, 
particularly trout and salmon. The fish population in rivers and lakes 
in 20% of the area of southern Norway have been affected by increasing 
acidity. About 10 9 000 Swedish lakes are estimated to have been acidified 
to a pH bslow 6.0 and 5,000 lakes to a pH of 1BBB than 5.0 (Dickson, 1975). 
Along the west coast of Sweden, about 50% of the lakes have pH values of 
less than 6.0 and pH has decreased as muoh as 1.8 units since the 1930's. 
Fish populations have been correspondingly decimated or seriously affected 
(Dickson, 1975). 

Other evidence indicates that not only are fish affected by 
aoidifioatton, but that a variety of other aqua.iic organisms in the food 
web are adversely altered (Dochinger and Seliga, 1976;  &aekke, 1976; 
Hendrey at al., (1976). In general, algal communities in lakes with pH 
under 6.0 contain fever species, with a shift toward more acid-tolerant 
forms. In particular, the chlorophyoeae (green algae) are reduced in acid. 
lakea. Some acid lakes and streams contain greater amounts of benthic 
moes (Sphagnum) and attached alga., and the growth of rooted plants is 
reducei[ There is a tendency toward fewer species of aquatic invsrtebrates 
both in the water column and in sediments in acid lakes and streams. The 
rate of decomposition of organic matter is reduced, with bacteria becoming 
less domimnt relative to fungi. Swudl.ah workers have observed thick 
fugal felts over large areas of sedimenta in some acidified lakes. They 
concluded that decreased decomposition of organic matter on the bottom of 
iskes, coupled with greater abundance of au1erged mosses and fungal mats, 
reduces nutrient cycliug from the sediments. This in turn leads to depletion 
of nutrients and reduced productivity in acid lakes. 

Acid precipitation also causes other obanges in lake-water chemistry 
as well. Movated concentrations of aluminium, manganese, zinc, cadmium, 
lead, copper, and nickel have frequently been observed, in acidified lakes 
(Wright and Ojeasing, 1976;  Beamish, 1976; Dickson, 1975). The abnonilly 
high concentrations are apparently due in part to direct deposition with 
precipitation as well as increased release (solubility) from the sediments 
in acidified lakes (Dickson, 1 975; Galloway at al., 1976; Galloway and 
Likens, 1977). These heavy metals may represent a major physiological 
utrees for some aquatic organisms. 

In r.oent years concern has been expressed that forest growth may also be 
affected far away from emission sources, where the concentration of acid 
in air and precipitation is lower than where acute tlsntsge  and visible 
symptoms occur. The rate of forest grow -tb has declined in southern 
Scandinavia and in the northeastern U.S.A. between 1950 and 1970, but it is 
not possible to state unequivocally that this decline is caused by acid 
precipitation (AbrsJiamcien et al., 1976; Doohinger and Seliga, 1976; 
Tamm, 1976). Thrreatria.l ecosystems are very complex, with numerous 
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living and non-living components. Since acid precipitation is only one 
of many environmental stresses, its impact may enbn.noe, be AnbRnOOd by, 
or be swamped by other factors. Reoent experiments indicate that acid 
precipitation can damage foliage; accelerate cutioular erosion; alter 
responses to associated pathogens affect the germination of conifer seeds 
and the establishment of seedlings; affeot the availability of nitrogen in 
the ooil, decrease soil respiration; and increase leaching of nutrient ions 
from the soil (Abrahainsen at al,, 1976; )almor, 1976; Tamn, 1916). Although 
many of these factors might be expected to adversely affect tree growth, 
it has not yet been possible to demonstrate utanibiguonsly decreased tree 
growth in the field, However, it is possible that acid damage might have 
been partly offset by the nutritional benefite gained from nitrogen oom-
pounds conuDonly occurring in acid precipitation. Changes already detected 
in soil processes may as yet be too small to affect plant growth. 

Sulphate aerosols contribute to a large extent to the reduction 
In visibility. In regions prone to high relative humidities some 
phenomena may aggravate the sulphur dioxide - sulphate - visibility 
relationship (Glass, 1978). First, there is an increased conversion rate 
of sulphur dioxide to sulphate time, more net sulphate may be formed due 
to the reduced opportunity for 502 removal by dry deposition. Seoond, the 
visibility reduction of a sulphate aerosol always increases as the relative 
humidity increases because the particles grow in size. Therefore, if 
sulphur dioxide emissions cannot be kept at the recommended ambient values, 
rural and urban sulphate levels can be expected to increase, with a further 
visibility reduction. This can have sooio-economio and climatic 
implications. The first ranges from simple citizen dissatisfaction to 
decrease in revenue and property values in area of scenic attraction. 
Climato].ogical effects inc].ude the reduction of solar radiation for 
photosrnthesis, heating or 000ling of the atmosphere resulting in changes 
in the length of growing seasons, and changing precipitation levels 
(Higgins, 1977). 

One of the primary problems in determining the health effects of 
sulphur dioxide continues to be the develo.ment of an understanding of 
the manner in which this gas interacts With other substances in the 
atmosphere. Laboratory studies have demonstrated that the levels of 
sulphur dioxide found in the ambient air are innocuous until combined with 
other substances. Three categories of human disease appear to be in-
fluenced by atmospheres containing sulphur dioxide and associated pollii-
tents. These are: altered pulmonary ventilation and increased prevalenoe 
of lower pulmonary disease in children, increased frequency or severity 
of asthmatic attacks; and increased prevalence of chronic respiratory 
disease. During so-called air pollution episodes an increased mortality 
has been observed in susoeptible groups, e.ge persons with heart and lung 
diseases, and the aged. Moreover, high concentrations of sulphur dioxide 
and particulates have been aaaooiated with acute morbidity. 
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167. The results from investigations on exposed workers are to a certain 
extent contrary to the findings in epi.d.emiological investigations of the 
general population. For example, in ctudies of workers exposed to sulphur 
dioxide, it is obvious that medical symptoms have been reported first 
when the exposure was considerably higher than during even acute air pol-
lution episodes. However, the type of exposure has not been comparable 
with the exposure from ambient air. Furthermore, occupational groups 
consist of relstively young and healthy persons while the general 
population includes also the aged and the infirm. Among occupational 
groups there is a. certain self-selection which means that those who object 
to the exposure change jobs. All of these factors make it impossible to 
use the negative results from investigations of exposed workers as a 'basis 
for making meaningful quantitative risk evaluation pertaining to the 
general population. It should also be poited out that effects were 
cheery-ed at concentrations of about 3 rng/m 502  in short-term experiments 
on human volunteers (WB), 1 979). 

168, It is evident from animal experiments that high concentrations of 
sulphur dioxide can bring about pathological changes in the airiaye of a 
similar nature to those seen in.X

m.
tente with chronic bronchitis. At 

lower exposure levels, about 3 	 i, changes in lung functions have been 
seen as well as a reduced lung clearance. Although animal experiments 
have provided evidence that synergistic action takes place between sulphur 
dioxide and particu.lates, The conclusion must nevertheless renmn that 
the effects in animal experiments occur at a much higher level of 302 than 
in the case of bun.n beings. 

A World Health Organization Task Group made an evaluation of the 
lowest concentrations of sulphur dioxide and particles which could be 
expected to cause health effects. Acute effects can be expected after 
simultaneous exposure for 24 hours to 250-500 )2g/m 3  of both sulphur 
dioxide and particles. Respiratory symptoms can also be expected as a 
result of long-term exposure to 100 ,&g1m3  sulphur dioxide and particulates 
(WM, 1 979). Based on this evaluations, guidelines for the protection of 
the health of the public were develo

~40-60
ed  in terms of 24-h values (100-150 

,ug/m3 ) and in terms of annual means 	ingJm3). 

This evaluation is based primarily upon results from epidniologica1 
investigations. This leads to difficulties in quantitative generalizations. 
It cannot be excluded that aubstances other than sulphur dioxide and 
particulatee may have been of crucial significance. For example, in those 
investigations on which the evaluations are founded the concentrations of 
nitrogen d.ioxid.a were not measured. Nor is there information available 
on the concentration of sulphur compounds other than sulphur dioxide, 
e.g. sulphate particulates. When it comes to apply the results to the 
present exposure conditions it should also be stressed that the particul.atas 
primarily consisted of soot which is not the case today. All of these 
factors mean that it is not possible, with any substantial degree of 
certainty, to establish values for sulphur dioxide and particulates (alone 
or in combination with each other) which can be expected to give rise, or, 
not to give rise 1  to health effects. 
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171. Morgan et al. (1978) estimated the health d.wme*  de to suiphates 
to vary from 0 to 12 deaths per 105 people per inicrogm& suiate with 
a median of 3.7. This value was applied by Morris at al. (1979)  to 
estimate the health hazariie from coal—fired power plants. Table 27 gives 
the amount of SO emitted from foail fuel fired power plants with no 
stack gas desulpurizat ion together with the calculated mortality due to 
eulpbu.r oxides. 

Table 27.  SO emissions from fossil fuel fired power plants 
and the estimated health effects (per 1000 MrI(e)y 

Coal 	Oil 	Natural. Gas 

POflL 5O :  emitted 
ECeBB deaths 

Asstring stack height of 300 
plant. For other information 
sulphur content of fuel, see 

3.71O 	20 
20 	6 	0.004 

m, 3x106  people within 80 Ian around power 
regarding efficiency of power plants, 

Chapter II and III. 

Control Technoloy 

Several technologies have been developed forfius gas desulphu.rization, 
namely, limestone slurry scrubbing, lime slurry scrubbing, manganese slurry 
scrubbing - regeneration to }12SO4, sod iuzn solution scrubbing - SO reduction to sulphur, and catalytic oxidation (Cberemiinoff, 1976; Tan, 196). The 
selection of technology is essentially controlled by its cost. Of these 
flue gas deaulphurization systems, lime/limestone wet scrubbing is now 
considered a commercial process, land use restrictions may prevent the 
application of time/limestone systems in reions of high population density. 
Assuming a coal with a sulphur content of 3 and a scruber efficiency of 
9(Y, the amount of waste water produced is about 6 • lxlO tonne (containing 
xi05  dissolved and suspended solids) per 1000 M4(e)y. Such water requires 

a aettlin.g pond about 7.2 bectare (3 m deep); the recovered solids require 
10 bectare (6 m deep) storage facility. Such scrubbers reduce considerably 
the emissions of 501  and hence the associated health effects. 

2. Nitrogen Oxides and Photochemical Oxidants 

Nitrogen oxides, primarily NO plus smaller cruantities  of NO2 , arise 
from a different source than other pollutants. Basically, nitrogen in the 
combustion air (plus, possibly, small quantities of nitrogen chemically 
contained in fossil fuels) combines with the oxygen in the air during the 

* See para. 16 and 17 for discussion of dose—effect relationship. 
The estimates given here are assuming linear relationship. 



combustion process to p'oduce NO. Later, most of the NO oxidizes further 
to form 11020  Most NO7  is formed outside the boiler, often at a consider-
able distance dow-nwina from the plant stack, 

174. The emission of nitrogen oxides varies greatly from one country to 
another (see Table 28). However, the major source of world-wide 
atmospheric NO is naturally produced, especially by biological processes* 

contribuion is nevertheless a cause for concern because the 
emissions are concentrated in urban areas (N0  concentrations in urban 
atmospheres are 10 to 100 times higher than those in ru.ral atmospheres). 

Table 28. iinissions of Nitrogen Oxides as NO (1 3  toime/year) 
in some selected coimtries 

Source 	Canada 	Fed. Rep 	Italy 	The 	Norway 	United 
Genna.ny 	 Nether- 	Kingdom 

lands 
1972 	1971 	1972 	1970 	1970 	1970 

Area 103 IJR2 	9976 	248 	301 	36 	324 	244 

Transportation 	1092 	414 	314 	108 	46 	360 
Stat ionar? 

Combustion 	445 	1296 	432 	140 	19 	1602 
Ind.nstrial 

Process 	63 	41 	118 	35 	15 	- 
Miscellaneous 	 63 	 - 	 - 	 - 	 - 	 - 

Grand Total 	1663 	1750 	864 	284 	80 	1 962 

* Emissions of nitrogen oxides are expressed as NO2 . Most sources are 
emitti.ng much more NO than NO 2. Oxidation of NO into NO2  is a function 
of time and the pho-tochemical processes. Thus NO/NO2  are dependent on 
the distance between source and measuring site, time of day, and 
meteorological parameters. The reason for expressing NO1  enission.s 
as NO is due to the fact that formally NO was measured together with 
NO2  ater oxidation into NO2. Recently, however, NO conoentrations may 
be measured as such. (To express the NO2 emissions as NO multiply the 
values given in the table by a factor of about 0.6). 

After OECD (1976). 
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Effects of Nitrogç oxides: 

Nitrogen oxides can cauae plant injury. Some kinds of plants develop 
acute leaf injury (lesions) when expoBed to concentrations of NO2 greater 
than 25 ppm for one hour. ifowever, at normal anbient N0  ooncenrations, 
there appears to be no appreciable harm. 

Nitrogen dioxide is well known as a toxic gas in industrial environ-
ments. It can, if inhales in high enough conceutrations, produce 
pu.lmonary aedema which occurs only after a latent period. The 
concentrations found in polluted air are rarely more than 0.1 to 0.2 ppm 
and could not produce pulmonary oedema, but there is evidence from 
animal experiments that the concentrations not much higher than those 
occasionally found in outside air can produce cellular alterations and 
striictu.ral changes resembling those seen in some human lwg disease. On 
the other hand, very little work has been done on the toxic effects of NO 
mainly because it used to be thought that it was oxidized immediately to NO2 . 
However, NO is a very active molecu.le, capable of forming addition compounds 
with haemoglobin as does carbon monoxide and more work is needed to study 
its true effects (OECD, 1978). 

A limited number of epid.emiological studies have been published in 
which an increased incidence of acute respiratory tract infections in 
school children have been associated with the exposure to nitrogen oxides. 
A simulataneous exposure to other air pollutants took place, however, and 
it is not possible to identify a straight forward relationship between 
exposure to nitrogen dioxide alone and respiratory diseases. 

An evaluation of health effects of nitrogen dioxide muat, therefore, 
rely on experimental data as relevant epidemiological studies are not 
available. There is indication, howeyer, that adverse effects occur after 
short-term exposure to about 1-2 mg/Trr NO2 (0.5-1 ppm). These effects 
include not only morphological changes and other toxicological effects 
observed at higher NO2  levels, but also certain effects seen at lower 
levels. These include increased airway resistance, increased sensitivity 
to broncho-constrictors and erthanced susceptibility to respiratory 
infections. In healthy humaris adverse effects have been seen after ten 
minutes of exposure to about 1.3-3. irig/m3  (0.7-2 ppm).  Some data suggest 
that exposure to about 0.2-0.4 mJm may give rise to adverse effects in 
asthmatics under conditions of a simultaneous exposure to broncho-
constrictors (W3J, 1977).  At present, there is no evidence that nitria oxide 
concentrations typically obserred in the ambient air have a significant 
biological effect (WNO, 1977). 

In 1972,  WHO believed there was insufficien.t information upon whiob 
to base air quality guidelines in the absence of conclusive epidemiologica]. 
data. The 1 976 Task Group felt it was appropriate and prudent not to wait 
further but to employ toxicological and experimental data from animla and 
humaris to derive guidelines for the protection of public health. The 
Task Group selected 0.5 ppm  NO2 as an estimate of the lowest observed affect 
level for short term exposures. In view of the uncertainty conceruing the 
lowest adverse effects level and the high biological activity for NO2  the 
Task Group concluded that a considerable safety factor was required. 
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Accepting a safety factor of 3-5, the minimum exposure levels consistent 
with the protection of public health would become 0.10-0.17 ppm maximum, 
one horn concentration not to be exceeded more than once per month 
(ww, 1977).  Eow.ver, some experts also feel that these exposure 
levels might have to be lowered if there is biological a idence showing 
interaction between nitrogen dioxide and other pollutants present if some 
egmeuts of the population appear to be highly sensitive to N02 0

Becanse 
of the lack of infonrtion on. the effects of long-tenn exposure to nitrogen 
dioxide, on.ly a shor-t-term exposure has been proposed. A number of countries 
have established anbieni air quality standards for NO2. They cover a wide 
range from 0.01 to 0.1 ppm for 24 hour avera€es and from 0.02 to 0.45  ppm 
for 20 minutes to one hour averages (OECD, 1978)0 

Photochemical Oxidants: 

180. Nitrogen oxide emissions are of particular concern because they are 
siarting" materials for atmospheric reactions which lead to the production 

of photochemical oxid.an-ts (photochemical smog). Oxidanis are formed when 
nitric oxide reacts with hydrocarbon vapors in the presence of sunlight. 
Major components farmed are ozone, nitrogen dioxide, peroxys.cyl nitrate 
and peroxybenzoyl nitrate. 

181. 	It has been established that photochemical oxidants are only a 
local problem in the large urban areas because of either topography or 
population distribution. However, recent evidence from field studies con-
ducted in Europe and Eastern North America has established that photochemical 
pollutants and their precursors can be transported up to several hwiired 
Idlometres. This long range transport implies that emission control on 
a local scale may be grossly insufficient in Europe and Eastern North 
America (OECD, 1978). 

I)if'Teront effects on man and his environment, attributed to photo-
cheinical air pollution, have been noted in irm..ny parts of the world. The 
variations in the type of effect are due to a number of factors Buch as 
the variety of pollutants present, their respective concentrations, their 
cyclical occurrence, their interaction, etc. Few systematic research 
progranmies on health effects, plant damage or other types of effects have 
been carried out daring episodes of photochemical air pollution. 

While a large number of compounds fall into the group known as 
pbotochendcal oxidants, the one which is formed most abundantly in the 
ambient air, and about which is most known in ozone. It is difficult to 
obtain an accurate measurement of all the photochemical oxidant compounds 
in the air, therefore most air monitoring stations only measure ozone 
which generally composes over 90 per cent of the total photochemical 



oxidant in the air. Most of the health studies, however, have been based 
on exposure to ozone rather than to a combination of oxidants as wouJ.d. 
Occur in the air. In fact, little is laiown about the toxicity of many 
specific photochemical oxidant compounds other than ozone and PAN 
(perozyacetyl nitrate), but some are strongly suspected of being dangerous to 
hinnans, mainly a]4ebydes (fonna].deyd.e, acrolein), other peroxyacyl 
nitrates, sulphate and nitrate aerosol species. 

The primary toxicological effects of oxidanta are increased suscept-
ibili -ty to infectious pulmonary disease; pulmonary and systematic biochemical 
changes; eye, nose and throat irritation, nausea and headaches; impairment 
of pulmonary function; structural changes in lung tissue; and chromosomal 
alterations of white blood cells. From laboratory experiments on humans 
and animals, it appears that some of the effects definitely can be attributed 
to ozone, others such as eye irritation, cannot be caused by ozone, because 
ozone does not possess any lachrytnatory properties (Hazua, 1973; Bates and 
1.zucha, 1973; Hàzucba and. Bates, 1975;  Watanabe et a].., 1973; Sato and 
Fxanlc, 1974). 

Carefully controlled ].aboratory experiments in the United States 
(ErPA, 1976) have shown that ozone interferes with the normal function of 
-the lung in healthy adults at levels above 0.25 parts per million, when 
ozone is the only air pollutant present. Some of the health effects can, 
however, be expected to occur at ozone levels considerably below that 
observed in this laboratory test. This is because ozone is known to have 
synergistic properties, i.e., the health effects are much more pronounced 
when ozone and other comuon air pollutants e.g. 5021  NO2, are breathed 
simultaneously than when breathed alone. 

To obtain more infoition and to help answer questions which cannot 
be answered through human experiments, scientists have tested a variety of 
animals under controlled conditions for long periods of time. These studies 
showed That, at levels and durations of exposure comparable to those 
experienced in many areas of the United States, serious health effects 
occur in animals. These include chromosome changes 1  permanent damage to 
the elastic recoil properties of lunge, decreased fertility, birth defects, 
and, possibly, lung cancer. A further disturbing observation from animal 
studies is that at very low concentrations (0.08 ppn) for several hours, 
ozone reduces the body's capability to fight off infectious bacteria 
(0FCD, 1978, WHO, 1978). 

Consideration has to be given to the limitations of interpreting 
laboraory animal and human studies, However, these studies have proved 
both necessary and useful in understanding the health effects of ozone. 
There is a need for more systematic epidniologica1 studies to be under'.. 
taken so that more definite conclusions on the long-term effects of 
relatively low concentrations of oxidants can be reached. More controlled 
animal and human studies with ozone and combinations of pollutants would 
also prove valuable. 
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Photochemical oxida.nts can affect plants in a number of ways, e.g. 
necrosis, bronzing, silvering, etc. of leaves, and in reducing yield and 
output. This latter effect is of particular importance for commercial 
crops. Damage to commercial crops has been reported in a number of countries, 
mainly Canada, the Netherlands and the United States. As a result of this 
damage occurring over several years, farmers in certain areas such as 
Ontario have switched to less sensitive species or to other crops. The 
conrnercial crops affected by ozone include white beans, tomatoes, tobacco, 
lettuce and spinach (OECD, 1978). 

An increasing nwnber of countries are using indicator plants to 
monitor for oxidants as this method is cheap and very useful in situations 
that do not justify the establishment of a complex and costly monitoring 
network. In this respect, Canada has reported on several stiies concerning 
indicator plants that show leaf injury to sensitive species of tobacco 
plants to be consistent with ozone concentratious obtained by instrumental 
methods (OECD, 1978). 

In north—western Europe, north—eastern United States, Los Ange1es, 
Tokyo and Sydney, visibility reduction is an important effect of photo-
chemical pollution episodes. Photochemical reactions lead to the 
oxidation of sulphur dioxide and nitrogen dioxide to aerosol species 
which cause the dense summer hazes regularly observed over hundreds of 
kilometres. Since one of the main removal mechanisms of these aerosol 
particles is by precipitation, these species may travel quite long 
distances during photochemical episodes. The aerosol in the polluted 
photochemical air mass has been observed to reduce the intensity of the 
solar bean] to one tenth of the incident value. 

In 1972,  the S.Jnff)  published a tentative air quality criteria value 
for urban areas of 0.06 ppm ozone. In 1976,  WHO convened a Task Group 
to produce an updated air quality criteria document. The no—effects value 
for ozone was found to be 0.1 to 0.2 ppm. The Task Group reached a con-
sensus that a one hour mean ozone concentration of 0.05 to 00 ppm not to be 
exceeded more than once per month, should be a guideline for the 
'otection of public health (NIL, 1978). 

Control Technolor 

Theoretically, it is possible to reduce NO1  concentrations in 
combustion gases by: (1) modifying the buniers or firebox, or both; 
(2) decomposing nitric oxide and possibly nitrogen dioxide, back to the 
elements oxygen and nitrogen; or (3)  scrubbing the effluent gases. Of 
the three possibilities, modifications of the combustion equipment have 
been shown to be the most effective and probably offer the most promise of 
further NO1  reduction at combustion sources. For stationary sources, the 
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control principle has been based on reducing either the flame temperature 
or the availability of oxygen, both of which prevent NO formation. 
Similar principles of oontrol are applicable to motor vehiclee. Catalytic 
principles, which have been applied to reduce NOx  from chemical processes, 
may also be applicable to the control of NO  in motor vehicle exhaust. 

3. Carbon Monoxide 

Carbon monoxide (co) is a product of incomplete combustion of 
carbonaceous f'u.els and is fo nied whenever carbon—bearing mat oials buxi, 
if the oxygen furnished is less than that required to form carbon dioxide. 
By far, the largest source of CO emission is motor vehicles. Inthwtrial 
sources normally are remote from urban areas, and their emissions make no 
sigaificant contribution to the hi.gh 00 levels experiiced in inner—city arease 
tren in the limnediato vicinity of major industrial sources, CO levels are 

generally well beloz the allowable ambient air quality standard. The carbon 
monoxide background concentration of clean air has been found to be 0.13-
0.14 pxn in the northern hemisphere and 0.06 pti in the southern hemisphere. 
The worldwide emissions of CO have been estimated to be more than 200 
million tonn.e annually. 

Several removal processes of CO are 1own. The oxidation of CO by 
OH radicals seems to be the most important sink. Additionally, carbon 
monoxide is removed by such natural processes as the metabolic conversion 
of CO to CO2  and methane by soil micro—organisms. 

Table 29 gives the carbon monoxide emissions from different sources 
in the United States, and illustrates that transportation devices account 
for about 75 per cent of the carbon monoxide emitted. Distinct seasonal 
patterns of variations in carbon monoxide emissions are kn.own, these are 
primarily the result of both traffic and meteorological variables. 

Table 29.  Carbon Monoxide Bmission estimates by source 
category for the United States* 

Source CO X 109  kJyear Percentage 

Transportation 101.0 73.7 
Fuel combustion in 

stationary sources 1.6 1.2 
In.duztrial processes 10.8 709 
Miscellaneous 23.7 17.2 

* Source: tJNEP/GC.61/Add. 10 
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196. There is no evidence that the carbon monoxide discharged as a 
result of man's activities is of any global significance. The only 
adverse effects known occur in urban areas (especially road tunnels 
and confined spaces with heavy traffic) where levels can rise 
sufficiently to block a small proportion of the oxygen-carrying 
capacity of the blood. 

1979 When inhaled, carbon monoxide combines with haemoglobin, whose 
vital function is to transport oxygen. Since carbon monoxide has an 
affinity for haemoglobin some 240  times that of oxygen, the prime result 
of this reversible combination is to decrease the capacity of the blood 
to trensport oxygen from the limg to the tissues. It should be noted 
that carbon monoxide is naturally present in the blood s  the normal back-
ground concentration of blood carboxyhaemoglobin (COHB) is about 0.5 per 
cent, and this is attributed to en4ogenous sources such as catabolic 
processes. Exposure to carbon monoxide in the air does not necessarily 
raise the level in the blood. For example, continuous exposure to 25 ppm  
of carbon monoxide will eventually result in 4 per cent saturation, 
irrespective of the initial concentration in the blood (a person with an 
initial saturation of less than 4 per cent will absorb the gas, while a 
smoker with an initial saturation greater than 4 per cent will exhale 
carbon monoxide unrtil the OOHB oonoentration falls to 4 per cent). The 
saturation level of 4 per cent has been selected since higher levels appear 
to increase the risk for patients with cardiovasoular disease. 

4. Particulates 

196. Suspended particulate matter can result from natural and man-made 
sources. The former i.xIcluLle volcanic activity, dust storms, forest fires, 
sea salt spray ..* etc., while the latter include mainly emissions from 
combustion and industrial processes. Robinson and Robbins (1968) estimated 
the annual global emission of part iouate matter from natural and ixn-made 
sources to be ofhe order of 2600x10 tonne, of which man-made sources 
constitute 2%xlO°  tonnes (or about 11.4 per cent). The burning of fuel 
(especially coal) for heating and for the generation of power has been one 
of the maàor contributors to the suspended particulate matter in urban air. 
Vehicular traffic also generates particulate compounds from the exhausts 
of petrol-engined vehicles, and black smoke from those of diesel vehicles. 

199. The significance of fine particulates for plants and animals derives 
from certain aspects of their physical presence and their chemical 
composition. Constituents with potential toxicity for plants include B, 
Cd, Co, Cr, Cu, F, Ni,  Tl, and V. Constituents important for animals 
include Be, Cd, F, Ng, Ni, Sb, Se and Ti. The five trace elements with 
greatest potential for adverse impaction the terrestrial biota, ranked in 
descending order of biological impact and research need include Cd, Ni, Tl, 
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Cu, and P (Van Hook and Schults, 1977). Of particular interest is the 
evid.ence suggested that some trace elements are preferentially concen -trated 
on the smallest particles (l4nton et al., 1976). Some elements also are 
present in the gas phase (Natuzch, 1975; Natusch and Wallace, 1974;  Andren 
et al., 1 975; Pellizzari et al., 1975;  Jones e-L a]., 1976)a ihile enrich-
ment of particles appears to be independ.ent of plant operating cond.ition, 
stack gas temperature strongly influences the distribution of elements 
between phases. 

Recently, much more concern is being expressed about the potential 
toxicity of polycyclic aromatic hydrocarbons (PAR) which are released in 
coal combustion and can be condensed on the fine parti.culates. Stw3ies in 
Norway (Lund.e et a].., 1976) have shown significant quantities of these 
compounds on particu.lates collected from regional air samples over southern 
Norway. Since the PAR compounds are known to be active in metabolism 
(including enzyme induction) and generate a wide range of metabolites, 
research is beginning to focus on their importance as carcinogenic agents for 
all animals breathing fine partioulates, and for aquatic organimns taking 
up these compounds from the surrounding water (Lech and ?e1ancom ei al., 
1977). Current research indicates important effects induced in fish at dilutions 
of a few parts per billion, well below levels observed in the Nozwegian rain-
water samples, but the hazard for human use of the fish is still unknown. 
Since most particulates in the future will be in the fine aerosol size, this 
may or may not represent a reduction in ecological hazard, depending on 
activity of these organic compounds. 

Evid.ence also is available to indicate that the soil component of 
terrestrial ecosystems is an important sink for fine partioulates. Studies 
of the ecology of soil ecosywtns are concerned with the potential inter-
ference that the above trace elements can have on the metabolism of micro-
organisms, ar-thropod.s and othr soil animals. I1any of these organisms are 
involved in organic matter decomposition or mineralization. Subtle changes 
in these p'ocesses could have profound effects on ecosystem function by 
altering the quality or quantity of nutrient cycling (Bond et al., 1976; 
Lighihart and Bond, 1976). 

Acute plant disease is infrequently ascribed to particulate 
contamination. Particulates, therefore, are generally not considered 
harmful to vegetation (Jacobson and Hill, 1970; U.S.D.A. Forest Service, 
1973). In numerous and varied situations, however, particu].ates have been 
implicated in subtle adverse vegetation effects (Lerinan and  I.rley, 1 975). 

Still another consequence of fine particulates is the rethiction in 
photosynthesi.s occasional by reduced light from atmospheric contamination 
(Czaja, 1966; I.rley, 1966; Treshow, 1970). Cellogg (1977) pointed out 
that par-ticu.lates lead, also to cooling of atmospheric -temperature, but it 
is diffieult to estimate the net climatic changes due to particu].ates from 
combustion of fossil fuels. 
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204. I)ifferent technologies are now available for the removal of parti-
culates from flu.e gases (wet collection devices, electrostatic separators, 

etc.), and it is estimated that wider use and further improvement of 
these technologies may reduce part iculates to about one-4hird of their 
present level by the year 2000. Unfortunately, however, the present 
removal devices remove particles down to one micron in diameter only. 
Finer particles remain auspended and are apted to be carried far from the 
scarce alTi even into the upper layers of the atmosphere. These fine 
particles contribute relatively little to the total weight of particulate 
emissions. There is growing evidence that these fine particles, which can 
lodge in the deep recesses of the lung, are the ones most responsible for 
adverse health effects. Small particles can interact with au].phur dioxide 
in the air to create a much worse hlth hazard than can SO2  or particulate 
pollution independently. There is also growing evidence that small 
particles tend to worsen the impact of other pollutants on the environment. 
For short-term exposures, no satisfactory, direct evidence relating 
concentrations of total suspended particulates to effects is available 
(WIE, 1979).  Because of this 1  a guideline for short-term exposu.re levels 
can only be inferred. A very approximate 

2ZJts
eline  for suspended 

particulate matter in the order of 150-230 	been recently proposed 
byWPiO (w3, 1979). 

5. 0rganic Compounds 

205. A wide variety of organic matter is formed during the combustion 
process as a result of incomplete combustion or the occurrence of other 
chemical reactions. The quantities produced by the combustion of natural 
gas in conventional steam boilers are considered negligible. However, the 
quantities produced by the combustion of coal and oil are of possible 
siiificance, but can be minimized by good combustion control. 

6. Trace Elements 

206. Trace elements potentially hazardous to human health and ecosystems 
are present in fossil fuels, especially in coal. The trace elements of 
concern are, among others, arsenic 1  cadmium, chromium, mercury, lead, 
manganese, va.nad.ium, fluorine and beryllium. Concentrations of these 
elements vary considerably among different types of fossil fuels. 

traotion and combustion of fossil fuels effectively introduces these 
trace elements into the biosphere. 

207. The calculated emissions of trace metals from coal and oil-fired power 
plants are given in Table 30. It should be noted that these values will 
differ from one plaut to another, depending specially on the composition of 
the fuel. 
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Table 30, flnissions of Trace Eaements (per 1000 W(e)y) 
in tonne/y* 

Coal—fired Plant Oil—Fired Plant 

Arsenic 0.04 0.08 
CaAmium 0.01 0.02 
Chromium 16.00 0.07 
Lead 0.90 1100 
Manganese 3.50 0.13 
Mercury 0.58 0.003 
Nickel 0,36 20.00 
Vanadium 0.44 70.00 

* C'.la-ted after Freiberg (1 977),  For fuel and power plant 
characteristics see Chapter II and III. No desuiphurization of 
flue gas. 

Particulates, especially those in the subuicrometer range are important 
TIcaiersf I of these trace elements. 

Little is known about the fate of metals emitted from tall stacks. 
Both modelling experiments an.. systematic grid sampling around power plants 
have indicated that less than 10; of the metals emissions can be accounted 
for within 50 kilometers of the plarxt.(Vaughn, 1975). 

The trace metals components of the particulate portion of the SOT-
particulate complex strongly influence the response of experimental 
animals to the aerosol mixture. Some of the trace metals are knn as 
promoting agents of the conversion of sulphur dioxide to sulphuric acid. 
Trace metal synergism with other air pollutants may well be the mechanism 
of greatest concern to public health, especially considering the long—range 
transport undergone by gases and small particulates emitted from tall stacks. 

It is difficult to make an evaluation of possible health effects of 
the exposure to metals which will result from coal or oil fired power plants. 
The implications of a lifetime low exposure to such metals are not known. 
The possibilities of synergistic and catalytic effects upon other air 
pollutants have to be taken into consideration. Even if as a rule the 
oonoentrations of metals in the ambient air are small, the metals will not 
be broken down in nature. Several metals will undergo a continuous 
accumulation. In the evaluation of risks, it is therefore necessary to 
consider possibilities of contamination of air, water and crops, etc. 
from not only a local plant but also from other remote sources. 
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At nearly every point along the pathways in aquatic and terres -trial 
environments, interactions of trace elements with the biosphere occur. 
Organisms, especially micro—organisms in aquatic environmts, can absorb, 
concentrate and transform trace elements into more concentrated forms or more 
toxic compounds. Biotransformation of trace elements is particularly 
important in determining effects on man and other organisms because the 
molecular form of these contaminants often determines their persistence, 
bioaccumulation and toxicity. Trace elements may enter food chains and 
undergo bioaccunu1ation in passing through higher forms of life. Of 
particulat concern in this regard are concentrations of mercury, cadniium 
and lead because current intake levels for these substances are near 
tolerable human health limits, 

There is a reasonable agreement that some -trace contaminants in coal 
may constitute health problems from either direct toxicity or risk of cancer. 
mong those most toxic to man are mercu.ry-, cadmium and lead; intake levels of 
these substances are normally near tolerable health limits. Some trace 
elements act as catalysts in the conversion of sulphur dioxide to acid 
s-ulphates and, in this way, may indirectly contribute to the respiratory 
irritant effects of these other combustion products, Other trace elements 
in fossil fuels can combine with sulphate ions to form biologically re-
active and harmful compounds in the atmosphere. Three elements - arsenic, 
chromium and nickel - are accepted as having high carcinogenic risk to man. 
All three can appear adsorbed on fly ash, but their environmental impacts are 
not well defined, 

Lead emissions are of particular importance since organic lead com-
pounds (such as tetraethyl lead to tetramnethyl lead) are generally used as 
additives to gasoline and are emitted to about 90 per cent as inorganic 
lead compounds. Alkyl lead has been observçd in the urban air, in rush 
hours in concentrations about 1 microgran/m. Certain occupational groups, 
may be exposed to higher concentrations. About 30-40% of inhaled inorganic 
lead is absorbed. Absorbed lead is accumulated chiefly in the skeleton 
where over 90% of the total body burden is found. Lead is present in bone 
in an inert form. The remainder of the body burden of lead is distributed 
within the brain, liver, kidney and bone mrr. The concentrations in these 
organs are in general below 1 microgran'g. The metabolism of lead is complex. 
In blood and soft tissues, it probably has a relatively short bioloical half-
time, 15-20 days (llabinowitz ci al., 1974; Chamberlain et al., 19751 while 
in the bone it has a half—lice of over 10 years. The deleterious effect of 
inorganic lead compounds on different organs is well documented. Lead can 
cause anemia by interfering with the synthesis of haemoglobin in several ways. 
Lead can damage both the central and the peripheral nervous systems. A slow-
ing on the conduction velocity of the peripheral nerves can emerge at 
concentrations aromici 50 microgram lead/100 ml blood (Sepplinen e -t al., 1975). 



7. Radionuclides 

214. Stud.ies have been made in the past few years of the amounts of 
naturally occurring radioactive substances emitted in the airborne effluentc 
of coal-fired power plants (Eisenbud and ?etrow, 1964,  Terrill et a]., 1 976, 
Hyll, 1971; Lava and Freeburg, 1973 and McBride et al., 1978). The 
estimated, annual airborne radioactive material released from a coal-fired 
plant is given in Table 31, 

Table 31 • Estimated Annual Airborne Radioactive Materials 
Released from a Coal-fired Power plant per 

1000 ?.J(e)y* 

Isotope Releases, 
Ci/year 

Isotope Releases, 
C i/year 

tJ-238 Ox 101 Th-232 5x10 
Th-234 
Pa-234m 

8110_3  
8x10 

Ra-228 
Ac-228 

5x10 

U-234 810 Th-228 
5x10 
5x10 

Th-230 
Ra-226 

8x10 
axiol 

Ra-224 5x10 3  

Po-218 8x10 
Pb-212 
Bi-212 

5x10 
5x10 3  

Fb-214 8110_3  
8x10 

P1-208 1.8x10 
Bi-214 

8x10 Po-214 
Pb-210 8x10 
Bi-210 axial Rn-220 0.4 
Po-210 
IJ-235 

8x10 
3.5x101 Rn-222 0.8 

Th-231 3.5x10 
Pa-231 
Ac.-227 

3.5x10_ 
3.5x10 

Th-227 3.5x10 
Ra-223 3.5x10 
lln-219 3.5x10 
Pb-211 3.5x10 
Bi-211 3.5x10 
P1-207 3.5x10  

* Assumptions: (i) the coal oontains 1 ppm uranium and 2 ppm thorium; 
(2) ash release in 1; (3) Rn220 is p 4'odiced from Th-232 in. the combustion 
gases at the rate of 1.38x10 Ci sec'g of thorium; (4) th annual 
release of natural uranium is 2.32x104g and Th-232 is 4.64x10g; and (5) 15 
see is required for the gases to travel from the combustion chamber to the 
top of the stack. After McBride et al. (1978). 
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It should be noted that on the average, a member of the world 
popula.tion receives a whole body close of about 100 mrem/y from natural 
radiation (cosmic rays, radioactive substances in the ground, etc.) and 
about 50-80 mrem/y from man-made sources (medical sources, nuclear 
explosions, power production ..e etc.), of which less than 1.0 mrern/y is 
due to radiation from coal and nuclear power industry. The global dose 
coimnitment from one year of coal-power production at the present global 
installed capacity of 1000 CJ(e) corresponds to 0.02 days of natural 
radiation exposure. One year production of nuclear power at present 
global installed capacity of 111 C(e)'ives 0.83 days of natural 
radiation exposure (UNSCEAB, 1977 p. 16). 

8. Carbon Dioxide 

Carbon dioxide is the final oxidation product of carbonaceous fuels; 
it is also an abundant compound, intimately involved in the natural cycle 
and essential to the maintenance of life. It exists in the ambient air at 
a concentration of around 300 prin,  and it is only if man's activities increase 
this value so as to interfere adversely with natural processes that carbon 
dioxide can be considered a pollutant. 

Carbon dioxide is involved in continuous cycles of interchange between 
atmosphere and oceans, soil and rock layers, and the biosphere. Both land 
and marine plants withdraw and use ca.rbon dioxide to create carbohydrate 
compounds. Animals consume plants, releasing carbon dioxide back to the 
atmosphere in the process of biological oxidation (respiration). Although 
the geochemical egu.ilibri-um keeps the atmosphere content of carbon dioxide 
fixed at a level of around 300 pxn, it has been reported that there has been 
an increase in atmospheric carbon dioxide concentration (Williams, 1978). 

It is generally agreed that the carbon dioxide concentration has 
increased from about 300 ppmv in 1900 to about 330 pnv in 1975 (IJNEP, 1979). 
One reason for this increase must be the lmrning of fossil fuels, which has 
increased at a rate of slightly more than 41per  year during most of this 
century, and which presently adds about 5x10 g carbon per year to the 
atmosphere. A second possible source of the increasing 002  is deforestation 
and detruction of soil organic matter, particularly in the tropics. There 
is much unceriniy in the magnitude of this source, but it is believed to be 
around 1-5x1O'g carbon per year at present (Bampioke, 1979;  Bolin, 1979). 
Not all of the 002  added to the atmosphere by man's activities in any one 
year remains there and it is estimated that about 50% is taken up by other 
sinks. The major sink is the ocean but there has recently been considerable 
debate about whether the rate of 002  transfer into this sink is large enough 
to socouni for the difference between the a&lit ions of anthropogenic 002 
to the atmosphere and the observed yearly increase in atmospheric 002 
concentration. Other sinks have also been proposed, including reforestation 
or growth of the biota in temperate latitudes, peat accumulation and 
dissolved organic matter in the ocean. Despite uncertainty about the sources 
and sinks of 002,  it seems clear that continued use of fossil fuels 



- 70 - 

(especially coal) will lead to a continued increase in the atmospheric 
002 concentration, at least during the next 30 to 50 years thuing which 
the biogeochemical conditions, which have controlled 002  transfers during 
the last few decades, are not expected to change. 

The reason for concern about the increasing atmospheric 002  con-
centration is because of the so—called greenhouse effect of the gas, 
which means, all other factors being constant, that an increase in the 
atmospheric CO 3  level would lead to an increase in the earth's surface 
temperature, flesult from climate models suggest that a doubling of the 
002 concentration would give an increase in the globally average earth 
surface temperatixre of 1.5-3°C (Sobneider, 1975; Bach 1975). However, 
the important qiestion is: what will the regional thanges of temperature 
and rainfall be? Studise with clinate models and of clite observations 
(1.NEiP, 1979) indicate that the regional anomalies would occur, but the 
sign, magnitude and location of these anomalies cannot be reliably pre-
dicted at present. Thus it is not possible to make a detailed assessment 
of the impact on agriculture, water resources and h'wnan society, but it 
a doubling of the atmospheric 002  concentration were to occur within the 
next hundred years, then the change in globally averaged sm—face teciperature 
would be greater than nature.l changes which have occurred during the last 
few thousand years, and this must be expected to have an impact on natural 
ecosystems as well as buii.n activities, 

In view of the concern about the 002  problem, several measures have 
been suggested to limit the amount of 002  going into the atmosphere, to 
remove 002  from the atmosphere or from the stacks of power plants, or to 
generate a climate cooling to compensate for the CO2  induced. warming 
(Marchetti, 1979). However, most of these measures are very costly or 
require a scale of operation presently not undertaken with technologies. 

With regard to the input of 002  from foail fuels into the atmosphere, 
a continuation of the present increase of 49,per year in the 002  Input will 
probably lead to significant increases in the atmospheric 002  concentration 
within the next 50 years. Energy conservation is an important factor in ener' 
strategies that would lead to significant reductions in energy d.esnd, a 
process which would be of great importance in controlling the 002  problem. 
In contrast, recent responses to the "energy crisis" in the form of expansion 
in coal utilization on the develoinent of some synthetic fuels will add to 
the problem. 

The major uncertainties with regard to CO
2 
 at the present time con-

cern the role of the terrestrial biote. in the ca?bon cycle and the regional 
climatic impacts of an increase in the atmospheric CO, concentration. Until 
these uncertainties are resolved., it is not possible o say that the 
combustion of fossil fuels should be limited or halted but it is likewiae 
irresponsible to say at the present time that the use of foeil fuels should 
be increased* Accelerated research efforts should, therefore be directed to 



- 71 - 

eliminating these uncertainties; in particular, a detailed assessment is 
required of the present rates of deforestation and soil destruction and 
associated fluxes of 00?  into the atmosphere, further information is also 
needed regarding historic trends in these processes and regarding other 
changes in the terrestrial biota, which could also influence the 
atmospheric 002  concentration. 



223. Like any other power station, the interaction between fossil fuel 
fired power plants and their surroundings has received considerable 
attention, The impact that a power station may have on the environment 
depends to a large extent on its location with respect to the load 
centre, populated areas, open water, agricultural land ... etc. 

224, The siting of thermal electric generation power plants has recently 
become more complex. As the sizes of generators, boilers, and associated 
equipment have grown the problems of site location have increased. The 
preBent-day concepts of large fossil fuel fired plants will be met with 
greater problems of air and water quality control, as the number of plants 
to be constructed increases. There are several parameters that govern the 
suitability of the site of a power plant: the geological conditions of the site, 
the meteorological, parameters, the availability of areas for fuel storage and 
disposal of wastes, terminals for the transportation of fuels to the plant, 
switchyard areas and location, access to transmission lines ... etc. The 
near-by availability of a source of cooling water is one of the most 
important pre-reqtdsitea in the selection of a site. The fossil fuel fired 
power plants, land requirements may vary from plant to plant depending on 
the situation of the plant with regard to open water, population areas and 
meteorological conditions. The average size requirement for a 1000 1W(e) 
plant varies from 80-120 has Additional land is needed for the switchyard 
and transmission lines, For coal-fired plants some additional 10 ha may be 
needed for coal storage at plant, 

Thermal Dischar: 

225. The heat produced by burning fossil fuels is extra-oted through suit-
able coolants which in turn runs a turbine to operate the generator to 
produce electricity. At the exhaust of the turbine the steam is condensed 
to water to maximize the energy conversion and then is returned to the boiler 
to repeat the cycle. A large amount of heat is rejected in the condensing 
process, and the rejected heat is greater than the heat equivalent of the 
electric energy generated. The thermal efficiency of modern fossil fuel 
fired power plants is approximately 38-40'jo which means that about 60 of 
the heat energy generated has to be rejected to the environment, in the 
vicinity of the power station. 

- 72 - 
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The bulk of the waste heat is transferred from the steam to the 
cooling water in the condensers. dater is corunonly used as the absorbent 
because of its general abunlance, low cost, high specific heat, and ability 
to dissipate heat in the evaporation process. The cooling water is extracted 
from some suitable source (river or lake ... etc.), passed through the 
condenser where its temperature is increased by about 7 00, and returned to 
the source body of water. Erentually the warmed sink gives up this extra 
heat to the atmosphere. Such a system, which is referred to as "once-through" 
cooling, may cause unacceptable environmental changes. In such cases, it is 
necessary to eliminate thermal discharges to the water source by passing the 
heated cooling water through a separate "cooling pond" or "cooling tower" 
system and then returned it to the condenser for re-use. 

A cooling pond is a large, shallow body of water that achieves its 
cooling by natural evaporation. '1arm water from the condenser is pumped 
into one end of the pond and cooler water is extracted from the other end. 
A source of make-up water is required to replace the water bat by 
evaporation (usually about 3-55 of the water throughput). Cooling ponds 
are relatively inexpensive but require a rather large land area. A 
1000 W(e) plant may require about 400-1000 ha. Sometimes the water is 
mechanically sprayed into the air to enhance the evaporative cooling, in 
which case it is called a "spray pond". 

Cooling towers can be classified as wet or AU, Wet cooling towers 
achieve cooling by evaporation, and so, like cooling ponds, require a 
source of make-up water. Dry cooling towers are closed systems and achieve 
cooling by conduction and convection. In such cases there is no loss of 
water. For economic reasons, dry cooling towers are very seldom used for 
power plants. For wet cooling towers, an outside source of mke-up is 
required to compensate for the water lost by evaporstion (about 3')p as 
well as water lost during "blowdown". Blowdown is the continuous or 
periodic flushing of the cooling system to remove solids and chemicals 
which accumulate in the circulating cooling water. This flushing can become 
a water pollution problem unless special treatment is provided. These towers 
also create huge plumes of water vapour which can contribute to local fogging 
and icing problems,. 

A water body provides the environment for many species of organisms, 
and changes in its temperature, chemical composition and flow rate may 
affect the number and kind, of such organisms. Thermal discharges affect 
the water-based ecosystem to various degrees (Hutchinson, 1976; Hochachka. 
and Somero, 1973,  Coutant, 1975, Biawas, 1974,  Gibbons, 1976). Heat 
influences all biological activity, ranging from feeding habits and 
reproduction rates of fish via metabolism to changes in nutrient levels, 
photosynthesis, eutrophication and degradation rate of organic material. 
It is also necessary to distinguish between thermal effects in temperate 
and tropical or sub-4ropical habitats. In temperate habitats, as water 
temperature starts to decrease at the end of the summer, the ecosystem 
activity is reduced as well. Addition of heated water from power plants 
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may -then maintain the level of ecosystem d.evelorinent. In contrast 1  in the 
tropics and sub-tropics, the water temperature would be high in sumer, and 
additional thermal input could be detrimental. This could be especially 
important for water bodies that become shallow in the sumer, and under such 
circumsta.noes, the siting of power plant becomes an important consideration. 
In any case, it should be noted that whereas many studies are available on 
the effects of thermal discharges in temperate climates, information is more 
limited on tropical and sub-tropical climates, where the effects could be 
more pronounced. Seasonal changes could be critical to certain species at 
specific stages of their life cycle (Hutchinson, 1976). Although studies have 
been conducted on a. variety of organisms, predictions as to the effects of 
temperature changes and maximum temperatures still cannot be made with 
certainty especially if the changes are gradual, occur for only a. short 
time, or - 'eot limited areas or volumes of large bodies of water. 

When properly controlled thermal discharges have resulted in an 
increase in the ability of certain commercially valuable aquatic species 
to nru].tiply, while at the caine time decreasing the time for the species to 
reach maturity. Experience has shown that at a number of plant locations 
the discharge of waste beat to a stream or reservoir has improved fishing 
in the vicinity of the discharge during the cooler months of the year. 
This increase in fish populations in heated discharge regions due to higher 
availability of nutrients has led to the apparent paradox that most fish 
kills have occurred not during the release of heated effluents but whenever 
a plant shutdown occurs suddenly due to load dumping or eguineni failure. 
This phenomenon, biown as "cold shock", reaults from the sudden cooling of 
the water plume to whose temperature the fish have become acolimatised, 
leaving them with a suddenly reduced body temperature, in a state of stupor, and 
suffering a loss of equilibrium (Coutant, 1977).  Unless the temperature is 
raised again quickly, the fish may die in a matter of minutes or a few hours. 
The effect is most pronounced during the cold season when ambient water 
temperatures are low. It can be minimized either by lowering the temperature 
slowly to give the fish a chance to adjust to the new temperature or to seek 
other pastures, by diffusing the heated water wall, or by combining the 
discharge mixing zones of several plants so that the shutting down of any one 
plant has a less drastic effect on the temperature of the receiving water. 

Another major cause of fish kills in the entrainment of small fish 
in the intake water at velocities too high for them to escape, leading to 
death either by impingement on the trash screens or by thermal shock as 
they are carried through the condenser pipes. Thus, the use of water for 
cooling purposes at steam-electric plants may have effects on aquatic 
organisms other than those resulting from purely thermal discharges. The 
destructive effects of passing fish and their larvae or eggs through pumps 
and condensers may indicate the need for intake screens, preferably with 
travelling screens having little or no impingement velocity. The most 
visible environmental impact of some power plants has been due to fish 
kills resulting from improperly designed intake structures, leading to 
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impingement and mutilat ion of passing fiah on the trash screens. Most 
recent designs incorporate wide-intake, low-velocity systems with trash 
racks whose main function is to remove driftwood and other solids, with 
finer screens to remove algae and other entrained plants and animals, 

Before enteriri,g the condenser system the water has to be purified, 
softened and d.emineralized, so that the water leaving the plant will be 
cleaner than the inlet stream. In addition, chemicals used intermittently 
for defou.ling the condensers could adversely affect fish and fish food. 
organisms. Thermal discharges enhance the salability of chemicals and 
the rate of biochemical reactors, and this rrm.y be significant in view of 
the wide range of plant chemicals, such as detergents, algicidea, 
corrosion inhibitors, that may be contained in the plant effluents 
(]LEL, 1975). 

Much has been written and experience acquired about the possible 
beneficial uses of thermal discharges (Belter, 1975; Ik'.A,  1 9751 1977; 
Biowas and Cook, 1974;  Lee and Sengupta, 1977)  from power plants. Of all 
beneficial uses, the most promising appears to be the employment of waste 
heat for residential and industrial space beating in the winter and 
absorption-type air conditioning in the suirner. Such waste heat 
utilization for district beating has been demonstrated successfu].ly in 
several countries, for example in Sweden (Josefoson and Thunell, 1967), 
West Germany, Finland, France and the U.S.A. Agriculture is also a 
potential user of waste heat. Irrigation with heated water could promote 
winter aeed germination and grow-th and extend the growing season. Hot 
houses are used to grow tropical or sub-tropical crops in more temperate 
regions. However, a number of problems need to be solved before large-
scale use of heated water for irrigation could become common practice. 
Also, the effects of any plant shut-down on such uses of warm water has to 
be explored. An obvious advantage of raising the temperature of the 
receiving body of water is in the provision of ice-free shipping lanes and 
ports. However, the range of waterway affected may be limited to 16-30 1 
of ice-free water, and the adverse effects on the eoo].or would be most 
pronounced during the summer months. Another potential use of condenser 
discharge water is in aquaculture. Marine and freshwater organisms may be 
cultured and grown in chaiuiels and ponds fed with heated water. For example, 
it may be possible to grow corrinercially valuable oysters in the area where 
they cannot normally reproduce or survive due to low water temperatures. 
Culture experiments with shrimp, eel, white fish and other species have been 
carried out with thermal discharges in some countries, and it has been 
reported that growth rates measured for shrimp and snapper are much higher 
in the 70-80C warmer discharge water than at natural temperatures (:Belter, 
1975). In the U.S.A., catfish production operations are being carried out in 
conjunction with steam-electric power plant operations in Tennessee and Texas. 
Aquaculture is also practiced in France and other countries. 
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T1'SZlSIfliBBiOfl Lines: 

The environmental impact of high-voltage transmission lines* may be 
Considered with regard to six aspeots: aesthetic considerations, land 
requirements, oonmiunica.tions, hazards, ozone, and habitat effects. Sinoe 
underground lines at this time are limited to 250 IcY and to short-range 
distribution systems, high-voltage transmission lines will rnain part of 
our environmental some for a considerable time. Efforts have been made 
to design more attractive towers and to select cables permitting longer 
free distances between towers. Routing can take advantage of topographical 
features to reduce visibility, and use of higher transmission voltages will 
reduce the number of lines radiating from major power centres. Ind 
requir3mente will vary with the number of hues and the height of towers, 
but -tfl. 'ight-of-way for major transmission lines may be 30-120 m wide. In 
general, use of the land below the lines is restricted to pasturing or low-
intensity farming, though in most cases the utility may be sole owner of the 
right-of-way, may keep it fenced and restricted. In any case, it is evident 
that the land demand for easements associated with any new power station that 
may be 60 ions or more for major load centres will greatly exceed the land 
area of the plant itself and of the exclusion area. Regarding conmnuiicat ion 
problems, high tens ion lines may cause some interference with nearby radio and 
television reception and may introduce fluctuation on signal strengths on 
windy days or under icy conditions. Tall towers and multiple lines may pose 
a hazard to air traffic, partiou.1.arly under conditions of poor visibility, and 
air traffic terminals need to be suitably located. 

Ozone may be generated by any corona or electrical discharge in air 
or other oxygen medium. The quantities produced depend on the severity ,  of 
the discharge and the quantity of oxygen in the affected volume. Corona 
discharges can increase as a result of abrasions, corrosion effects, 
foreign particles or sharp points on electrical conductors, or incorrect 
design that produces excessively high potential gradientso Experimental 
work has been conducted to determine the added ozone production around a. 
1000 Icy high-voltage test line. The results showed an insignificant 
increase in ozone concentrations over that produoed by sunlight. 
Consequently 1  current types of high tension lines are not expected to 
produce harmful ozone concentrations. 

Power line right-of-way has great potential as a wildlife habitat. 
Shear clearing through heavily forested areas is not inconsistent with 
good forestry and wildlife manageunmit practioeo. A coismon management 

* Kigh.vol+age transmission lines are oonmon to all electric power 
stations: nuclear, fossil-fueled or hydro-electric. 
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practice in large sections of unbroken forest land is to open the tract 
by means of small, evenly spaced clearings. The rationale for this 
practice is -to provide diversity and food in the forest environment. 
Wildfires originafly provided this type of habitat. Power line right-
of-way creates long linear forest openings that are indefinitely 
maintained to prevent power outages • The sunlight penetrating the 
forest via the right-of-way stimulates understoray growth ad.jaoeni to 
the power line. Periodic line maintenance may perpetuate these beneficial 
wildlife habitat conditions. 

Transmission lines can have adverse impacts when crossing wetland 
areas. There is some evidence to indicate that behavioural modifications 
may occur for waterfowls, which could result in the absence of birds 
covering an area within 1 3cri of the transmission lines. The swaying of 
the lines in the wind, their reflective properties, and the huimning of the 
lines could explain the abnormal behaviour of the birds. Direct current 
transmission could also have effects on migratory birds using magnetic 
homing. Electric fields associated with a transmission line can produce 
a. charge on aniils or huran beings, within the range of its influence 
(Janes, 1 977). Questions have been raised on the resultant effects of this 
displacement of currents on biological systems, but this is normally well 
below the values generally accepted as "safe" levels. Comprehensive reviews 
of existin studies on biological effects of high voltage electric fields are 
available (Kaufman and Michaelson, 1974; Bridges, 1975, 1977). Kaufman and 
Micbaelson (1974)  conclude that "research to date has failed to provide 
convincing evidence that human exposure to stationary or low-frequency 
electric fields has any harmful biological effect". According to Bridges ( 1 975), 
"although the great bulk of evidence suggest that there are no significant 
effects of electric fields encountered under extra.-high voltage lines, 
further research is needed". 

Aesthetic and Recreational Factors: 

Power plants vary widely in the visual impression they make on the 
viewer. Depending on one's point of view their appearance may be judged 
as blending harmoniously with their surroundings or an an insult to an 
otherwise attractive countryside. Objectively, suitable architectural 
treaent utilizing colours and textures, reflections in cooling ponds and 
a distribution of masses can do much to enhRnoe the plantB' appearance. 
There has been some objection to the appearance of tall hyperbolic cooling 
towers. To the observer who does not cherish their stark graceful lines 
they may appear objectionably obtrusive. Attempts to camouflage them by 
painting them or surrounding them with a shroud rarely have been successful; 
where their appearance is considered unacceptable, alternative means of 
providing comparable cooling capacity may have to be explored.. The 
aesthetic impact of high voltage transmission lines has also been criticized. 
At the voltages in coimnon use, 230 kV and 500 kV, underground lines are not 
feasible now. The plant location and power line routing should not therefore 
impinge on areas valued for their historic or touristic significance. 
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The rising global demand for energy has been met to an 
increasing exten't by the use of foil fuels, epecially oil, which 
were cheap and plentiful. Recently, many countries have realized 
that non-renewable sources of energy are finite in extent and that 
diverificat ion of energy sources is a must for future develojment. 
Concern for future energy supplies is refelected in the programmes 
of many national governments and in the effor-La being made by a 
number of international organizations to assess global energy resources 
and possible rates of supply and substitution. Eiergy policies are 
nowadays influenced by several factors: population growth, level and 
nature of eocio-economic activity, -the relative costs of energy, the 
adequacy and reliability of supply, the availability of technology 
and supporting infrastructure, the success of energy conservation 
programmes and concern about the environmental and safety aspects of 
production and use of energy. 

At local, national and in some cases regional levels, the 
environmental aspects of energy production and use have become the 
subject of wide-ranging debate. Rvironmental awareness and anti-
pollution campaigns have affected the formulation of energy policies 
in many countries, and it has recently been realized that nations are not 
isolated in this respect: the actions of one country may affect the 
environment in a neighbouring one. Environmental objectives should not, 
however, be seen as being inconsistent with, or as imposing constraints 
upon, energy policy. A balance should be maintained between the need 
to preserve and improve the quality of the environment and the socio.-
economic goals and needs which depend on the availability of energy. 
Nowadays, energy policy decisions are dictated lees by technological 
than by social, environmental and political factors. Although some 
countries are sensitive to the environmental aspects of energy 
production and use, there is still need for a comprehensive and more 
coherent consideration of the subject. 

Fossil fuels (coal 1  oil and natural gas) are used for many 
purposes: domestic, industrial, transportation and for electricity 
production. The production, transportation, processing and use of 
fossil fuels have several environmental impacts; some are substantial 
and others small, some important and others of little consequence, 
some of short duration and others with long term effects and they might 
occur in different geographic areas and might affect different 
communities in different ways. For many environmental changes which 
are identified as impact a, the state of knowledge and technology will 
often only permit a qualitative aseeanent. Only in a few cases is it 
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possible to evaluate an impact quantitatively. Since fossil fuels 
account for about 75 per cent of the world electricity generation, the 
environmental impacts of the coal, oil and natural gas fuel cyciee 
have been quantified in this report - when feasible - on the basis of 
1000 XW(e)y for eay comparison between the different cycles. 

Coal mining has a number of environmental impacts. The 
occupational hazards, especially the incidence of black-lung disease 
(coal woker'a pneumoconiosia) are more marked in underground than in 
surface mining. The estimated, fatal and non-fatal accidents in coal 
mining are about 06 and 45 per 1000 MW(e)y in underground mining; 
the figures for surface mining are 0.3 and 16, respectively. In 
underground coal mines the number of occupational deaths per 1000 MW(e)y 
is of the order of 0.21 • It should be noted that these estimations 
would vary from country to another depending on the safety measu.res 
adopted to reduce such occupational hazards. 

Coal mining especially surface strip mining, has a potential 
impact on land. The land area disturbed vary according to the 
geological occurrence of the coal-bearing formation and its character-
istic. Where surface mining is carried out in densely populated areas, 
it has a direct effect on human settlements and the total infrastructure 
in the area. Reclamation of strip mined areas has been successfully 
achieved in several countries. Both underground and surface coal 
mining have an impact on the water resources in the area of mining. 
Acid, mine drainage has altered the water quality of more than 10,000 Ian 
of streams in the U.S.A. and has reduced or eliminated aquatic life in 
many of them. Different methods for treating acid mine drainage are 
biown and stringent control measures are implemented in some countriea 
to avoid the hazard of acid mine drainage. 

Coal conversion processes are dually oriented: (a) to oonvert 
plentiful coal of different grades into scarce liquid and gaseous fuel 
and (b) to remove or treat, during processing, environmentally 
unacceptable or health - endangering compounds. Eowever, coal conversion 
involves the handling of large amounts of coal often at high 
temperatures and pressures; it requires containment and control of both 
highly corrosive process materials and those that pose a possible health 
threat; and it calls for treatment and disposal of a voluminous solid 
waste and a possibly hazardous liquid and gaseous waste. Knowledge of 
these wastes and emissions and their environmental impacts is still 
incomplete. 

Erploration and production of oil and natural gas, whether 
carried out on land or offshore, have a number of environmental impacts. 
Besides occupational hazards, offshore operations are of concern 
because of the possibility accidental oil spills. - Although some field 
studies have ahown that there is no ecological damage due to offshore 
operations,further studies are necessary to determine the long-term 
effects of hydrocarbons, accidentally spilled or resulting from noI,Dal 



operations, on the marine ecoystem. This is particularly important 
for sensitive eco-zones such as tidal marahea, coastal wet lands, river 
swamps and aheltered bays. 

Marine oil transportation is the most important means of 
transporting oil from oil-exporting to oil-importing countries. Although 
the world tanker fleet generally has a good safety record, the fact 
that ships today are so much larger than they were 20 years ago means 
that the consequences of an accident are potent iafly much greater. 
Experience has shown that such incidents can have serious effect upon 
the environment and marine life, damaging such important resources as 
fisheries and touriem for low periods Although oil spillage from 
transportation (including normal and terminal operations) account for 
about 35% of all oil discharges in the sea, the consequences of a 
major spill near coaetal zones are far reaching. The environmental 
impacts of such spill depend on the composition of the cargo (whether 
crude oil or refined products) and on the climatic conditions. The 
cleaning-up operations depend on a number of factors: ecological and 
oercial interests in the site of the spill, legal interests, 
technical factors and the oo.t of the cleaning-up operations. 

Oil refineries are large industrial installations with air and 
water emissions, large water requirements for processing and cooling - 
unless air cooling is used extensively - and safety problems due to 
the risk of explosions and fires. The most important emissions from 
refineries are airborne effluents (so , organic compounds, NO , CO 
and particulate matter) and liquid effluents. The latter confain a 
variety of compounds, the most important of which are oil and grease, 
phenols, aisnonia and suspended and dissolved solids. These wastes 
are normally treated and the effluents discharged from most refineriee 
contain low conoentrations of such pollutants. 

The exploitation of oil shale raises a number of economic and 
environmental problems. The environmental disruption associated with 
oil shale mining is typical of that of any large surface or underground 
mining operations, except that size of the operation will mean that the 
scale of the disruption will be much greater. In the case of surface 
retorting (recovery of oil from shale in a retort 'vessel) the disposal 
of spent shale will create land disturbances of large magnitude, 
accumulation of toxic substances in vegetation, and contamination of 
ground and surface water from runoffs. The oil shale industry will 
exert a poential impact on local water resources due to the demand 
for clean process water, the need for removal of process effluent 
discharges and mine dewatering. 

The environmental effects of large scale tar sands developnent 
can be widespread and severe, if insufficient planning and financing 
accompanies such develoznent. Land disturbance during the mining 
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of tar sands can be appreciable. The mine area can be restored as in 
the case of a surface coal mine, with one exception, the reclamation 
and revegetat ion. The most abundant solid waste material in the process 
of extraction of oil from tar sands is the mineral matter sent as 
tailinga to the settling pond. 

The combustion of foeil fuels( coal, oil, and natural gas) 
give rise to a number of airborne effluents, the most important of which 
are sulphur oxides, nitrogen oxide, carbon monoxide, particulates, 
organic compounds, trace metals and radionuclides and carbon dioxide. 
The quantities of these emissions vary according to the fuel used., its 
composition and the measures adopted at the power plant to reduce the 
emissions. 

Man-made sulphur emissions account for about 40 per cent of the 
global sulphur budget of the atmosphere; 75-85 per cent of these man-
made emissions are from fossil fuel combustion. Sulphur is normally 
emitted from power plants as 502  which is rapidly oxidized to S0 and 
converted to sulphuric acid aerosol or to aulphatee. These oxidt ion 
product s affect a wide variety of materials: plants, soil and other 
components of the biosphere. Sulphur emissions contribute largely to 
acid precipitation which has led to the acidification of several fresh 
water bodies in some countries, with consequent detrimental effects 
on aquatic life. 

One of the primary problems in determining the health effects 
of sulphur dioxide and other emissions continues to be the develoinent 
of an understanding of the manner in which these pollutants interact 
with one another in the atmosphere. Knowledge is insufficient to 
relate each airborne pollutant independently to health. The effects of 
airborne pollutants have been quantified in studies on animals, plants, 
in studies on man and in populations occupationally exposed to high 
levels of mixtures of different pollutants. Exact estimates of the 
hazards oannot be precisely difined without b'owing the interact ions 
creating the damage. Most epidemiological studies show good correlation 
between part iculates and health effects; the correlation between 502 
and health effect s is less sharp, and it has been difficult to show 
correlation between impaired health and nitrogen oxides or oxidants. 
Particulatea, especially fine ones that cannot be removed by present 
removal devices, one of particular concern because they can lodge easily 
deep in the lungs. Thace elements, polycyclic aromatic hydrocarbons, 
and other compounds adsorbed on these particulates increase the d.SRege 
through mWnergistic effects. 

Concern has been recently voiced at the implications of extensive 
coal utilization, especially its possible impact on climate. The 
atmosphere is believed to show a warming primarily due to the greenhouse 
effect of increasing carbon dioxide emissions. Studies with climate 
modela and of climate observations indicate that regional ancmaliea 
will probably occur, but that the magnitude and impacts of these anomalies 
cannot be reliably predicted at present. The medium and long-tenn 
effects of such posBible climatic changes are of auch fundamental 
tmportaie that they command serious attention. 
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254. The thermal efficiency of modern foil fuel power plants varies 
from 38-40, i.e. about 60f of the heat energy generated has to be 
rejecied to the environment, in the vicinity of the power station. 
These thermal discharges can have detrimental effect B on the water-based 
ecosystems and/or cause micro-climatic changes. However, thermal 
discharges have been put into beneficial use in a number of cowrtries 
and further develciinent prospects are under investigation. 
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I. Background Ppers and Information 

.okgraund papers were prepared by: 

 L. Preiberg (Health effactu of air pollution and 
trace elements) 

 B.F. St. John Tar sands) 
3, T. Tamawa-Tomaazkiswicz Coal) 
4. H. Waldiohuk Marine transportation of fossil fuel) 

lFossil 5 J. Williams fuels and climate) 

Additional information were provided by 1100 1  BCE, OECD, IAEA and IPTECA. 
Background papers for the UNEP seminars on Petroleum Industry and Motor 
Vehicle were also taken into a000unt in addition to inforiztion gathered 
from literature. First and final d.reta were prepared by Easam El-H1-mawi, 
Chairman, Energy Task Force, UNEP on the basis of this background material. 

II. List of Partioipanis, Fossil Fu.el Panel 
(Warsai 17-21  April,  1975) 

Aiwser 	 National Oil Corporation 
Gas Projects 
P.O. Box 2655 
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A. Beba 	 Department of Chemical Engineering 
EGE University 
Bornova 
Irzir 
Turkey 

N. Berlin 	 Departmeni of Ehvironmental Irgien. 
University of Lund 
Slyeg. 21 
Lund 
Sweden 

C. Ducret 	 Econoinio Cciasion for Borop 
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Geneva 
Switzerland. 

Fargee 

	

	 International Atcsio Energy Agency (TAL) 
Krntner Ring 11 
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A-loll Vienna 
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101-104 Piccadilly 
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G.J. Po].ey 	 Organization for Economic 
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2, rue André—Pascal 
75775 Paris 
France 

G.T. Goodman 	Beijer Institute 
Royal Academy of Sciences 
Stockholm 
Sweden 
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Peking 
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W.S, Osburn 	DivisIon Bio-Med and Environment Research 
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France 
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Thailand. 
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1st Floor 
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United Kingdom 
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Titkov 

	

	 International Atomic Enerr Agency (IAEA) 
atner fling 11 
.C. Box 590 

A-1011 Vienna 
Austria 

Turyn 

	

	 General Dureau of Energy Studies and 
Projects — 11 -7hergy Proj ectT 

Warsaw 
Poland 

G.S. van der Viles 	 Shell Internationale Research 
Postbus 162 
The Bá.ue 2076 
Netherlands 

M. Waldichuk 	 Pp.cific Environment Institute 
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West Vancouver, B.C. 
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People's Republic of China 
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