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Environmental DebtThe

FOREWORD

given condition, noticedlong the environment has remained onlyFor too a
has fact, when the acidificationwhen enviromnental damage become asa

transformedforests when nuclear disaster humanestruck a aour or
environment into poisoned ghost town.a

willEverything valuable has price. The question have tonot paya we
who will be forcedenvironment damaged, but when, how andwhen the to

P33’-

clearconnection and ecology be made throughThe between musteconomy
putting price theof effective economical incentives. Byan.increased onause

future environmental debtsmade visible, and thenenvironment, the costs are
be avoided.can

forJemelov has given valuableIn this Arne assessmentreport, a a
and ecology.continued discussion around the connection between economy

nothing. TheHow environmental debt develop doasks, does theHe we
environmentalalready late do something about thetruth that to

problem in its entirety.situation. We themust now see

Olof Johansson

ofNatural and chairman theMinister of the Environment and Resources
CouncilEnviromnental Advisory



The Environmental Debt

SUMMARY

Swedens environmental debt estimated be approximately 260 billionto
corresponding figure in 1980 approximatedThe be less than halfSEK. to

value. heaviest items environmentalin fixed The in the debt ofthis monetary
agriculture, and acidification1990 within Based thewasteare areas. on

Swedensscenarios briefly dealt with this environmental debtreport,
causing’with almost billion SEKexpected increase 7 The itemsto per year.

we do act clirnatevariability,increasing agriculture,notconcern are
acidification.andwaste

summarisesThe table below the estimates.

Swedens environmental debt billion SEK, value of 1990monetary

1990Area A year

Global
Ozone the stratosphere - -
Climate 85 2,5

Territorial
Acidification

Ground 36 0,4
Surface 10 0,1water
Ground 1 0,3water

Agricultural land
Cadmium 6 0,1
Humus 25 1,3

Marine eutrophication
Sea 10 iO
Coastal wetlands 0,2 O

Chlorinated organic substances
PCB 0,1etc.

sanctuariesSeal 0,2
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Waste
15 1Enviromnentally hazardous

0,115Domestic
0,318otherIndustry +
0,535Radioactive

diversityBiological
i02,6Noahs ark
i02Wetlands

6,6261Total

COMPARISONINTERNATIONAL

compared estimatesbillion SEK be300figure for SwedenThe tocan——
000 billion SEKSEK, for Poland 2500 billionDDR 1for the formermade -

3 000 billion SEK.of Baltic Seaoutflow thetheand area

groundhighly contaminatedlandfillsestimates only andThese concern
10 000 DMestimateddecontamination m2.where tocosts perare

for hazardous in the000 dumping sitesfor 3environmental debtThe waste
fromradioactivefor the600 billion SEK andestimated beUSA wasteto

000 billion SEK. Inplants, 1nuclearmilitary andAmericanthe power
oflow-lying coastalfor theprotectionaddition, the required areasmeasures

change the climate,level relatedof rise inUSA, in thethe toevent aseaa
forEPAs of the takingestirnate3 000 billion SEK.estimated coststo care

degree of pollutionconsideration the andintosuper-fund sites takesof type as
$500 $10andbetweenCleaningits volume. Thewell toncosts varyperas

estimatedsaid that thecomparison bedifferentcompletely000. In cana
definitions andofregardlessenvironmental debt in all separatecases,

countrys foreign debt.considerably than themethods, largercalculating
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GUILTYISWHO

approximatelyenvironmental debt,SwedishincreasingcontinuallyOf the
of Sweden.activities outsidecaused byhalf



EnvironmentalThe Debt

INTRODUCTION

in this environmental ThisA key debt. defined thereportconcept as
required environmental damage which economically andto restorecost

technically restorable, well the size of the capital required for recurringas as
restoration measures.

aims showing how enviromnentalThe this debt developsatreport
carried additionalactions already decided butout,upon are no measures or

actions follow. time perspective approximately 30The years.

Naturally, this kind of study with number of difficult limitationmeets a
problems. The first and maybe the important question whatmost we

The fewer items included,consider restorable. the smaller theas
todaysenvironmental debt becomes. Do restorable with technologywe mean

tomorrows technical optimists pessimists pointAre towe oror easy
examples where these fundamental questionspractical brought toout are a

head. Can extinct species be restored Do the identification ofcountan we on
mammoths from preserved tissue, synthesis, implantation ingenes gene an

of original,elephant instead the and the subsequent development in theegg
elephant resulting in new—bom mammoth In whichmother what thea case
cost

this this of restoration considered science-fictionIn andreport, type as
considered environmental debt.not as

principal question the limitation problemsThe and remain. New technical
achievements increase technical economicalthe and possibilities forcan
restoration but these increase the environmental debt for,accounted sincecan
certain environmental damage, which earlier excluded from debtthewas as

considered impracticable, be included. In principle, this notwas now can
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mining and prospecting techniques result inwheresituationunlike newa
Suddenly being accounted for and listed infindingsnew mineral assetsas

in for national naturalof companies and thebooksbalancethe accounts
but trivial, where technicalOf the type, more asameresources.

in restoration, included in the environmental debt,resultdevelopment can a
expensive and that the debt thereby reduced. Investmentslessbecomes on

within the field of environmental clean-upand developmentresearch
environmental debt with than thewould probably reduce theoperations more

and development.for the researchcosts

formal could differ from the real WhenQuestions where the answer are
made international decisiondecision beenhas agreementan a aa

all-embracing forof character, example lirnitsagreementgovernment an on
emissions, decision Does the introduction ofcarbon dioxide a a new

imply decision introduce everywhere the basistechnique plant toat onaa
possible economically reasonable superiorthe technically andthat a

pragmatic point of view adapted.policy this This thatIn report, a means
authors of happens thefuture based the whatthe assessmenton

the rules of the decisions already made,politicians changedo not game, e.
administrators do change the application of the rules.and the not

in future, ofConsequently, for different the whatassessment acases an
decision necessary.

carrying difficult considerationquestion problemsAnother key
situation. fromRestoring what Examples forestry and agricultureto can

Todays forestry and agriculture leadillustrate this problem. cultureto a
much fewer species than that during the early twentiethlandscape with

the situation that fifty, hundredDo threecentury. want to restore to awe or
oak forests from the time ofhundred the the Romanvastago, oryears

of Germany and ScandinaviaEmpire dream southern Thethat the answer,
practical handling in this that time limitwhich again refers the report,to no

forinstead the need restoration quantified withbeen identified, buthas
for cultivated diversity of species.sustainable yield and the Inregard to areas

of sustainability given criteriahas been the that built-upaddition, the concept
nutrientsenvironmental toxins be rendered harmless byofdeposits toare

destruction.immobilisation or
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importance for the clean-uprestoration also of decisiveofThe degree
demanding forrestorationSweden, theoperation In targetcosts. more

industrial hygiene limitsConsequently, thefor chemicals.radioactivity than
times the importanceregardedradiation-inducedfor tenas ascancer are

for nuclearthis the clean-upchemicals. Incaused by costsreport,cancer
billion SEK while forestimated be 50 the2020in the coststowaste year

forbe 95 billion. the demandsestimatedtoxicall other towastes
mutagenic effects fortoxicityrelationrestoration to were as severe asor

would be least five timesthenuclearthe greater.costs atwaste,

for nuclear lowof restorationhand, the degreeOn the other waste was as
SEK would be sufficient.10 billionfor chemical waste,as

ESTIMATEDRESTORATION COSTSHOW ARE

different precision. Inpresented ofestimatesThe cost some cases,are very
of operationsoperation and the numberof specific clean-uptreatment costs a

restorationwell known. In otherreasonablycarried costout percases,are
roughly estimated. The level ofof objectsthe numberobject well areasas

The rightloosely expressedlimited and beprecision thus amountascan
digit.significantzerosof and one

limitedpertains how restoration ofprincipal questionA to measuresmore
Examples found in thefinal becompared thedurability treatment.to canare

onlyliming of lakes be characterisedwhere theacidification acan asarea
technique applied here basedcalculationdefence. The costtemporary on an
whereafter the environmental debtrestorationestimate of the cost per year,

restorationcapital generating the interest covering the yearlystated theas
interest of used.5%In the ratereport,cost. an

of Swedens environmental debt, separation has beencalculationIn the a
environmental problems. the firstglobal and territorial Inmade between

rich for Swedensbeing the debt of the andthe debt assumedcategory, as
worldsof rich population 8,5 millioncorrespond share theshare toto our

10
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contributionof the fact thatbillion without considerationof 1 netout our
smaller.considerably

territorial environmental debtthesecond theIn the category -—
of responsibleSweden in spite whichconsidered belonging countrytoas

emissions causing the damage.for the

11
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GLOBAL ENVIRONMENTAL

PROBLEMS

Global environmental problems include depletion in the stratosphereozone
withand UV~radiation together greenhouse and climate effects. Thesegases

global environmental problems in this regarded thecontextare as
rich world.responsibility of the The environmental debt therefore

calculated that distributed billion ofpeople which 8,5 millionamongas one
live in Sweden.

OZONESTRATOSPHERIC

available forNo technique replacing the layer and thereforeozone no
environmental debt calculated.

CLlMATE

An indisputable fact that the concentrations of certain such CO2,gases as
CH4 and N20 and CFC the increasing,atmosphere and that these gases

radiation from theinhibit the heat earth.

calculations of today,The best which although lack potentially important
physical biological feedback-mechanisms of positiveand and negative

indicate the globalcharacter, that might increase with 3-temperatureaverage
4 °C the concentration increases continue during the few decades. Innext
which the polar will probably increase twice much 6—8°temperaturecase, as
C.

Todays insufficientknowledge make regional nationalandto prognoses,
the primary economical effects in Sweden, forbut example theto energy

balance, forestry and agriculture, from rise in the yearlya average
°C,of about 5 would necessarily be negative.temperature not

12
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result in negative effectsin climate couldscale, change theglobalOn aa
todays surplusof the continentsin interiorbalance thethe water areason -

Estimatesfor relocation.maize and largeandfor costscomareas --
towardenvironmental refugees pointnumber ofof thebordering on guesses —

possible predict, but theaffect Swedenthis couldhalf billion. How not toa
high.probably bewouldcosts very

small. Therein greenhousethe increaseSwedens contribution to gases
withindioxide fixatedimportant carbonof thecurrently most gasmore - -

following illustrates theemitted. Theterritory thanSwedish cunent
situation.

13
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dioxide fromCarbon
Sweden the atmosphere Mtons Cyearto

Combustion of imported fossil fuel 16 15-17,5
Limestone calcination 0,8

from agricultural landLoss 1,6 1,0—2,2
from forest land 0Loss -4—4

Total 18,4

Carbon dioxide from
Swedenthe atmosphere CYearMtonsto

forest biomassNet increase 9 7-11
forestryExport products 5

increase 1,2 0,4Net 2,6peat -
sedimentation lakesNet 1,5 0,4 2,9-

Carbon sedimentation from run-off
coastal 1,3 0,9 1,7water at areas -

ofsedimentation primaryNet pro-
Swedish territorialducts in 5-107waters

technosphereAccumulation
buildingfor example 0,3 0,1 0,5-

Accumulation deposits 0,4 gO,3 0,5waste -

Total 25

fixation in Sweden 7,3 CyearNet Mtons

global anthropogenic CO2-emissionsThe approximately 6 billionamount to
as C The increase in the atmosphere approximately 3tons per year.

billion Carbon dioxide responsible for about half of the anthropogenictons.
effect.greenhouse

The increase the atmosphere is, equal approximately 100to to toup now,
CO2 C.billion aston

There technical solutions for CO2 fromseparating air therebyandare -
principle restoring the CO2 concentration and natural abilitiesgreenhouse of-

14
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technical separation methodsatmosphere. all theseInthe respects, aregas
fixating the correspondingexpensive 10-100 times thanmuch amountmore

Different calculations have shownin biomassground carbon. thatof carbon
be bound in biomass and groundconsiderable of carbonamounts ascan

$5-10 bindable increasesof The certainlycarbon amountton.at cost per aa
example, of 100 SEKaccepted. In the followinghigher price toncosta per

assumed.carbon

100 SEK 10 000 billion SEK.environmental debt 100 billionTodays ton x

300 SEK.3 billion 100 SEK billionYearly increase ton x

theSwedens 0,85% of environmental debtshare the to presentcurrent up
of 2.585 billion SEK with yearly increase billion.then becomes a

15
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TERRITORIAL ENVIRONMENTAL

PROBLEMS

ACIDIFICATION SOIL, SURFACE GROUNDAND WATER-

1990The situation in

000 of SwedensToday than 10 80 000 lakes heavily acidifiedmore are
additional 10 000 theiracid rain, and loosing ability buffer,due toto an are

risking the fate. Moreover, there obvious acidification damage insame
100 000 of runningapproximately km water.

ongoing lake liming continuing defence, allowingThe speciesprogram a
fromsensitive acidification survive in lakes and which theyto streamsto

disappeared. So far, 500 lakesotherwise would have than 5 have beenmore
yearly for the public 100 million SEK,limed. The cost treasury amounts to

other voluntary efforts counted market value, the totalbut work and atwere
than twice much. The of thewould amount to current extentcost more as

estimated equalling almost half ofliming for lakes and streamsprogram as
all acidification problems theneeded thewhat counteract waterto e.,-

of surface currently estimated 500for full scale liming waters tocost
form of capitalSEK The environmental debt here in the themillion per year. -

of would 10 billionneeded for interest 5% the yearly beto costan cover -
SEK.

is, only acidified in limited number of sensitiveThe ground water yet,as a
leaddecreasing buffering ability in soil and ground layersbut tomay aareas,

of affectedrapid increase in the the counter-measuresextent no areareas
initiated.

16
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acidification of groundlimingDirect to counteract water aremeasures
from individual wells certainlydifficult Water betechnically to out.cany can

linings around wells in with acidified groundand also limestonelimed, areas
for liming estimatedneed groundbe used. The current water towater can

liming, 50 millionfor surfacetenth of the needbe towater per yeare.a
debt of billion SEK.environmental 1corresponding to an

declined alarmingly in large ofvalue of forest land hasThe pH parts
certain central for example Dalsland Värmland.Sweden andsouthern parts, —

000 of forest landindicate that 650 hectaresestimatesCurrent toseem
fertilizing for the production ability of the forest belimingvitalityneed of to

acidification forcontinuing ground countered. Themaintained and the cost
billion SEK period ofestimated between 3 and 4such to over aprograma

fifteenten to years.

limingvitality fertilizing, according this model, supplies the forestForest to
layer surface, which furthersoil with buffering the counteractsa on

following acid rain.acidification of the ground However, does not restore,
long period, the pH and ion of soil.possibly thebalancetimeexcept aover

do this would be times expensive than theDirect to ten asmeasures
ground liming perhaps much 30 billionsuggested surface program, e. as as

possible.allSEK, at

basedenvironmental debt the for restoring the pH andThe costscurrent on
forest land be estimated 30 billion SEK. Theion balance in to amount tocan

continuing defence estimated 3-4 billion SEK with durationfor tocost aa
ofof fifteen that yearly approximately 300 million SEK.costten to years, a

allocatedenvironmental debt in form of the capital needed make thisThe to
andSEK total consequently 36 billion SEK.possible 6 billion the

Trends

ofreductions sulphur emissions in Sweden and significantIn spite of heavy
countries inin other Europe, the deposition in southernreductions western

marginally1989 has only been reduced. The developmentSweden toup
the big political ofEurope changes coupletoeastern up a years ago,

positive contributions from thecounteracted the west.

17
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what take depositionof that theestimatesThe suggestnature tocan seem
reduced 80% in the exposedshould be byof acidifying substances partsmost

Current internationalfor the acidifyingof the tocountry process cease.
environment field will close achievingin the not toagreements even come

will continue and, with gradualacidification thereforethis result. The a
future decreasing depositionbuffering capacity of the soil,exhaustion of the

ofacidiñcation problems in the form lowered pHgive increasedcould aeven
in ground water.

all in Baltic playsin Europe above thedevelopmentThe stateseastern a-—
emissions ofacidification in Sweden with regardthe continuingrole inkey to

development of industrialPreliminary estimates based theNOX.S02 and on
emissions 1990 and 1991 have beenindicate that sulphurproduction

nothing with40%. this has dowith much However,reduced toas as
the stronglybut effect of the fact thatenvironmental commitments an

in Germany, Poland andheavy industrylignite—usingpolluting, eastern
close down production dueforced reduceCzechoslovakia has been toto or

competition.international market

few decades almost impossiblein thegoing happenWhat tonextto
succeedingemissions from the industrythe sulphurpredict. A thatguess

of emission level oflevel of 50% the sulphurcontainedbethe atpresent acan
from increasing of privateof nitrogen oxides1989, while the emissions usean

will increase.cars

heavily acidiñed in need ofnumber of lakesthis scenario, theIn or
todays 000 000from 10 maybe 15protective liming increasescontinued to

liming in value ofThe for surface thetime.thirty monetarycost wateryears
corresponding700 million SEK The1990 would then amount to per year.

faster; cautiouswould increase lotbuffer acidified ground watercost to a a
todays level 500 million SEKincrease of timesestimate tosuggests tenan

surfaceenvironmental for acidiñed has thusThe debt water grownyear.per
10 billion SEK.SEK and that of acidified ground The14 billion towaterto

nitrogen-supersaturated forest land haveof acidified andor canarea
formillion and the yearly theincreased almost hectares, costto one

surface liming of the forest land 400defence in the form ofcontinuing to

18
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SEK. The capital this defencemillion needed cuntinuous would besupponto
8 billion SEK. The environmental debt for restoring the pH and ion balance of

40 SEK todaysthe soil estimated increase billion in valueto to monetary
because of the increase in actual The total capital for continuousarea.

restoration of the pH—value and ion balance of soil thusdefence and the
48 billion SEK.becomes

HUMIC CONTENT OFTHE CADMIUM AND
AGRICULTURAL LAND

Cadmium

of cadmium in agricultural land increasing continuously dueThe content
cadmium—contaminated phosphate in artificial fertilizers wellto as as

cadmium—contaminated from communalsludge plants. Airtreatmentsewage
deposition also contributor. The increase estimated be 0,5%rate toa per
year.

mobility of cadmium in soil highThe degree dependent the pH-to a on
soil. If limingvalue of the of agricultural land becomes insufficient to

high pH—values in the future, the cadmium uptake of plants couldpreserve
increase drastically, increasing the consumers intake with it. As the normal

Swedensfor of population liestoday within factor 2greater partexposure a a
of effect in3 levels, increase the cadmium of basic foodscontentor an

health.threat human The development observed in forestsrepresents toa
already shows clear warning signals. In of the where theparts countrymany

advancedfforacidification example Småland Värmland,and the cadmium
moosesof the liver and kidneys such thosethat shouldcontent notorgans

be might also be possible that the surprisingly high cadmiumeaten.
emissions from the forest industry which have been observed lately theare
result of higher concentration of cadmium in the wood. technique forAa
reducing the of cadmium in the soil cunently available.content not

preservation of highThe pH-value in agricultural land thereforea a
forcondition acceptable of cadmium in food.contents

19
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The of lime in agriculture and horticulture has decreased from ~350use
thousand in the beginning 1980sthe 184 thousand intons to tonsper year
1990. A reversal lime dosages of 2300 thousand willto tons per year
probably be other things, retain low cadmiumto, contentnecessary among a

crops.in

Approximately 500 million SEK provide continuing defenceper year can a
and this corresponds environmental debt of 10 billion SEK. Theto currentan
yearly and environmental debt however, estimated 300be millioncost to
and 6 billion SEK respectively.

Humus

Since the late 1940s, the of humus in Swedish agricultural land hascontent
decreased continuously result of the agricultural technology currentlyas a

in Swedenused and other countries. A lower humus soilinwestern content
implies abilityreduced bind and nutrients which results into watera an
increased sensitivity of the for instance, variations in weather. theInto,crops
long perspective, the humus of agricultural land could be restoredcontent
through transition other kinds of technology for instance revertingto to
traditional methods. To do this within the frame of direct restorationa

technically possible but expensive. The following exampleprogram
illustrates this.

Estimated of organictotal loss substances from agricultural land since 1950
20 asMtons carbon.

agricultural landAmount 2,8 million hectare

loss asHumus carbon hectare 7 tonsper

m3 0,7 kgper

The restoration of humus could be carried by, for instance,content out
inadding which calculation example would approximately 90peat, costone

billion SEK.

20
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itself give riseof cutting would inrequired magnitudetheHowever, topeat
environmental debt.andenvironmental damage a new

based the producing beingcalculation examplealternativeAn cropon
plowingof soil, for instance, throughthethe humusused increase contentto

composting.in situinor

of of agricultural landproduction hectareThe oneaverage crop
of in humified form.1-3 carboncorresponds tonsto

directlyproduction would have be returned3-4 ofConsequently, toyears
lastfor estimated humus loss of thethesoil in orderthe compensatetoto

forty years.

value of agriculture, half supposedbillion SEK productionOf 30the to
The assumed be animalindirectly fromoriginate directly rest tocrops.or

environmental debt would thenfeeding grain. Theproduction from amount to
billion SEK.approximately 50

theof the productionexplicitHowever, the restoretopurpose was
should possible significantly reduce theground carbon, beof costtocontent

entirely possible. A revisedspecific goal. A in halfthisreach cutto seems
25 billion SEK.debt consequentlyenvironmental

majority oftechnology several decades old, theSince agriculturecurrent
reached kind of balance regarding the ofsoils havecultivated contenta

Significant exceptions the cultivated obtained byorganic carbon. are areas
in estimated be 1,6wetlands. The carbon loss thesedrainage of toareas are

but this expected decline during the followingmillion totons year,per
decades.

2020 approximated millionyearly loss the 1the to toup yearaverage
restoration would increase with 1,3the abovecarbon costton year, asper

million SEK per year.

21
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EUTROPHICATIONMARINE

The 1990situation in

environment, nitrogenIn marine in the form of nitrate ammonium thea or
foremost factor for limiting production and therefore the importantmost

for eutrophication. followingThe tables show the nitrogen emissionsreason
respectivestated by the authorities of the countries bordering Seathe Baltic

the Skagerrak and Kattegatand well estimates of deposition andseas as as
fixation and in respectivenitrogen the The Germanyforamountover sea area.

the total of the former DDR and BRD. The stated values from the eastern
Balticcoastal of the Sea probably low and other independentstates tooare

estimates the total 30-60% higher.put

Nitrogen load the Baltic Seato
Country thousand Nyeartons
Sweden 100
Finland 70
Poland 101
Russia 130
Germany 20
Denmark 50

depositionAtmospheric 370
N-ñxation 301

Total 980

SkagerrakKattegatNitrogen load theto seas
Country thousand Nyeartons
Sweden 40
Denmark 20
Norway 45

Atmospheric deposition 60

Total 165

22
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In addition, the load from for example, the flowingcurrents, currentssea
the of Jutland Denmark from the North Sea and the Balticeastern coaston

Sea needs included.beto

The load of nitrogen approximately five times high theas as pre-
industrial and loadthe of phosphorous almost times high. Thetenera, as
primary production has greatly increased. The larger of phytoplanktonamount
results in increased turbidity and reduced visibility depth, forming basis fora

larger population of plankton and benthic organisms establish.toa zoo
Considerably larger quantities of organic material, large consistingto extenta
of dead algae, falls through the thermocline and down into the stagnant
bottom The depletion has increased and lack ofwater. oxygen oxygen
currently appealing large bottom in the Baltic Sea, 2,5 3over areas years—
after intrusion of salt-water.an

Reduced light from turbidity caused by phytoplankton and increasing
competition from periphyton have decreased the litteral dominated byzone
kelp. As organisms like shrimp have decreased in numbers,a consequence,
while periphyton sticklebackand increased.have

The fishing activitiestotal has also greatly increased from couple ofa
hundred thousand tonsyear about million.to a

usersFrom point of view, there above all of marinea twoare aspects
eutrophication that particularly interesting recreation and fishing. Fromare a
recreational point of view, with clear thriving bed and rockswater,a sea a sea
with kelp instead of slimy algae of prefer worthandgreen tocourse
more. From fishing point of view, the ideal would be good and regulara a

valuable fish. Although the supply of fish increasingto withaccess
eutrophication, the variation in catch, especially of cod, between good and
bad also increasing. As resulting effect of the larger food supplyyears a
available for fish, salmons fleshthe grey-white instead of pink and thetums
market value down. Most often the change in species in the wake ofgoes
eutrophication that less appreciated and therefore cheaper consumptionmeans
fish constitute larger share of the increased catch.a

23
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Trends

viavia atmosphere andmainly supplied in thenitrogenThe two ways -
and forestry.agriculturerun-off from

combustioncompounds arise fromatmospheric nitrogendepositedThe
of organic fertilizersproduction and theandtrafficNOX from useenergy

ammonia.

Sea, Skagerrak and theaffecting the Baltic thefar in thetrendThe areasso
high level while theland has stagnatedrun—off fromthatKattegat atwater a

continued increase.atmosphere hasfrom thenitrogenload to

gasolir1e—of catalytic exhaustlimitedDecisions the systems onuseon
emissionsof the NO,will lead decreaseEuropein Westernfuelled to acars
of privatepopulation. Increasedindespite increases thetrafficfrom usecar

traffic emissions.increasedwill lead however,in EuropeEastern tocars
lead thedevelopment expectedand technicaldecisionsGovernment totoare

allfossil fuel boilersand mediumlow-N02 bumers largeofintroduction on
Europe.over

thecountries like Denmark andfertilizers inof organicA better use
inemissions from agricultureammonialead lowerNetherlands could to

intensive livestockintroduction of modernwhile theEurope,Western
ammonia in foremissions of agriculturallead increasedcould tomanagement

former DDR.Poland and theexample

technical-of theandof trendsevaluation theAn assessmentto anup now
increase ofcertain continuedthateconomical development to suggest aseems

expected.loadthe nitrogen

fastereutrophication,will be continuingeffect of thisThe oxygena
of salt-water andfollowing intrusionbeddepletion theat an evenansea

increasedoxygen-free In addition,spreading of the bottoms.larger average
of algae blooms, theregular episodesalgae,turbidity caused by

anddominating plant of coastalof kelp thedisappearance areasas
forecasted.good cod fishing besporadically can

24
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increased nm-off of nitrogen from acidifiedAn and nitrogen—saturated
land also contributing factor.forest a .

load expected continueAlthough the phosphorous decrease slowly,to to
believed be of small for marine eutrophication.this to consequence

slow exchange of the Baltic Sea ~30The years contributes byrate
making the sluggish.system

level following change in climateA rise the could possiblyasea
contribute frequent salt-water intrusions in the Baltic Sea and therebyto more
improving conditions the bed. This would then entailatoxygen sea a

recirculation withdecreased internal fertilizing phosphorous.

The Swedish should be less extensivechanges the than thoseat west coast
the bordering the Baltic Sea. The effect of action against nitrogento east

emissions from primarily Lraffic and agriculture Sweden, Denmark and
will giveGermany reduced nitrogen load while nitrogen saturation ina

Swedish and Norwegian forests leads increased nin-off via forestto an
streams.

A restoration of the Baltic has directly discussedbeen and wouldsea never
of doubtful value long the eutrophicating emissionsbe continue. Inas as a

hypothetical situation the emissionswhere reduced considerably, the longare
residence times and the internal self-fertilizing would delay theprocesses

for maybe centuries, and only then the question becomerecovery can
interesting. From small lakes have restoration experience from bottomwe
dredging, techniquesaddition and dispersion of nutritive salts whichoxygen

principle could possiblein become techniques for the Baltic Sea well.as

the heading,Under estimated foraccounted regardingwaste costs are
restoration of 500approximately eutrophicated lakes and extendingstreams

total of almost 10 000 hectares. The then 200 000costover a area average
SEKhectare with from 0005 million1 hectare dependingtoa range per on

of clean-upthe degree and the method for restoration. In example fromone
Sea, 3the Baltic million hectares could benefit from restoration duemeasures

eutrophication. only the least expensive methods surfaceto per area are
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of 000 SEK aside,possible 10 hectare the totaland setcostan average per
SEK of which Swedens share roughly calculatedwould be 30 billioncost

10 billion SEK.would be

mechanisation rationalisation ofconnection with the and agriculture,In
biotopes with high diversitywetlands have been ditched and have been

close theThese wetlands and especially thedestroyed. to coastones were
protection for marine environmenteffective nitrogen and provided thetraps

eutrophication pollution by persistent substances suchagainst both and as
nesting habitats forwetlands also importantmetals. theIn weremany cases,

for restoring ofenvironmental speak thesebirds. Strong reasons some -
10 0O SEK hectare,20 00 hectares of thattogether maybe at cost pera-

in total 200 million SEK.

Swedens declaration together with ll othershould noted here thatbe
emissions with 30% regardednitrogen oxidecountries reduce notto as a

from countries withindeclarations Sweden and otherdecision. Moreover, the
regarding reduction ofso-called North Sea conferenceframe of thethe a

considered decisions.of 50%nitrogen not asare

been proposed based otherscenario discussed here hasThe future on
which made clear in theload assumptions,nitrogen text.

notice,estimate that until furtherof theThe uncertainty greatcost so
2020.hypothetical situation in thevalid also for the year

ORGANIC COMPOUNDSCHLORINATED

1990 and trendsSituation toup now

classical environmentalorganic compound includeschlorinatedThe group
new CFC large ofand PCB, like andtoxins such DDT groupaas

poorly understood substances thateffectssubstances whose notareorare
oftenfats from aquatic organisms, 90% ofindividually identified. In consists

of unidentified substances. Certain indicationsorganically bound chlorinethe
chlorinated organismsthe fats which that the themselvespoint towards are -

low-molecular chlorinated compounds.fat synthesis build inin the
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the Swedish perspective, the classical environmental toxins ofIn mostare
regarding the Baltic Sea. ofThe DDT and their metabolitescontentsconcern

fish and birds have decreasedin approximately 10% of that in thetosea
of 1970s.beginning the By the end of the 1980s, however, the decrease had

altered and DDT started increase. The long-distancecontents to reason
fromfrom the south, other things the plantations oftransport cottonamong

Egypt

connection with decreasingIn DDT or rather DDE thecontents,
thickness of shells of fish-eating birds increased and the reproductionegg
disturbances ceased. There certain but impending risk that thenota - —

of DDT and their metabolites again increasing in organismscontents are
Baltic Sea levelsthe where thin eggshells again will be threat birdto toa

population. This risk of much larger closer the of usingtocourse area
DDT based pesticides.

PCB-contents fairly well correlated with disturbances in the immuneare
defence and reproduction of Baltic Sea seal. The of PCB incontents
organisms from Baltic Seathe have decreased by approximately 50% during
the last decades. This partly due terminated industrial activities andtwo to
reduced emissions, but contributing for the decrease also bea reason can
eutrophication and increased biomass. certainA of PCB distributedamount

larger of organisms and results in lower overall in theamountto contenta
biomass.

The situation for the seals has, unlike the situation for fish-eating birds, not
improved result of the reduced PCB in fish and other organismscontentas a
of the Baltic Sea. During the last there has been positivetwo years a
indication however, and the National Museums investigations show that the
decrease in the Swedish seal population in the Baltic Sea and the Gulf ofgrey
Bothnia being halted. Finnish investigations of the fertility of ringed seal
females in the Gulf of Bothnia also point toward certain improvement sincea
the middle of the 1970s. this turning point just notch thea or a
catastrophe remains be Two factors contribute the possibletocurve toseen.
increase in the actuality of the PCB issue.
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of environmental toxins that have receivedDioxins represent aa group
effect of the dioxinsduring the 1980s. The total evaluatedof attentionlot are

called TCDD—equivalents. has been suggested thatconversionthrough to so
dioxins PCB. Some evidencecould be caused by andseals problemsthe not

this for example, seals fromentirely theory, thedoeshowever, not support
approximately high dioxinand Spitsbergen haveSwedish west coast as

in Baltic Sea, without experiencing theseals thethecontents as
corresponding effects.

recently show that certain PCBestimates that have been madeHowever, -
TCDD—equivalents thancompounds contributecalled planarthe to moreso -

of much higher concentrations.resultthe dioxins as a

Soviet disarmament, large number of tanks andconnection with theIn a
10 000.will be dismantled several Thesetracked vehiclesmilitaryother

hydraulic oil which in order avoidofcontain relatively large toamounta
PCB carelessoften contains compounds. Afire leakageignition under or

PCB for the Baltic Seahydraulic oil could entail catastrophehandling of the a
and others.

suchas AOX EOCl, whichof collectiveAnalyses representparameters or
long forbound chlorine, have been used enoughof organicallythe notamount

determined.betrends toany

organic compounds mainly in the form ofof chlorinatedemissionsThe are
and from the pulp andfrom pulp bleachingby—products waste water paper

of organic solvents air.also emissionsindustry and to

Swedishorganic substances AOX from theemissions of chlorinatedThe as
000 which1988 amounted 13 would haveindustry inpulp and to tons,paper

Sea.40% of the load the Balticapproximatelyconstituted to

of chlorinated organic solvents in theSwedish emissionsThe same year
emissions from OECD Europe000 and theamounted 20 tons,to are

withinUncertain estimates of industries in600 000estimated to tons. usage
of 200 000 chlorinated solvents,indicate consumptionEastern Europe tonsa

measured chlorine.here also as
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compoundschlorinated organic000Baltic Sea receives 5The tons
ASwedish rivers.deposition viafrommainlymeasured AOX per year,as

000via rivers of 20deposition loadgives total indirectestimate tonsrough a
000deposition of 10directand tons year.pera

30 000Baltic Sea,reach theexpecteddeposition thatThe tons,to
atmosphere in theemitted theof which in Europeonly 4% thattherefore to

evaporating solvents.ofform

far tendedhaveindustryfrom the pulp andemissionsThe tosopaper
Swedishcontinue. addition, theexpected Inthis trendanddecrease, to

expected decrease duealsoof chlorinated solventsemissions totoare
non-chlorinated replacementof suitableintroductioninvolving theprograms

solvents.

expectedquick, decrease bequitecorresponding, but maybeA not canas
modernisation of thetheIn Eastern Europe,OECD—Europe. economy

The load theof chlorinated solvents.entail initially increasedcould onan use
made,based the decisionsbutSea expected decrease however,Baltic to on

Europes industrialEastern10-20%. The changes inonly with structure can
initiate considerably larger changes.easily

compounds possible onlyregarding chlorinatedRestoration aremeasures
PCBthe spill of chlorinated organic substances suchin few where ascasesa

forof be prevented. Thesediment lakes andin the bottom coststreams can
estimated 100 millionof this kind in Sweden could beidentified tomeasures

SEK.

of continuing defence could be seal sanctuaries whereOne type a
50-100 of individuals of threatenedreasonably large number maybe the

Seaseals could be saved until the living conditions in the BalticBaltic Sea
Such seal sanctuaries could be maintained yearlyrestored.have been at costa

Swedish Theof 10 million SEK few places along the east coast.at a
200 million SEK.estimated capital the operation cost;to cover

hopefullythe seal population slightly increasing and theAt present, so
sanctuaries in 30for seal will disappearneed years.
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Waste

The in this pertains products by-products thatterm waste context to or
have positive forvalue the who therefore rid of themno toowner, geteager

the lowest possible price. The total quantity of Swedenat generatedwaste
yearly basis with this definition almost 60 million Theamounts toon a tons.

figure includes estimate of the quantity of soil, sediment that throughetc.an
contamination environmentalby toxins over under the often limitor vague
where officially regarded hazardous waste becomes itself.wasteas

In this divided into four main hazardousreport, waste waste togroups
the environment, domestic industrial and nuclearwaste, waste waste.

Hazardous waste

A calculated composition of the classed hazardous thewaste toas
environment shown in the table below

Type of Generated tonsyearwaste amount
Oil 180 000waste
Metal 120 000waste
Acid and alkali 70 000waste
Other 130 m

Total 500 000

According available statistics, the of hazardousto amount waste
increasing, unlikely that thebut produced increasing. Instead,amount

wasteincreasing number of accounted for hazardoustypes wastean are as
and join the statistics.

The capacity of today clearly insufficient for certainandtreatment
lacking completely. The following table showswastes treatment resources are

todaysof situation.a summary
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YearlyWaste recipient tonsamount

150 000Industry
SAKAB 40 000

60 000Export
Storing deposition 150 000and temporary

400 000Total
100 000Unaccountable

and innovationsTechnical improvements expected leadto toprocess are a
gradual of quantity ofdecrease the generated hazardous but the ofwaste, rate

todaysthis trend hard estimate conditions prevail. For long time,to a
that the reduced quantity of produced willbe expected hazardous wastecan

unaccountablebe than compensated by reduced fraction frommore a
statistics.improvements in

statisticalImportant changes and modifications of demands treatmenton
also into focus following definitions and limitations.resources can come new

for example sludge from communal plants would betreatmentsewage
classed hazardous which has been suggested, the quantitygeneratedwaste,as

would increase with 1,5 million total of 2 milliontons to tons.per year a

The enviromnental in formdebt the of untreated, storedcurrent or
temporarily deposited be estimated be 15 billion SEK,waste tocan
corresponding 3 million and for environmentallyto tons cost correcta

finaland of 5 000 SEKtreatment storage ton.per

SAKABs fee for of hazardous currentlytreatment wasteaverage amounts
3 500 SEK with formaximum the difficult ofto ton most to treat wasteper a

75 000 SEK The price estimate for of Swedens hazardouston. treatmentper
based the assumption that the untreated mountain of hazardouswaste on
somewhat difficult than the of that whichwaste treattomore average

SAKABtreated by today. The quantity estimate based accumulatedon an
quantity of 20 of storing and deposition todays level. Thetemporary atyears
quantity of hazardous that unaccountable by statistics as in the tablewaste
above included. This unaccountable fraction presently constitutes 20%not
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this unaccountablein total,previously larger. Thustotal andof the was
3 millionleastalsoquantity could tons.amount atto

form of hazardousdebt in theenvironmentalillustrate theAnother toway
riskbeen classedof landfills that havethe numberbase aswaste to on

The numberEnvironmental Protection Agency.Swedishthelandfills by
would correspondof billion SEK15500. A to costcost averagetreatment an

of andand thelandfill for diggingriskmillionof 30 wastetreatmentper
unreasonable pricebesoil. This doescontaminated tag.not toseem an

000estimated be 150debtenvironmentalin theyearly increaseThe to
000 forand 100depositedtemporarilyandfor stored tonswaste,tons

of 5 000 SEKwithunaccountable hazardous ton,costwaste, peraveragean
SEKbilliontotal of justwhich makes per year.oneovera

Domestic waste

2,5Sweden eachdomestic inofquantitygeneratedThe waste year
locations andof depositionand lackincreasingvolumeThemillion tens. a

removal problem. Thegives rise wastecapacity for totreatment a
under thecomplicated belowincreasingly seebecomingcomposition also

duringenvironmental problemsandtechnicaland thuschemical society
increasedThis leadsencountered.compostingincineration totreatment areor

unit of volume.treatedcosts per

lifeentiremanufacturers for theofresponsibilitythesorting andWaste
handling. Depositfuturefor systemsof the productcycle wastenecessaryare

fact thattotal volumes. Theeffect theexperimental and havemainly onnoare
togetherbroughtsubsequentlysorteddiscovered thatpublic hasthe waste

inclinationstudy theoperationof themainand that theagain towaspurpose
full-scaleconfidence forregaindifficultcould makesorting to ato accept
domesticof recipients ofthefollowing table showsTheoperation. types

20during theused pastwaste years

mLmmmof recipientForm
987980 1970 1I
355876Landñlling
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108Composting 1
34 5523Incineration

3%increased withdomestic hasassumed the ofIf that wasteamount
foundthereafter,2%with1970 and 1980, andbetween per yearper year

periodduring thedepositedthat the amounts totwenty—yearamount
approximately 20 million tons.

including closed,landfills around theSeveral thousand country, aremany
emissionsurface and ground Thecontaminatingleachates andemitting water.

significant.effect, alsothe greenhousewhich contributesof methane togas,

include digginglandfills, whichof all oldfor totalThe treatmentcost cana
controlleachate pumping,installation of bentonite walls, andmoving,andup

estimated be 15collection, roughlyof fermentation andmethane togas
billion SEK.

million SEK in landñllcorresponds of 5This coststo oraverage peran
SEK deposited domestic750 waste.tonper

yesterdays,Todays undoubtedly better than butdeposition technique on
Consequently, continuing deposition offar from perfect. thethe average

contribute the environmental debt withdomestic also expected to towaste
of 200 SEK deposited, which currently almost 200ton tocost comesa per

million SEK per year.

Industrial and other waste

total quantity of industrial produced each in SwedenThe waste year
approximately 50 million The largest miningamounts to tons. posts wasteare

28 forestry 8 million construction demolitionmillion andtons,tons, waste
65 million contaminated soil and sediment million foodtons,waste tons,

industry 3 million and iron and steel industry just 1 milliontons tons.over

The accumulated of since 1950industry producedamount waste
approximated be 000 million1to tons.

Old industrial landñlls almost modern demandswaste meetnever on
environmentally unsuitablydeposition. The total volume ofcorrect
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deposited of this kind be estimated around 100 millionwaste to tons.can
ofTreatment these large volumes of unsuitably deposited includewaste can

covering, protective walls for ground leachate pumping and in certainwater,
excavating. The environmental debt for treating landfillsthesecases

estimated be 8 billion SEK of 80 SEKto ton.or an average per

addition, todays deposition industrialIn of partly madewaste on
locations that environmentally suitable for final Thenot storage.are
environmental debt of oftaking this kind consequently growingwastecare

with approximately 300 million SEK corresponding SEK6toper year, per-
ton waste.

unintentionalApart from these assigned landfills there landfillsare even
locally limited heavily contaminated,in other words but whereor areas

efforts environmentally motivated and technically feasible.treatment are
historical environmental problems gainedSome of these have dealgreata

appropriate sites gettingof attention. Through actions these notare worse,
existing stilland virtually leaking problems but damages remain.no occur,

list below shows such examples with approximated numberThe seven an
Sweden estimated for restoration.of in and costcases an

with 50 000 Million SEKFibre banks 1mercury approx.—

contaminated ground sawmillsPentachlorine at -
Million SEK100 300areasapprox.

Creosote-contaminated wood-streams at
impregnation plants 15 300 Million SEKapprox.-

Bark-littered former timber storehouses4.
Millionlog-driving sites 100 100 SEKat approx.—

for works, chemicalFormer grounds gas
000 Million SEKindustry 30 letc. approx.-

formerWaste dumps and slag heaps at
Million SEK30 300mining industries approx.—
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Eutrophicatedovergrown lakes and streams -
500 2 000 Million SEKapprox.

Total 5 000 SEKMillion

examplesThe listed constitute only minor fraction of the remaininga
environmental problems, but all the the talked-about, andmostsame,

theinvestigated and maybe expensive treat. The formost to costeven
billion SEK.restoring these 5 The total that the environmentaltoamounts -

this kind of problemdebt for assumed l0 billion SEK. Theto toamount-
self healing slow of l% The environmental debtan average per year.-
therefore assumed increase along with the inflation.to

The environmental debt in the form of needs withintreatment waste areas
illustrated by estimates made by the Environment Protection Agency where

5 000 locations with contaminated industrial land and landfills requiring
assigned. This estimate totals 18 billion SEK for thetreatment cost atwere

industrial other wasteand conesponding of 3,6 milliontogroup an average
SEK site.per

Radioactive waste

The radioactive from nuclear plants have been the subject ofwastes greata
deal during the lastof interest 12-15 years.

The latest calculations indicate that the proposed disposal of nuclear
in connection with the planned phase—outof nuclear in Swedenwastes power

will 50 billion SEK. Since this includes contaminated of the plantscost parts
themselves well ofother that do increase in lineartypes waste notas as a
fashion with operation time production, todays debt estimatedor power to
70%, 35 billion SEK.that

BIOLOGICAL DIVERSITY

Environmentalfor the AdvisoryIn Council, Jemelov and Kågesonreporta
systematise preservation and restoration motives for biological diversity

for estimatesSweden, and actions.recommend The largestcostaccount
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alterations in land andfromSwedenspecies inagainstthreats newusecome
agriculturalforests andwithintechniques areas.

biological diversityandeffortsof theCertain restoreto areparts conserve
environmental debt.of thecalculationfor therelevant

Noahs arkform ofspecies in thethreatenedconservingforThe costs
defence. Ancontinuingbegardensbotanicalzoological and seen ascan

environmentalcorrespondsSEK130 millionforyearlyestimated tocost an
billion SEK.of 2,6debt

interference with theseriousprobably thewetlandsDitching of most
200restoration ofcycles. ThebiochemicalregardingenviromnentSwedish

corresponds10 O00hectareofwetlandsof to000 hectares cost anat a
SEK.of 2 billionenvironmental debt

forestryagriculture andconcerningyears politicsofeffectsThe onrecent
Theunclear.environmental debtdiversity and thebiologicalforthe arecost

assumedthereforediversitybiologicalregardingdebt toenvironmental
level.theremain presentat
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REFLECTIONSFINAL

ofintroduce theFirst,thisthreeThere conceptreport. totopurposesare
environmental with theinterferencefact pollution andthe thatdebt to stress

andfor high productionfuture possibilitiesreducedleadenvironment to a
similardebtenvironmentalof living. this thestandard Inmaterial torespect,

paidsubsequently beinterest andwill requirefinancial debt that paymentsa
future.off in the

beenvironmental debtillustrate how thesecondThe to canpurpose
from othernumerical data has been takenthecalculated. In cases,many

obtained from author. Inbe thea list of references morecansources
authors opinions.based thecalculationsuncertain estimates and onarecases,

and make hisherfollow these proceduresThe reader however, owncan
The uncertaintycalculations based thereupon.assumptions and many

in severalaccountedconsiderable, and the numbers cases seemcancases
surprisedadmit that I have beenprovocative. for IEven pan mustmy own

A possibleabsolute of environmental debt.relative thepartsome orover
persons undoubtedly leadwell other calculations woulddebate to aasas

understanding for future economical effectscertain base and better theamore
todays different activities the environment field.of on

of environmentalThe third discuss the development the debt.topurpose
borrowing unilaterally answeredpaying That question by theAre orwe

Sweden still borrowing from future generations, ininreport even we are
spite of all has done already.that been

precisely carrying forRespect for future generations the moral argument
taking of the enviromnent. This in the from the Worldreportcare appears
Commission Environment Development; without jeopardisingand theon

needs,possibilities of future generations satisfy their also wordsand theto
said originate Sioux chief; natureof wisdom that from oldto notare an

frominherited something borrowed fromsomething ancestors,we our we
children.our
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look something borrowed from children,at naturewe as we our
becomes natural think that will leave borrowed in its originalwhatto we we
condition together with for restoring the borrowed in its originalor resources

said fundamentalcondition. This be be the philosophy behind thetocan
of environmental debt.concept

ofWithin certain limited of utilise kindparts our economy, we a
environmental debt for includeIn the nuclearconcept. costs wastepower, we
disposal and for demolition of nuclear plants. During certain miningcosts

exploiter forced visually the whichenterprises, the to restore meansarea,
of merchandise. industrialincluded the price the Whenthat the cost

USA the question ofproperties and enterprises transferred in the today, aare
of the price. Severalpossible environmental debt great toconsequence

have neglectedSwedish companies have encountered problems when they to
environmentalrightly valuate this debt.

been discussed, for example extended hydro-restoration has alsoThe cost
ofelectric Valfrid Paulsson has said that for the amount moneysamepower.

kilometre of should be possibletakes buildthat tomotorto one way,
nearly its original The industry hasbuilt—out river state.restore to powera

borrowinto consideration and suggested that couldtaken thislater aone
restorecertain time and then it.for exploitation duringriver a

environmental debt in the form ofthis estimate, theBased coston
andhydro—electric could be calculatedfor Swedishrestoration cost power

ofenvironmental debt for othercompared the phase-out andcostto sources
energy.

environmentaldiscussed the ofwith whom I haveMany conceptpersons
maintenance andspontaneously wanted include neglectedhavedebt to

cableinvestments in communalfuture large repairs andthereby, new
of of technospherethis restoration thenetworks. As partconcerns a

definedof environmental debttherefore included in thenot concept as
this report.

Several revisionswith thiswith hesitation that I part report.nowsome
surely lot thatbehind this version and thereand recalculations moreare a
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specify the environmental debt. However, I hopeshould be doneand tocan
inspire people take in this work.the willthat to partreport more a
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