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Abstract

One common source of frustration to policy makergoived in environmental
management is that mitigating measures are sonefici®ewed by a worsening of the
unwanted conditions rather than an improvementsTieper attempts to explain the
causes and suggest an effective strategy for magd@ng — term environmental changes
so as to avoid situations capable of frustratingligomakers. Attributes of soils and
sediments that cause non- linear and time- delagféects of certain pollutants in the
environment are identified as buffering capacipsorption of chemical materials and
oxygen donating capacity. Specific cases whereethaributes had affected
bioavailability of toxic and ecologically harmfulibstances in the USA and Central
Europe are highlighted. A long term strategic maaagnt of the environment which
employs a two- dimensional matrix that id entifies $ource environmentalchange on the
one axis and a small set of ‘Critical Environmenliatlicators’ (CEIs) on the other is
advocated. This method adopts the synoptic apprda@ach mplex —inter —relationships
between economic development and environmentalgphaga well as identifies both the
primary and secondary linkages between developraetitiies and environmental
transformations. This ‘Bottom —up’ approach whiakkles pollution problems right from
their cause is advocated. The need for policy makier pay more attention to
environmental monitoring systems which provideyeadrning of fundamental ecological
change is stressed.

Keywards: Acidification, Buffering Capacity, Ecosystem, Eammental Management,
Pollutants

Introduction

Disposal of industrial municipal and domestic veastinto streams, kkes, and river has
become the major anthropogenic source of surfaceemw polution. Industrial effluents

contain high volumes of carbon—containing wastest thlace a high oxygen demand on
receivng waterbodies. Indices of these oxygen almia are Biochemical Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD). hHB® D or COD reduces the

redox potential of receiving waters making them »xancthis is because the effluents
contain high concentrations of bacterial and viel which consume the much needed
Dissolved Oxygen (DO). Toxic heavy metals and oggaemicals are also generated by
industrial activities mostly from chemicak and rpehemical industries. Heawy metak for
example are generated from electroplating and métahing industries, scrap metal
recyclng, smeltng of metal ores, fossil fuel n&fg, coal mining, paper pulping etc.
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Sediments in freshwater, estuarine and marine etarsy serve as sink or source for these
toxic metak depending on their redox conditongigi®ni, 1988, Rabalaiset al., 2007).
Soik and sediments possess three important phgb@mical attrbutes which are of great
envionmental significance because of the way timlgence bioavaiabiity of toxic and
ecobgically harmful substances. These attrbutes the capacity to buffer acidity, absorb
ambient chemical materials and donate oxygen (tbeact as oxidizihg agent). They have
the ability to exhibit a delayed response to aca@kion until after a few decades of acid
depositon. The Adrondack Mountain of the USA is gnod example of soil with
moderate buffer capacity. The area covered byntusntain serves as a watershed for the
Big Moose Lake n New York where acid sensitve cige have been disappearing since
mid-1950s. This kke is one of the few examplesthe world where accurate and
extensive information exists on the trends n pHD»,®missions and fish populations. The
trends in these parameters for slightly more thaa ¢enturies are presented in Fig. 2.
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Trends in pH emissions of SO2 upwind from the Bigost Lake and fish extinctions for the
period from 1760 to 1980. The pH history was retronsed by analysis diatom assemblages in
the sediment core samples. The history of emissbri&02 upwind from the lake was estimated
from data on fuel consumption and sulphur contemtoal consumed.

Source: Stigliani (1988)

This figure reveals that the onset of decline in pks not synchronised to the onset of
SO, emssions. The sois of this area buffered acidosition for about 70 years (1880 to
1950). Even when SPemission reached a peak, the buffering capacityinced for 30
years (1920- 1950). A drastic reduction n pH latmscurred wihin a 30 year period
(1950-1980) when S©emissions had more or less stabiized. Althouga fiH reduction
was only by one unit, t was drastic because iresponded to a factor of 10 ncrease in
acidity. During this period of pH decline, atmosgbedeposition must have moved
through the buffered depleted soils and percolatetb lakes with litte or no
neutraization. At the onset of this period, acinstive fish species started disappearing
(see Fig.1).
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A qualitative representation of the effect of two major soil properties- the ability to retain
sulphate and the ahility to supply base cations -hahe rate at which streams and lak es
respond to changes in acid deposition.

Source : NRC, 1984

Other areas i literature where ecosystems have béfected by acidification in the US

and UK include Catskil Mountain, Appalachian Hiaghdl, Litle Echo Pond, Chesapeake
Bay, Colorado Rocky Bay and many more. Acd rais been harming the ecosystems of
the Catskill Park for as long as the Adirondack. il/the Catskill Park is one tenth of the
Adrondack and has fewer lakes, the lkegendary sivand trout streams have lost much of
its vitality. In New England, the hard wood forest New Hampshire Hubbard brook area
has stopped growing. Chesapeake Bay is facing ditmon known as hypoxia.

The history of acidification of the Big Moose Laldemonstrates Brooks hypothesis of
benefits and disbenefits from appication of teddgies. Brook (1986) postulated that
industrial societies gain certain socio-economiendfit’ from broad scale applications of
technologies, but such ‘benefits’ are often accamegh by ‘disbenefits’ to the
envionment as a whole. Benefits are usualy dyegiroportional to the scalke of
appication of the technology while disbenefits meagry non-inearly as shown in Fig.3.
The marginal benefit in such situations is usualyhest at the onset of production before
the disbenefits start to manifest. As disbeneficraases, marginal benefi declines
gradually. Benefits are typically manifested omasf time scalks whie disbenefits may
become obvious only on relatively ‘slow’ ones. Tlis exactly the situation n the history
of acdification of the Big Moose Lake where bugniof fossil fuek in neighbouring
industries provided energy to drive machinery ie thanufacture of many useful products
for about 70 years before the consequent effectakef aciification started to manifest.

In Central Europe, soils are generaly more registdéo acidificaton than in the
Scandnavia where the buffering capacities of saie comparabke to those of the
Adrondack Mountains of the USA. According to Alcanet al, (1987) Sulphur
depositions in the kst two decades n Central gaurbave been so high that about 20% of
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the total areas have reached their Imits for dsimg acids (i.e. with pH values less than
4). Vulnerabiity to acidificaton s a time deladedisbenefi of Sulphur emissions which
will continue to spread to Europe unless ;Sé&nissions are reduced by about 40-90% from
mobile and stationary sources (Alcaed al, 1987, SOLEC, 2009, Mayerhofegt al,
2002, Vestreng, 2001).

Adsomption of chemical materials
Researchers (Stigliani 1988, Sparks R, Nawab A l.et2803, Sassman S.A&t al, 2004)
identified four possibke pathways of chemicak ahdir degradation products when they
are introduced into the soil The pathways whicé #ustrated in Fig.4 are:

1. Rapid leaching through the soil into ground andea& waters

2. Crop uptake

3. Vohtization nto the atmosphere

4. Retention and storage in the soi

Atmosphere

Input of Retention &
chemicals storage

Groundwater

Fig. 4.

Pathways of chemical inputs to soils, pathways 1 @&Rapid Leaching through sail into water
courses, 2 is Uptak e by Plants, 3is VolatizatiorotAtmosphere and 4 is Storage and
Retention in soil.

Source: Stigliani 1988

The observable effects of chemicals that follow fiiwst three pathways occur quickly
unlike the fourth which has a great potential foonn linear and time- delayed
envionmental effects (Prechtet al, 2001). Certain toxic materials are retainedhia soil
and they are not released into the environment witien a certain threshold level is
reached. As stated previously, sediment acts asinla fer pollutants. Environmental
contaminants such as hydrocarbons, heavy metalspastitides have been known to have
direct toxic effects when released into the aquatiovionment (Forstneet al., 1998;
Fleeger et al, 2003). There is a drect link between surfacetewaand sediment
contamination. Accumulated heavy metals or orgapautants in sediment could be
released back into the water with deleterious ¢dfem the ecosystem. When for example,
large quantities of fertiizers containing nitrogesind phosphorus are added to soil to
sustain crop yiedds, much of the nitrogen are tosthe environment as it leaches rapidly
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through the soil into ground and surface waters alsd by soil denitrification processes
which by itself s a potential hazard. Nirate (B0 n drinkihg water can cause
methemoglobinemia n babies and ruminants becawsethéir stomach conversion of
nitrate to nirite is possible which can act on thH#ood haemoglobin to form

methemoglobin.  In contrast, phosphates get stroredisorbed to the surfaces of soil
particles. 60% of phosphorus applied to the soiresaned in this way, so if fertilizer

appication is intensifies, a point is reached witha soi get saturated with phosphorus.
Al soils have a definte abity to store phospigr This abiity s defined quantitatively
by an index caled Phosphate Sorption Capacity (PS& subsequent addition of

phosphorus after the PSC i reached results inadgalof phosphorus from the soi into
ground and surface waters. The time delayed betbie stage is reached is strongly
dependent on the rate of input of phosphorus aedstte of the area to which it is applied.
Soil type (ks porosity, permeability and drainagetes) and level of water ako affect PSC.
Phosphorus leakage is the princpal cause of eitajipn of waterbodies in temperate
cimates where phosphorus is the limiting nutriefit. the tropics, nitrogen is the limiting

nutrient in fresh water ecosystems, so eutropbicadiccurs much more quickly in tropical
lakes than temperate kbkes as a result of fertigppication to watershed sois. It is
certain that in future, the PSC of watershed sioisthe tropics would be reached and
phosphorus leakage would compound the problem wbghication.

In additon to phosphorus, toxic materials from teominated fertilizers and organic
pesticides also get adsorbed to soil substratesl tgmes and other physiochemical
conditions interact in a complex way to determitee tmechansm of retention of these
toxic materiak in the soil. For example, heaw awtare exchanged for cations lke
calcium and as soon as their sorption capacities raached, these toxic materials become
available for uptake by edble plants. Sois thaveh been extensively cultvated and
heavily fertlized are bound to have low sorptiompacities for heavy metal, organic
pesticides and other contaminants. This is becduge inputs of nitrogen fertiizers and
removal of crops make the soi more acidic theredmgravating acidification problems
caused by acid depositon from combustion of fo$séls. Crops grown on acid soils
therefore continue to take up and accumulate cangms long after they have been
introduced into the soil This is another exampfe time- delayed disbenefit of human
activites. A way to ameliorate acidificaton effecis to apply lime. Liming is the addition
of cakium primarly {CaC@} to neutralise acidity in water or soil and buffétem from
rapd flocculation in pH. This is because the hyites of many heavy metals are
insoluble; when their pHs are adpusted insolublenfgrecipitate. This is however not cost
effective, most especilly for small scale subsisee farmers in the tropics.

Oxyge n donation

Al living organisms require oxygen for biochemicanergy production. The ability of
microorgansms in both soil and water to utiize lewalar oxygen for this purpose is
imited as a resut of the relatively low solulilitof oxygen- containing compounds for
oxygen. Such compounds in the soil and sedimemsnirates N@, Sulphates S¢ and
Carbonates C&. The oxidation effciencies otherwise caled ptisgnof these radicals
differ hence extraction of oxygen from them by minganisms occurs in a stepwise
fashion beginning wih the radical with the highestdox potential.
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In a relatively unpolluted waterbody or waterloggsal, carbon level s below 4mg/L and
molkecular oxygen is availablke to break carbohydraiecarbon dioxide and water n an
energy releasing process inside the microorganigdesygiration). If extensive organic
matter e.g. from sewage is introduced to the wathrbor waterlogged soi, carbon
exceeds 4mg/L and a drop in redox potential ocand microorganisms start to obtain
oxygen for respration from nitrates (see fig.5).

o .
- CH,0 + 0meCOf H,0
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Fig. 5.
Schematic representation of the order in which mi@organisms select oxygen-bearing
molecules for oxidation of organic carbon to carbondioxide in oxygen-deficient
environments.
Source :Stigliani 1988

Nitrogen and carbon dioxide are given off in thegass of nitrate reduction. If the sewage
contains industrial effluents, toxic materials suab heavy metak or pesticides, t forms
complexes wih manganese, aluminium or ron oxigessent in the waterlogged soi. As

redox potential reduces further, oxygen demandft sbi the complexes formed by the

toxic materials designated as X (n Fig 5 and naaege, aluminium or iron oxides with a

consequent release of carbon dioxide and the hewetals. As carbon levek approaches
30mg/L, sulphate and carbon dioxide discharge gic tsubstances into sea water does not
have any immediate deleterious effect on marine liecause they are transported to the
sedments and immobilised. If cleaner effuents asebsequently discharged into

previously contaminated seawater, the resultingemsed acidity (pH) and redox potential
(Eh) of the seawater wil favour the solubilty ofie previously immobilised toxic heavy

metal and other contaminants. Cadmium for exanmplea iheavy metal that exists in the

water in soluble form as Gdat low pH and a high redox potential (see fig. 6).
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(Water soluble)

Redox potential (E h)

Fig. 6. Acidity PH

Fields of stability of solids (signified by ¢) angredominant dissolved cadmium species in
system Cd+ CQ+S +H0 at 25¢C and 1 atm . In relation to redox potential (Eh) ad pH
Dissolved cadmium activity, 10-7.05mol/L, dissolve@O; and S species, 10-3 mol/L
Source: Hem 1972

Although every heavy metal has its own unique ch&mitheir Eh-pH curve revealed that
increased acidity and redox potential favours thabilty of the water soluble ions
(Schuiling et al, 1988, Delai Sunet al, 2001, King, 2006 ). For example, in the
Honnedaga Lake les in the southwest of the AdaeRkd acid rain has kiled nearly all of
its fish. As acid rain leaches toxic metak like #Abm rocks, sediment, and decaying
plants where it otherwise would have remained ihaamless state, the fishes unable to
absorb oxygen because of increase in acidity slsulffocate. This phenomenon explains
the observed worsening of polluton problems aftdratement measures. A lesson to be
learnt from this is that tme- delayed effect ofliyion could be triggered off by
abatement measures. This is one of the reasons poliytion is best controlled by
avoding it completely(Prevention is better than cure).

Manageme nt of sumprises

Ecological changes that may occur over a periodtioke that is short relatve to the

response time required for implementng mitigatigtrategies have been termed
surprises’ by Stiglani1988). Such changes areuditb about by activities lke energy use
and agricultural, industrial, commercial and doticesactivies. Usually polcy makers

and the general publc alike always expect thatective measures should be followed by
an improvement rather than a worsening of the utedarconditons. In reaity, this may

not occur and it is a source of frustraton to qypimakers. In order to avoid such
frustrations, strategies for managing long-termirenmnental changes must be developed
in such a way that ‘surprises’ are anticipated. Qifiesuch strategies employed a two-
dimensional matrix that identifies the sources orenmental change on one axis and a
small set of CEIs on the other. According to CI41l086), the advantages of this method
include the following:

51



Management of Long-Term Envronmental Changes @aBgeindustrial Pollution. Adelagun & Badejo

1. Incorporation of the synoptic approach to complaxerirelationship between
economic development and environmental change and;

2. Ease of analyss as a result of condensation of nimmber of indicators to a
definite and small set.

This method identifies both the primary and secondinkages between development
activites and envronmental transformations. Sdaop linkages occur when a specffic
development activity affects a given CEI through @mtermediate nfluence of another
indicator. The possible primary and secondary amton between development activites
and environments are presented in Table 1.

Table 1. Combined primary and secondary imteractions between development
amd environment. Source. Stigliani {1988).

Scarces “:_j (Agricultomal Soily) Accommlstion
1 z E) +
Hemvy molals, FAHS
Energy Uas Achd depogition Energy Uas Enarpy Use Tncrensed Jewching of metals
o wrestial LT
aresakt of acidificatica of solls
5 [ L]
= = = .Ih“lﬂ ! ] }
Liming sogments | smbmarged ripari: b nitrades leaching to
socption iticn; | weoads aa sink for water bodies
ocisution of Lnming | nitraken
will dimimish fhem
] 10 11 12
Beavy metals toxie | Hewvy metals oxic
i chrammical i vhermical
Industrinl Acommlstion of heavy metaly
Activities n sediments mader Jow redox
conditions caxmed by
discherpe of chvaryical with
kigh COD
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Commescial and DHecharps to wtar of | Heerwy mostala toxie
Domestic organic carhon chemicals
A ctivitica chanvicals with bigh | Acconeglstion
CoD mptals in sediments pder
lorer redox conditiong caused
by dmchargs of chendeal
high COD

* Text vader double lnes describes seconsdry mtarsctions

Interactions from energy use:

One primary effect of energy use on a CEI is thatnibg of fossi fuels in energy

production processes causes a depletion of buffedapacities of soi through acid

depositon defined as indirect effect of sulphurd amtrogen pollutants that are discharged
into the environment by industrial activites. @50, Polynuclear Aromatic Hydrocarbon
(PAH) and heawy metals (Pb, Cd, Ni, V, Cu) whicle aontained in trace quantties in the
fossil fuels are voltzed during combustion andngported through the atmosphere
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before they are deposited in the environment. A# ®come more acidic, toxic heavy
metals are leached from sois into groundwater sumdace waters and they also become
avalable for plant uptake. This is a secondargraxtion between energy use and a CEI.

Interaction from agricultural activities:

Drainage of wetlands that are rich in S increades tedox potentiak of sail thereby
causing oxdation of sulphides to sulphates. Locehditions such as acid depositon and
presence of pyrite minerals (FeS) may cause thphatal to be flushed out as sulphuric
acid (H.SO4) thereby causing rapid acidification of soils asdbsequent acidification of
receiving waters. This phenomenon has occurred akelL Blamissusion in Sweden
(Renberg, 1986). When phosphate fertiizers ared use reduce the sorption capacty of
agricukural soil, cadmium is hadvertently introdd into the sol as an impuriy.
Phosphate fertizer has varying amount of Cadmiamd other metals from the Rock
Phosphate (RP). In nature Cadmium (Cd) and Zinc) (@re highly associated. Other
heavwy metals also accumulate in the soil as contted manure and sewage sludges are
used as fertiisers and pesticides to control pesAdhough these conditions are
ameliorated by liming, they encourage run-off inteater courses and seepage into
groundw ater this is because whie the major planitiemt added with sludge for example
are subject to the plant removal and leaching, bavy metals wil reman n the soi for a
much longer period of time. The accumulation of agetin soils thus becomes a long —
term potential for phytotoxicity.

Interaction from domestic and commercial (municipal) activities

Day-to-day activities of man in the non-industrisgctor most especially in the thickly
populated industrial areas generate a lot of wasteh also places a very high demand on
receivng waterbodies. Like industrial waste, dotwesand commercial (municipal)
sewage increase BOD or COD of water bodies and assalt produce anoxic condiions.
In places where refuse is burnt ndiscriminatelgxic chemicals are relkased into the
atmosphere. Dioxins and PAEs for example are rettd#to the atmosphere when phastics
are burnt in open dump sites. Other toxic matenalich are usually released into the
envionment during the dissipative end use of @erta&onsumer products lke
pharmaceuticals and personal care products evignfimd their ways into sediments from
where low or high redox potentials can either eragel or discourage their release into
aquatic ecosystem. In freshwaters, low redox pileBincourages mobilsation while in
estuarne ecosystems, the reverse occurs (Stigli@88, Ohlingeret al.2000, Alewelet
al.,2000,Armbruster 1998, Manderschedd al,2000).

Future outlook of the e nvironment

Scientists beleve that the present changes inetdronment should not be attributed to

anthropogenic events alone. Francis, (1994) do agrvee totaly wih Stiglani (1988) that

our generation has created an environmental ‘tinoentd whose tickling has akeady

started. These scientsts however found it extrgndéficult not to admit that the rate at

which the folowing changes in the envronment twet to occur has been increasing in

the past decades despite attempts to stop or reatece:

- Acdification of the soil

- Saturation of sois by phosphates and subseglgsathing into the ground and
surface waters
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- Anoxic conditions and emissions of;8lin coastal waters

- Bleeding of toxic heavy metals from contaminatedtuaries sediments

- Release of toxic metals from agricultural soidan

- Changes in soil redox conditons due to dryingup- of wetland and moisturisation
of dry lands.

These changes suggest that mankind has starteihgrethp disbenefits of socio-economic
development which in the past provided rapid shderm economic benefits (see Fig.3).

Marginal benefit

Benefit or disbenefit
Marginal Benefit

Marginal benefit

Fig. 3. Scale of production or application —Cu—(
Varation of benefits and disbenefits of a technolyy with scale of production. The net

marginal benefitis a derivative of the differencdoetween the benefit and disbenefits curves.
Source: Brooks 1986

The most disturbing aspect of this developmenthist tadjustments in such certan cases
are too late because the environmental degradatiomuestion may be irreversible. It

seems as if our obigation to future generationstoisstop the tickling of the ‘bomb’ by

evoling a monioring system wih early warning guial of environmental threats. This

is an essential component of long —term strate@nnmg for the ecological sustainabiity

of the environment.

Environme ntal monitoring syste m:

There is no direct linkage between cause and effacecological changes that are delayed
in ime n respect to the source of change. Thibeasause the source of polution acts on
the environment through ntermediate step. Thip gjenerally involves a depletion of an
envionmental aftribute through the accumulation tbé pollutant. Because this depletion
appears as a sbwly changing variable in time,ffers iself for monitoring and possble
manipulation in order to avert the ecobgical chearmy surprise it may lead to. The history
of acdification of the Big Moose Lake describedrlien can be used to illustrate this
phenomenon. Data on $SCemissions, pH of the lake and fish species papolaare all
inadequate to predict future of acidity of the kKeather, the buffering capacity of the
watershed soil alone is the key indicator of futuexels of acdity of the lake. This
bufferng capacity depleted slowly and gradually 0 years before the effect on human
activities on Lake Acidffication was observed (digs. 7a and 7b)
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Human Activity Intermediate Stef Observed Effect

Burning of Depletion of soils Lake Acidificatior
fossil fuels buffering capacity

Indicator for Monitoring
(a)

Human Activity Intermediate Step [ntermediate Step Observed Effect

Drainage o o
of Change in soil's Depletion of soils Lake Acidification
Wetland redox potential buffering capacity

Indicator for Monitoring

Fig. 7. (®)

lllustration of link ages between human activity (caise) and lake acidfication (effect).(a)
simple linkage (b) complex linkage

For an environmental monitoring programme to effegt provide early warnings of
fundamental ecological changes, its formulation ukho incorporate the following
considerations:

1. The size of the system’s reservor and the inpdtpdaiutants over time should be
determined in cases where accumulations and stavhgellutants occur slowly.

2. Indicators and the final effects should be quantifiso as to be able to predict the
time scale over which the system may become satlirdor multi- step processes
involving several intermediate linkages, the caogplibetween the indicator and
other intermediate processes must be understood.

3. If changes in certain chemical condiions cause wlden shrinkage in an
ecosystem’s storage capacity for a gven pollutahese changes should be
monitored through the measurement of the apprepr@iemical parameters (e.g.
pH in agricutural soils and redox potentials nhuatif ecosystems). The input
pollutant should ako be simultaneously monitored.

The ‘bottom- up’ approach

Polcy makers are usualy interested in changeserobd in the most wulnerable areas
because these changes provide early warning ofesudetological changes. However,
when trying to anticpate problems that do not ewnty exists, i may not be possible to
uncover vulnerabiities by judging from polutannputs or degree of sensitivity of

pollutants alone. In this situation attention iscdesed on the possible impact of the
pollutant on the environment. Environmental facttihat may influence the impact and the
conditons under which the factors could change fiture are also identfied. This

approach is termed the ‘bottom-up’ approach becaitisattempts to tackle the problem

right from its cause unlke the ‘top-down’ approawhich tackles the probem from its

effects. The sensitve factors that influence dger@Els and the scenarios under which the
factors could change in future are illustrated im.g-
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Scenarios Climate change Ceasation of Climate change
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Critica] Buffering Sorption Capacity Redox Potential
E“"“’O”m‘:“ml Capacity (agricultural soils) (wetlandd.soils)
Factors

Fig. 8.
lllustration of the’ bottom —up approach’

Patterns of rainfall and wind direction affect ac@kposition (and therefore buffering
capacty) which may be affected by climatic chamsgeit relates to changes in precipitation
patterns. So also, sorption capaciies are vergitsento acidty (pH) which in turn may

increase in the future in sois of abandoned fanddawhere lming has ceased. Redox
conditons in sol and wetlands could ako changarkedly as a resukt of alterations in
moisture conditions due to clmatic change. Finalgdox condiions in waterbodies and
mechanical disturbance of sediments are factord itfluence release of toxic heavy
metals that were previously immobilized in the semhits. Two future events that could
influence these factors are improved water qualhd the impending sea level rise and
increase in the frequency of storms (Hekstra , 199@ander A et al,2000, Johanessen T,
1995).

One advantage of the ‘bottom —up’ approach is ithadises questions that help to channel
the thought of researchers in the fields of watealty management, agricultural polution
and climatc change in the direction that is apple to long-terms impacts on critical
envionmental indicators. This is no doubt one ptiat cannot be fauked when viewed
from the perspective of our generation trying tdfil four obligations to future generations
in terms of responsible stewardship of the envilemmnow commonly referred to as
Sustainable Development, that contextualises dpveat that meets the need of the
present without compromising the abilty of futugenerations to meet their own needs.
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