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Saateks

Looduskaitse killustatus endises Eesti NSV-s, erineva-
te ametkondade ja asutuste soov olla mitmesuguste
looduskaitseliste andmete ainuvaldajaks, samuti pal-
jude andmete salastatus on viinud selleni, et tinaseni
puudub v8imalus paljudel uurijatel, looduskaitsetoota-
jatel, teadlastel voi tavalisel vabariigi kodanikul ka-
sutada aastate jooksul kogutud andmeid.

Kiesoleva t00 autorid on esmakordselt ptitidnud
koondada need erinevad andmed tihte, et nad oleksid
kdigile kittesaadavad ja vorreldavad. Usna tihti on
andmed liinklikud ja vasturdékivad, kuid antud juhul ei
ole autorid seadnud iilesandeks andmete sisulist analiiii-
si, vaid just nimelt tuua andmed lugeja ette oma vastu-
rddkivustega naturaalsel kujul. See annab autorite arva-
tes igale lugejale vGimaluse ise otsustada andmete
tOepirasuse, samuti vigade iseloomu lile. Kdesolevas
t66s toodud materjal peaks andma ka v@imaluse ole-
masoleva vaatlusvorgu ja vaatlusmeetodite analiiiisi-
miseks ja optimaalseks iimberkorraldamiseks.

Autorid on kdesolevasse todsse liilitanud Eesti Kesk-
konnaministeeriumi, Looduskasutuse Infokeskuse,
Eesti Hiidrometeoroloogia Valitsuse (praeguse Eesti
Meteoroloogia ja Hiidroloogia Instituudi), Rakendus-
liku Geofiitisika Instituudi, samuti mitmete tuntud kesk-
konnauurijate té0dest saadud andmed. Algandmetega
saab loomulikult tutvuda iilalloetletud asutustes.

Autorid ei vilista ka seda, et nende vaateviljast
voisid vilja jddda monedki neile teadmata, kuid olu-
lised andmed. Seet&ttu on nad tdnulikud igale kriitili-
sele markusele ja ettepanekule kdesoleva too siivenda-
miseks ja tdiendamiseks uute andmetega.

Loodame, et see t60 on liheks oluliseks abimaterja-
liks teadlastele ja spetsialistidele, samuti laiale iildsu-
sele Ghusaaste alaste probleemide analiiiisimisel ja
olukorra hindamisel.

Jaan Saar

Preface

The fragmented character of environment protection
activities in the former Estonian SSR, the desire of
different departments and institutions to monopolise
various kinds of data concerning environment protec-
tion, combined with the fact that a large share of data
have been held classified information, have led to the
situation in which many environmental officials, rese-
arch scientists and the public of Estonia lack the possi-
bility to use the data gathered during the last decades.

The authors of this book have for the first time
attempted to combine data concerning air pollution in
Estonia in order to make them available for study,
comparison and use. Often the data are incomplete and
contradictory and the authors do not consider it their
aim to analyze the contents of the information. It was
specially planned to bring the information to the reader
in its real form, together with the contradictions. In the
opinion of the authors this enables the reader to pass
his/her own decision concerning the reliability of the
data as well as the character of the mistakes encounte-
red. The material presented in the current paper should
also make it possible to analyze the existing monitoring
network and methods and determine ways for their
optimation.

The authors have used data from the Estonian Mi-
nistry of the Environment, Nature Management Infor-
mation Centre, Estonian Hydrometeorological Depart-
ment (currently the Estonian Institute of Meteorology
and Hydrology), the Institute of Applied Geophysics,
as well as data from the publications of some environ-
mental scientists. It is certainly possible to study the
source information in the institutions mentioned above.

The authors do not exclude the possibility of mis-
sing some of the important data which they did not
know about. Therefore they are grateful for any critical
comments and proposals for improval and update of the
book.

Weexpect this publicationto be animportant source
of assistance for scientists and specialists but also to the
wider audience in analysing of air pollution problems
and assessment of the current situation.

Jaan Saar
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| PEATUKK
1 Ohk Eesti kohal

1.1 Olulisemad saasteallikad

1990. aastal paisati Eesti Vabariigi ettevdtete paikse-
test saasteallikatest dhku 610.9 tuhat tonni saasteai-
neid, selhulgas tahkeid (tolm, tuhk) 302.1 tuhat tonni ja
gaasilisi 308.9 tuhat tonni (tabel 1.1). Auto- ja muu
transpordipargi poolt paisati arvutuste jargi hku 498.4
tuhat tonni saasteaineid (tabel 1.2). Kui jdlgida reostus-
allikate jaotust voimsuse jargi, siis enamsaastunud ala
on Kirde-Eesti. Vdidvli emissioon iihe elaniku kohta
Kirde-Eestis moodustas 1988. aastal 364 kg (ilma Sil-
lamieta), kogu Eesti kohta oli vastav niitaja 67 kg
(Roots, 1990.a.). Viimase nditaja alusel oli Eesti Eu-
roopas tolleaegse Saksa DV — 118 kg ja Tsehhi-Slovaki
Liitvabariigi — 103 kg jirel kolmandal kohal.

Suurematest saasteallikatest paiknevad Kirde-Ees-
tis kaks suurt elektrijaama — Balti Soojuselektrijaam ja
Eesti Soojuselektrijaam, lisaks pdlevkivi tdotlemise
tehased (tabel 1.3).

Oluliselt on muutunud Eestis pdletatud kiituste lii-
giline koosseis. 1935 aastal Eestis pSletatud kiituste
koguhulgast moodustasid kiittepuud 64.5 %, pSlevkivi
11.1 %, kivisiisi 7.8 % ja pdlevkivi 0li 6.0 %, teiste
kiituste liikide protsent kiituste tildkogusest jdi alla4 %,
siis 1990.a. oli kolmeks pohi kiituseliigiks pdlevkivi,
masuut ja gaas, moodustades 90.1 % kiituste iildkogu-
sest (tabel 1.4). Viimaste aastakiimnete kiitusebilansi
muutust iseloomustab joonis 1.1.

Tabel 1.1 Suuremate saastekogustega piirkonnad 1990.a.

CHAPTER |

1 Air quality above the
territory of Estonia

1.1 Principal pollution sources

In 1990 the stationary sources of the Estonian enterpri-
ses emitted 610.9 thousand tons of air pollutants inclu-
ding 302.1 thousand tons of solids (dust, ash) and 308.9
thousand tons of gases (Table 1.1). Motor vehicles
caused the emission of 498.4 thousand tons of pollu-
tants according to calculations (Table 1.2). According
to the distribution of pollution sources North-East
Estonia is in the worst condition. The emission of
sulphur per inhabitant was 364 kg in North-East Esto-
nia in 1988 (without considering Sillamé&e), the corres-
ponding number for the whole republic being 67 kg
(Roots, 1990). According to the latter Estonia was the
third in Europe after the former German Democratic
Republic (118 kg) and Czech-Slovak Republic (103
kg).

Most of the biggest polluters among enterprises are
located in North-East Estonia: the two huge power
plants — the Baltic and Estonian Thermal Power Plant,
as well as the Kohtla-Jirve and Kividli Plants of Oil-
Shale Chemistry (Table 1.3).

The proportions between types of fuels combusted
in Estonia have changed considerably. In 1935 fire-
wood made 64.5 %, oil-shale 11.1 %, coal 7.8 % and
oil-shale 0il 6.0 % of the total of fuels used; the share of
the other kinds of fuel remained below 4 %. In 1990 the
three main fuels included oil-shale, heavy oil and
natural gas, making 90.1 % of the total (Table 1.4).
Changes in the balance of fuels used in recent years are
given in Figure 1.1.

Table 1.1 Areas of biggest pollution loads in 1990 (in

(fonnid). fons].
Piirkond Summa Tahked Gaasid Sealhulgas / Including
Area Total Solids Gases SO, CcO NO,
Linnad / Towns:
Narva 194988 130307 64680 58954 193 5273
Tallinn 36246 5203 31043 19537 6536 2468
Kohtla-Jarve 30191 6458 23733 12266 3022 1032
Tartu 5830 957 4872 727 3309 433
Parnu 5753 578 5174 2745 1820 273
Maakonnad / Districts:
La&ne-Virumaa 98360 84206 14154 9172 3477 1402
lda-Virumaa 151358 56758 94619 74126 9813 7306
Summa / Total: 610949 302062 308887 207818 59861 21686
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Tabel 1.2 Auto- ja traktoripargi poolt dhku paisatud — Table 1.2 Air pollution from transport vehicles (in thou-

saasteained tuhandetes tonnides suuremates linnades. sands of fons) in biggest towns.

Kokku / Total CO NO, CxHy

1990 1989 1990 1989 1990 1989 1990 1989
Tallinn 126.1 127 .4 98.0 99.2 10.3 10.2 17.8 18.0
Tartu 61.7 59.8 47.7 46.3 52 5.0 8.8 8.5
Parnu 35.8 33.7 27.5 26.0 3.2 2.9 5.1 4.8
Kohtla-Jarve 28.4 27.3 221 213 23 2.2 4.0 3.8
Narva 16.3 16.2 12.7 12.6 1.3 1.3 2.3 2.3
Eesti kokku
Total for
Estonia:. 498.4 47272 381.1 3624 45.6 43.6 71.6 68.2

Markus: Arvutused on tehiud Eesti Kitusekomiteelt saadud andmete pdhjal
Note: Calculations have been made using dota from “Festi Kiitus” {“Estonian Fuel”), based on utilized fuels

Tabel 1.3 Peamised 5hku saastanud ettevétied heitmeton-  Table 1.3 The biggest air polluters among enterprises

nide jérgi. according fo tons of pollutants.

Ettevotte nimetus Summa Tahked Gaasid Sealhulgas / Including
Enterprise Total Solids Gases SO, Q) NO,
1. Balti SEJ

Baltic Thermal Power Plant (TPP) 1892109 125069 64040 58788 5252
2. Eesti SEJ

Estonian TPP 133031 53621 79410 66055 6417 6852
3. Eesli Tsement

“Estonian Cement” Q0699 82610 8089 6406 702 281
4. Palevkivikeemia Tootmiskoondis

Oil-Shale Chemistry Association 14759 940 13819 5559 700 359
5. Iru SEJ

fru TPP 12609 124 12484 12061 423
6. Sillamée Keemia-Metallurgiakombinaat

Sillamée Plant of Metallurgy-Chemistry 9186 681 8505 2640 1211 555
7. Kivigli Pdlevkivikeemia Kombinaat

Kivisli Plant of Oil-Shale Chemistry 8891 951 7940 3006 1539 117
8. Tallinna Soojusvérguettevdtted '

Tallinn Heating Systems 5478 31 5447 4895 551
9. Kohtla-Jarve SEJ

Kohtla-Jarve TPP 4783 1277 3505 3394 111

10. Narva Ehitusmat. Komb.
Narva Plant of Consfruction Materials 4861 4829 31 1
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Tabel 1.4 Eestis poletatud kitused
Tarand, 1991).

1990.a. (Eensaar,

Table 1.4 Fuels combusted in Estonia in 1990 (Eensaar,
Tarand, 1991).

Kituse liik Kituse hulk {tub.tonni) Soojuslik ekvivalent (Geal) % koguhulgast
Type of fuel Amount of fuel (th of fons]  Heating equivalent {Gcal) % of the total
Pslevkivi / Oil-shale 22000.0 52620 59.5
Masuut / Heavy oil 1500.0 14250 16.1
Kivistsi / Coal 390.0 2540 2.9
Petrool / Pefrol 126.6 1320 1.5
Bensiin / Gasoline 519.0 545 0.6
Diiselkitus / Diesel 592.0 610 0.7
Turvas / Peat 639.6 2050 2.3
Turbabrikett / Peat brickettes 220.6 638 0.7
Kittepuud / Firewood 318.0 1050 1.2
Gaas [milj.m®) / Natural gas (mill.m’) 1600.0 12800 14.5
Poletatud kitused 1965-1990 a.
% Combusted fuels in 1965-1990

80

5|l 1965

oo bl 1970

5% [] 1975

40 | Bt 1980

30 ¥ B 1985

20 B B 1990

1054

HElE. BEXR: mﬁﬁh- 5 52c B AL
Pélevkivi Masuut Kivisisi Turvas Kittepuud Gaas
Oil-Shale Oil Coal Peat Wood Gas

Joonis 1.1 Pdletatud kiitused 1965-1990 a.

Eesti tdhtsamaks energeetiliseks ressursiks on po-
levkivi. Polevkivil tootavad kaks suurt elektrijaama —
Eesti ja Balti Soojuselektrijaam. Samuti m&ned viiks-
emad elektrijaamad, 3 pdlevkivi imbertddtamise ja
poOlevkivikeemia kombinaati ja tehast. Peale eeltoodu
kasutatakse pdOlevkivi kiitusena ka tsemenditehases
“Eesti Tsement”.

Eesti polevkivil on vidga mitmekesine keemiline
koostis, kusjuures poole kogu pdlevkivist moodustab
mineraalosa, milline koldest eraldub pélevkivituhana.
Polevkivi nii orgaanilise kui anorgaanilise osa koossei-
sus moodustab vadvel ligikaudu 1.65 %, lammastik =

Figure 1.1 Combusted fuels in 1965-1990.

The most important source of energy in Estonia is
oil-shale. It is used for heating the two big power plants
—the Estonian and Baltic thermal Power Plants, as well
as some smaller power plants and three plants of oil-
shale processing and chemistry. Besides this oil-shale
is also used as fuel in “Estonian Cement”.

Estonian oil-shale has a complicated chemical com-
position. Over one half of the material is its mineral part
which remains in the kilns as ash. Sulphur makes
approximately 1.65 %, nitrogen= 0.1 %, chlorine = 0.2
% of the organic and inorganic part of oil-shale (Jego-
rov, 1988). Jegorov and others (Jegorov, 1988) at-



eesti

english

0.1 %, kloor = 0.2 %, jne. (Jegorov, 1988). Jegorovi ja
teiste (Jegorov, 1988) poolt piiiiti madrata elektrijaa-
made kateldest viljapaisatavate gaaside “suhteline oht-
likkus” sdltuvalt saasteainete lubatavatest piirkontsent-
ratsioonidest (LPK-st)**, Arvestustes ldhtuti katelde
T- 101 suitsugaasides sisalduvatest ainetest (tabel 1.6).
Tuha mineraalosas sisalduvate toksiliste ainete kohta
on pohjalik analtiiis tehtud Tallinna Tehnikatilikoolis
(Oispuu j.t.) (Tabel 1.5).

Tabel 1.5 Pélevkivis ja lendivhas sisalduvad méningad
raskmetallid grammi/tonnis.

tempted to measure the “relative hazardousness” of
thegases emitted from kilns depending on the Maxi-
mum Permissible Concentrations (MPC) in air**. Cal-
culations were based on compounds contained in the
smoke and gases of the T-101-type kilns (Table 1.6).
Data concerning toxic substances contained in the
mineral part of ashes have been published by the
Tallinn Technical University (Oispuu et al.) (Table
1.5).

Table 1.5 Toxic substances in the oilshale and in the oil-
shale ash gram per tons.

Hg Cd Pb Ni Cr \% Sh As  Co Cu Zn  Mn Mo
Pslevkivis keskm.
Oil-Shale appr. 026 283 214 135 259 186 049 9 3.30 922 62 302.0 3.8
Tuhas keskm.
Ash appr. 1.03 270 163.6 185 471 556 3.04 38 604 829 284 2789 1446

Tabel 1.6 Pélevkivielekirijaamade poolt shku paisatavate
Ghendite suhteline ohtlikuse aste {Jegorov, 1988).

Table 1.6 Relative degree of hazardousness of com-
pounds originating from oilshale heated power plants
[Jegorov, 1988).

LPK* Keskmine sisaldus suitsugaasides C/LPK*
Compound MPC* Average content in gases, C C/MPC*
NO, 0.085 mg/m® 300 mg/m? 3529
SO 0.5 mg/m’ 1840 mg/m® 3680
Hef 0.2 mg/m? 250 mg/m’ 1250
Bensola]pireen
Benzo(ajpyrene 0.1 ug/100 m* 8 ug/100 m* 80
Lendtuhk
Fly ash 0.5 mg/m® 1000 mg/m? 2000

10539

LPK* — Ghekordne maksimaalne gaasi kontsentratsioon elamurajoonides, milline ei kutsu esile inimese organismis

reflektoorseid reakisioone.

MPC* = Single Maximum Permissible Concentration [MPC) to be measured in residental areas, which does not cause

reflectory reactions in human organism.

*#* 1 ubatud piirkontsentratsioonid pShinevad endise Nouko-
gude Liidu instituutide poolt vilja totatud ja NSVL peasa-
nitaararsti poolt kinnitatud normidele. Alates 18.11.91.a.
kehtivad Eestis EV Keskkonnaministri madrusega nr. 16
kehtestatud "Vilischu saasteainete normatiivid”, kus on
aluseks voetud teiste valisriikide kogemused. Vt. tabel 2.1,
Ik. 29

** The permissible pollution concentrations are based on the
norms elaborated by the former USSR institutions and
approved by the head doctor of public health service. On 18
November 1991 the Ministry of the Environment of the
Republic of Estonia passed its regulation no. 16 on the
"Norms of Qutdoor Air Pollutants” currently valid in Esto-
nia, grounded on the experiences of other foreign states. See
also Table 2.1, p. 29
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Viimastel aastatel on méddratud kindlaks ka tidhtsa-
mate atmosfidriheitmete intensiivsus ning hulk reas
Kirde-Eesti poOlevkivittotlemise ettevottes (Rétsep,
1991).

TK “Polevkivikeemia” paiskab aastas Shku ligikau-
du 16 600 tonni (koos autotranspordiga) kahjulikke
saasteaineid, millest 48 % langeb pdlevkivitootlemise
japolevkivikeemia protsesside arvele, 26 % moodusta-
vad heitmed aromaatsete siisivesinike (sisseveetava
piiroliitisi6li baasil) ja 22 % liitvéetiste tootmiselt.

Kivioli PKT aastane atmosfddri heitmete kogus on
8 900 tonni, millest soojuselektrijaam (p&levkivi ja
generaatorgaasi pSletamine) annab ligikaudu 53 % ja
pdlevkivi keemiline t86tlemine 36 %, ning tilejddnu
langeb pohiliselt formaliini ja pesuvahendite tootmise
arvele (tabel 1.7). Tuvastatud organiseeritud ja organi-
seerimata saasteallikate {ildarv neis ettevotetes on ligi-
kaudu 850 (Ritsep, 1991).

Tabel 1.7 Tahisamate atmosfadriheitmete intensiivsus ja
hulk pslevkivitéstlemise ettevétetes (1990.a. seisuga piir-
heidete normatiivide projektide alusel].

Inrecent years the intensity and amounts of the main
air pollutants have been determined in a number of oil-
shale processing enterprises in North-East Estonia (Rét-
sep, 1991).

The Production Association “Pélevkivikeemia”
(““Oil-Shale Chemistry”) (including emission by motor
vehicles) emits yearly approximately 16,600 tons of
pollutants. 48 % of these originate from the different
stagesinoil-shale processing and chemistry, 26 % from
the production of aromatic hydrocarbons (based on
imported pyrolyse oil) and 22 % from production of
multi-nutrient fertilizers.

The yearly amount of air pollutants emitted by the
Kivi6li Plant of Oil-Shale Chemistry was 8,900 tons in
1991. The heating and power plant (combustion of oil-
shale and generator-gas) produced approximately 53 %
and chemical processing of oil-shale 36 %; the balance
was given by production of formaline and washing
agents mainly (Table1.7). The total number of registe-
red and non-registered sources of pollution was deter-
mined to be around 850 (Rétsep, 1991).

Table 1.7 Intensify and amounts of the main air pollutants
originating from oilshale processing enterprises (as in
1990) according to the proposed standards for pollutants.

Saasteained / Pollutants LPK / MPC TK “Palevkivi” / PA “Pélevkivi”  Kivisli PKT / Kiviéli POP
mg/m° a/s t/aastas a/s t/aastas
t/year t/year
Vaaveldioksiid / Sulphur dioxide SO, 0.500 303.0 6331.0 159.0 3007.0
Lammastikdioksiid / Nifrogen dioxide NO, 0.085 18.0 436.0 8.1 121.0
Susinikoksiid / Carbon monoxide CO 5.000 264.0 822.0 133.0 1569.0
Vesiniksulfiid / Hydrogen sulphide H,S 0.008 6.1 19.0 0.5 35
Fenoolid* / Phenols* 0.01/0.007 0.5 12.0 0.3 52
Ammoniaak / Ammonia 0.200 15.0 440.0 0.1 1.6
Susivesinikud: / Hydrocarbons:
— eftiiilbenseen / - ethyl-benzene 0.020 0.1 1.8 12.0 263.0
~ slireen / ~ styrene 0.040 0.5 12.0 8.7 123.0
- benseen / — benzene ©1.500 83.0 1803.0 3.5 64.0
— tolueen / — toluene 0.600 32.0 629.0 16.0 347.0
— pdlevkividli bensiinifraktsioon /
~ gasoline fraction of oil-shale ol 0.050 38.0 1078.0 0.2 6.7
— teised sUsivesinikud / — other hydrocarbons 5.000 245.0 3108.0 118.0 2154.0
Formaldehtitidid / Formaldehydes 0.035 0.1 2.8 6.6 70.0
P&levkivituhatolm / Dust of oilshale ash 0.300 0.7 20.0 89.0 805.0
Pesuvahendite tolm / Dust of washing agents 0.040** - - 1.5 143.0
Karbamiid / Carbamide 0.200 325 836.0

* 0.01 - hidroksibenseen; 0.007 - pdlevkivifenoolid / *0.01 ~ hydroxybenzene; 0.007 - oilshale phenols
** 0.04 - arvestatult alkiilsulfaadile / **0.04 - as calculated for alkylsulphate
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1.2 Saasteainete koormused

Elektrijaamade korstendest viljuvad gaasid sisaldavad
erinevaid kahjulikke {ihendeid — gaasilisi komponente,
lendtuhka s.h. raskeid metalle ja radioaktiivseid aineid.
Nende ainete mdju suurust on piiiitud ka ligildhedaselt
hinnata. Nii on EMEP (European Monitoring and Eva-
luation Programme) programmi raames vélja arvu-
tatud, et 1980. aastal sadenes Eestis 71 000 tonni
vaavlit (keskmiselt 1.57 g S/m? aastas), millest 26000
tonni oli Eesti oma paiksetest allikatest. Teistele riiki-
dele anti kokku 56 000 tonni vddvlit. 1988 aastal olid
vastavad arvud 57 000 tonni (1.26 g S/m? aastas), 20
000 tonni Eesti oma piritoluga vidvlit ning teistele
riikidele anti kokku 42 000 tonni vddvlit (Tuovinen,
1989). J.Frey ja teiste (Frey, 1988) andmetel sadenes
1987 aastal vabariigis 90 000 tonni vdavlit (1.99 g S/m*
aastas), millest pool pérines kaugiilekandest.

J.P.Tuovinenesialgsetel andmetel (Tuovinen, 1989)
sadenes 1987 aastal Eestis 2 000 tonni vaavlit, mis oli
pdrit Tsehhoslovakkiast, 4 000 tonni Poolast, 5 000
tonni Saksamaalt (4 000 t. SDV + 1 000 t. SFV), 3 000
tonni Soomest, 2 000 tonni Litist, 1 000 tonni Ungarist,
Rootsist, Inglismaalt, jne. Meid imbritsevatest teistest
NSV Liidu osadest Valgevenest 2 000 tonni, Leningra-
di oblastist 2 000 tonni, Ukrainast 1 000 tonni, jne.

Oluliseks ¢hu saastatuse nditajaks on vaavli- ja
lammastiku kuiv-ja mirgsadenemine. Kuna kuivsade-
nemise kohta meil puuduvad andmed, siis vGtame
vaatluse alla ainult méirgsadenemise.

S. Joffre (Joffre, 1988) andmetel moodustab méarg-
sadenemine Lidnemere regioonis vadvli puhul ligikau-
du 60 % ja ldmmastiku puhul 80 % nende iihendite
aastasest summaarsest koormusest pinnaiihikule.

Sademete keemilist koostist analiilisitakse Eestis
viies meteoroloogiajaamas (joonis 1.2). Kirde-Eestiga
on seotud kolm jaama: Johvi, Tooma ja Tiirikoja,
Liddne-Eestis on jaam SOrves ja PGhja-Eestis Tallinnas.
Sademete kuu keskmistest proovidest mdiratakse Eesti
Hiidrometeoroloogia Valitsuse laboratooriumis sade-
mete pH, sulfaat-, kloor-, nitraat-, hiidrokarbonaat-,
ammoonium-, kaltsiumi- ja magneesiumioonide si-
saldus. Kahjuks on andmed liinklikud. 1988. aasta on
iks védhestest aastatest, mille kohta sai tervikuna (ka
kuude 16ikes) vilja arvutada viavli ja limmastikukoor-
mused Johvis, Toomal ja Tiirikojas.

Peale eeltoodute on Eestis veel kaks Ghusaaste kaug-
leviuurimise EMEP jaama (Sorve ja Lahemaa), millis-
tes toimub 60pdevaringne 6hu, aerosoolide ja sademete
proovide kogumine kusjuures keemiline analiilis te-

1.2 Pollutant loads

Gases emitted from the chimneys of the power plants
containdifferenthazardous compounds such as various
gaseous compounds, fly ash (including heavy metals
and radioactive compounds). It has been attempted to
estimate the influence of those substances. Within the
EMEP (European Monitoring and Evaluation Program-
me) framework it has been calculated that in 1980
71,000 tons of sulphur precipitated on the surface of
Estonia (making 1.57 g S/m? per year on the average)
26,000 tons of which originated from within Estonia.
The other countries in their turn were “supplied” with
56,000 tons of sulphur. The corresponding numbers in
1988 were 57,000 tons (1.26 g S/m? per year); 20,000
tons originating from within the country and 42,000
tons “sent” to the other states (Tuovinen, 1989). Accor-
ding to the data of J.Frey etal (Frey, 1988), 90,000 tons
of sulphur precipitated on the surface of Estonia in
1987 (1.99 g S/m? per year) half of which was due to
transboundary pollution.

According to the preliminary data of J.P. Tuovinen
(Tuovinen, 1989) out of the sulphur which precipitated
in Estonia in 1987 2,000 tons originated from Czecho-
Slovakia; 4,000 tons from Poland; 5,000 tons from
Germany (4,000t from the GDR and 1,000 t from West
Germany), 3,000 tons from Finland; 2,000 tons from
Latvia; 1,000 tons from Hungary, Sweden, Great Bri-
tain, etc. Out of the surrounding parts of the former
USSR Byelorussia supplied 2,000 tons; the St. Peters-
burg region 2,000 tons; the Ukraine 1,000 tons, etc.

An important indicator of air pollution is dry and
wet deposition of sulphur and nitrogen. As no data was
available concerning dry deposition, we only consider
wet deposition.

According to the data of S. Joffre (Joffre, 1988) wet
deposition supplies approximately 60 % of the yearly
total load of sulphur compounds and 80 % of nitrogen
compounds per surface unit in the Baltic Sea region.

The chemical composition of precipitation is analy-
zed in five meteorological stations in Estonia (Figure
1.2). Three of those are located in North-East Estonia:
Johvi, Tooma and Tiirikoja. The Sorve station is loca-
ted in West Estonia and Tallinn on the north coast. In
the Laboratory of the Estonian Hydrometeorological
Department the pH, concentrations of sulphate, chlori-
de, ammonium, nitrate, hydrocarbonate, calcium and
magnesium ions are determined. Besides the mentio-
ned ones there are two more stations for research
concerning transboundary air pollution — the EMEP
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hakse viljaspool Eestit (Roots, 1991). Halva tehnilise
varustatuse tottu ja muudel objektiivsetel pohjustel on
vaatluste rida ajaliselt kiill pikk, kuid liinklik. K&esole-
vas to0s on vélja toodud tabelitena eelpool nimetatud
jaamade vddvli jaldammastiku koormused aastatel 1985
—1990 (vaata lisa).

P&hjamaades on joutud jdreldusele, et vddvli aasta-
koormus ei tohi iiletada 0.3-0.5 g/m?, siis ei teki met-
sades kahjustusi (Kulmala, 1988). Johvi, Tooma ja
Tiirikoja 1988. aasta vddvlikoormused iiletasid eeltoo-
dud niitajad vastavalt 11.4; 4.2 ja 5.5 korda. V&rdluse-
na Sorves 1988. aastal vidvlikoormus oli 1757.2 mg/
m? ja summaarne ldmmastikukoormus 825.6 mg/m?
(Roots, 1991a,b). Vordlusena on toodud ka m&ningate
Eesti lihistel olevate metereoloogiajaamade vastavad
niitajad, kust Eestisse vOib vddvel kanduda kaugiile-
kandega (tabel 1.8).

Eeltoodust ndhtub, et Kirde-Eesti saaste niitajad on
vidga korged sulfaatide, kloori ja kaltsiumi osas. Johvi
nditajad tiletavad Hiidrometereoloogia teenistuse and-
metel SOrve jaama néitajad sulfaatide osas 3.2 korda.
Eestile oniseloomulik, et kloori ja kaltsiumi osa saastes
on kdrge. See on pShjustatud eeskitt looduslikest ised-
rasustest ja pdletatava polevkivi, samuti tsemendi ja
lubja tootmises eralduvate gaaside vihesest puhasta-
misest.

Tabel 1.8 Saasteainete aastakoormused pinnaihikule
1986. aasta keskmiste andmete pdhjal (mg/m?) (Jezhegod-
nik, 1987). '

stations in SOrve and Lahemaa in which samples of air,
aerosols and precipitation are being collected conti-
nuously. The chemical analyses of those samples are
made outside Estonia (Roots, 1991). In the present
survey the sulphur and nitrogen loads in the years
1985-1990 as determined by the mentioned stations
are given (Appendix).

Due to problems concerning equipment and other
reasons the time series is long butincomplete. Therefo-
re 1988 is one of the few years for which it was possible
to calculate total and monthly loads of sulphur and
nitrogen in Johvi, Tooma and Tiirikoja.

In the Nordic countries it has been estimated that in
case the yearly sulphur load does not exceed 0.3-0.5 g/
m?, it does not induce forest damage (Kulmala, 1988).
The sulphur loads measured in 1988 in Johvi, Tooma
and Tiirikoja exceeded the mentionedlevelby 11.4;4.2
and 5.5 times, respectively. For comparison it might be
mentioned that the sulphur 1oad measured in 1988 in
Sorve was 1757.2 mg/m? and the total nitrogen load
was 825.6 mg/m? (Roots, 1991a,b). The corresponding
numbers from some meteorological stations located in
areas near Estonia which can be effected by transboun-
dary pollution are also given for comparison (Table
1.8).

From the given information it might be derived that
the indicators concerning air pollution in North-East
Estonia are very high for sulphates, chiorine and calci-
um. The numbers concerning sulphates measuredin the
Johvi station exceed the ones measured in SGrve by 3.2
times. It is typical for Estonia that the share of chlorine
and calcium in the pollutionload is high. This is mostly
due to local natural conditions and the insufficient
treatment of gases emitted by power plants, cement and
lime industry.

Table 1.8 Pollutant loads per surface unit according to the
mean data of 1986 (mg/m? (Jezhegodnik, 1987).

Jaam / Station SO~ Cl- NO, Ca? NH,~
Sorve 3796 4595 999 1732 599
Tooma 4782 2429 987 1214 683
Johvi 12062 7694 848 4173 848
Tallinn 7404 5536 1038 3183 692
Tiirikoja 6107 2878 1053 1825 772
Kaunas 7497 1000 1714 1285 2213
Shilute 11622 3432 2262 4134 1248
Kemeri 7566 1794 2184 1950 1716
Leningrad 5753 1271 1137 2140 669
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Kirde-Eesti (Kohtla-J4rve linn ja Ida-Virumaa ning
Narva ilma Sillaméeta), moodustab Eesti pindalast 7.1
%, kuid annab kogu vabariigi vidvli emissioonist 71 %
(Roots, 1990). Elektrijaamade védvlisaaste levikut on
TA Keemia Instituudis uuritud lumeproovide analiilisi-
de kaudu. Joonisel 1.3 on toodud lumeproovide kogu-
mise punktid ja tabelis 1.9 saasteainete sadestumine
mg/m?, mis sadenesid lumega Kirde-Eestis ja Peipsi
jdrve piirkonnas 95 00pdeva jooksul talvel 1986/87
(Paalme, 1988).

North-East Estonia (the town of Kohtla-Jérve, Ida-
Virumaa district and Narva without Sillamie) form 7.1
% of the territory of Estonia but provide 71 % of the
total sulphur emission originating from the country
(Roots, 1990). Spatial distribution of sulphur pollution
from the power plants has been studied via analyzing
snow samples in 1986/87. The sampling sites are pre-
sented in Figure 1.3 and deposition of pollutants (mg/
m?), as precipitated in the snow in North-East Estonia
and the Lake Peipsi area through 95 days, in Table 1.9
(Paalme, 1988).
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Figure 1.3 Snow sampling sites
in the winter 1986/87.
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Oligotroofsetele jarvedele on ohutu piir bioloogide
arvates 0.5 g/m? viavlit (Kulmala, 1988). Kohtla-Jirve
lihedal Aas ning Peipsi jarve pShjaosas (Alajdel) ula-
tus eeltoodud tabelist 1.9 viljaarvutatud véavli aasta-
koormus vastavalt 2.09 g/m? ja 1.74 g/m?, ehk 3-4
korda kOrgem vidvlikoormusest, mille puhul tdhelda-
takse juba metsakahjustusi. Té0des on toodud andmed
Eesti Elektrijaama (tabel 1.10), Kohtla-Jarve Keemia-
kombinaadi (tabel 1.11) ja Kividli Pdlevkivitehase
naabruses (tabel 1.12) korjatud lumeproovidest. Elekt-
rijaama puhul on sulfaatide ja kaltsiumi kontsentratsi-
ooni vidrtused suuremad pShja ning kirde suunas.

Tabel 1.9 Peipsi jdrve ja selle Gmbruse atmosfédrse
anorgaaniliste sooladega saastamise intensiivsus (mg/m?
&épdevas) mdsdetuna 1986/87 aasta talvel pisivas lume-
kattes (Paalme, 1988).

According to biologists the “safety level” concer-
ning sulphur is 0.5 g/m? for oligotrophic lakes (Kulma-
la, 1988). Near Kohtla-Jirve, in Aa and in the northern
part of Lake Peipsi (Alajoe) the yearly sulphur load as
calculated from the given data (Table 1.9) reached 2.09
g/m?and 1,74 g/m?, respectively, exceeding the load at
which forest damage can be detected by 3—4 times. The
data concern snow samples gathered in the surroun-
dings of the Estonian Thermal Power Plant (Table
1.10), the Kohtla-Jarve Plant of Oil-Shale Chemistry
(Table 1.11) and the Kividli Plant of Oil-Shale Che-
mistry (Table 1.12). In the case of the power plant,
higher concentrations of sulphates and calcium have
been measured in samples taken north and north-east
from the plant.

Table 1.9 Intensity of pollution with inorganic salts of lake
Peipsi and its environs as measured in permanent snow
cover in the winter 1986/87 (mg/m? per day] (Paalme,
1988).

Proovivatukoht ja selle lumevee pH  Na* K Co* Cl- NO, SO*
kaugus kaldast km*

Sampling site from pH of snow

the shore, km*

1. Koosa 5.85 0.18 0.66 2.15 0.96 3.22 4,17
2. Varnja (0.5) 5.00 0.07 0.15 1.72 0.32 2.65 4.68
3. Vamija (2) 5.68 0.15 0.18 2.21 0.56 2.49 3.41
4. Varnja (5) 5.48 0.09 0.23 2.17 0.69 3.35 3.94
5. Saare 5.15 0.14 0.26 1.48 0.26 2.27 2.18
6. Kallaste (0.5) 535 0.13 0.15 1.57 0.36 2.15 3.15
7 . Kallaste (2) 5.30 0.05 0.09 1.24 0.29 2.36 2.77
8. Kallaste (5} 595 0.07 0.20 1.65 0.30 1.91 4.00
9. Torma 5.90 0.27 0.70 2.30 0.58 2.16 3.17
10. Mustvee (0.5) 5.80 0.14 0.32 1.55 0.55 1.94 2.86
11. Mustvee (2) 7.28 0.53 0.65 5.05 1.60 2.72 4.58
12. Musivee (5) 525 0.09 0.47 1.43 0.63 2.95 4.22
13. Avinurme 6.20 0.27 0.62 3.42 0.83 534 6.02
14. Rannapungerja 6.78 0.55 0.63 3.00 1.46 6.33 13.53
15. Alajde (0.5) 7.70 1.77 1.38 16.92 5.07 6.00 14.30
16. Vasknarva (0.5) 7.57 0.47 0.78 4.94 2.39 2.30 4.45
17. Kivinémme 7.20 0.21 0.40 8.48 0.82 3.42 11.08
18. Karoli 7.75 0.22 0.40 8.47 1.20 3.58 10.75
19. Kuningakila 7.75 0.13 0.29 8.82 0.77 4.29 10.80
20. Utria 9.15 0.43 1.06 14.70 1.87 1.47 15.53
21. Aa 9.45 0.63 1.05 11.17 1.81 2.23 17.18
22. Kuusalu 6.90 0.29 0.41 2.20 0.76 1.44 1.76

* Vaata joonis 1.3

* See Figure 1.3
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Tabel 1.10 Odpdevas sadenevate ioonide kogused pin-
naihikule erinevatel kaugustel Eesti Elektrijaamast (Voll,
1088 Voll, 1989

Table 1.10 Amounts of ions precipitating per day per
surface unit at different distances from the Estonian Thermal

Power Plant (Voll, 1988; Voll, 1989).

Proovivdtu koht pH Ca? Cl- NO,- SOx Benso(a)pireen

Sampling sife Benzo(ajpyrene
g/ha 10 g/m?

1.5 km ldunasse / 1.5 kmto S 7.54 289.0 13.8 37.8 298.0 4.8

2 km ldénde / 2 km to W 7.79 331.0 30.3 434 394.0 6.0

1 km kirdesse / T km to NE 8.03 775.0 37.3 57.0 150.0 29

30 km kirdesse / 30 km to NE 8.00 901.0 923 37.8 1642.0 2.5

5 km pdhja / 5 kmto N 8.16 513.0 263 14.9 626.0 2.8

10 km p&hja / 10 km fo N 7.78 456.0 32.3 18.0 639.0 55

15 km pdhja / 15 kmto N 7.81 1110.0 46.2 552 854.0 7.8

20 km pdhja / 20 km to N 7.96 589.0 50.0 42.2 804.0 4.2

30 km loodesse / 30 km fo NW 7.60 142.0 17.0 13.0 157.0 2.0

15 km loodesse / 15 km to NW 7.55 135.0 13.8 353 205.0 1.5

20 km loodesse / 20 km to NW 7.67 232.0 32.7 59:2 384.0 3.2

Tabel 1.11 Opdevas sadenevate ioonide kogused erine-
vatelkaugustel Kohtla-JGrve keemiakombinaadist (Voll, 1 988;
Voll, 1989).

Table 1.11 Amounts of ions precipitating per day per
surface unitat different distances from the Kohtla-Jérve plant

of oil-shale chemistry (Voll, 1988; Voll, 1989).

Proovivatu koht pH Ca® Cl- NO,- SO~ Bensola)piireen

Sampling sife Benzo(ajpyrene
g/ha 108 g/m?

1 km |3unasse / 1 km fo S 8.10 512.0 36.6 9.9 576.0 125.0

6 km IBunasse / 6 kmfo S 7.90 313.0 19.5 19.2 261.0 3.7

1.5kmitta/ 1.5kmto E 8.05 420.0 252 23.6 378.0 1.9

3kmitta /3 kmto E 8.33 367.0 24.9 9.9 492.0 8.5

S5kmita /5 kmto E 7.88 378.0 31.6 37.8 357.0 2.6

14kmitta/ 14dkmto E 7.73 132.0 334 29.8 328.0 1.6

3 kmitta / 3 km to NE 8.05 632.0 32.7 403 979.0 9.0

16 km kirdesse / 16 km to NE 7.55 194.0 30.2 34.7 309.0 1.8

5 km pdhja / 5 kmto N 8.30 1005.0 451 27.3 2350.0 10.1

2 km p&hja / 2 km to N 8.27 1020.0 34.4 9.9 1790.0 2.8

5 km loodesse / 5 km to NW 8.21 536.0 27.3 9.9 703.0 5.0

10 km loodesse / 10 km fo NW 7.72 408.0 29.8 353 440.0 8.0

Ohtlikumad kohad vidavli- ja kaltsiumireostuse osas
avastati Kohtla-Jdrve keemiakombinaadist pohja suu-
nas (Saka kiila piirkonnas), kus védvlireostus tdusis
00pievas 0.078 g/m?, ehk 2.6 g vddvlit m? kohta aastas.

Polevkivi tootlemistehaste ja elektrijaamade iim-
bruses olid sademete ioonide summaarsed kogused
1000-3500 g/ha 66pdevas (350-1200 kg/ha aastas)
ning suurema osa ioonsest koostisest moodustasid Ca?*
ja SO

The places suffering most from sulphur and calcium
pollution were detected to the north from the Kohtla-
Jarve Plant of Oil-Shale Chemistry (in the surroun-
dings of the Saka village) where the daily sulphur load
reached 0.078 g/m? making 28.6 g of sulphur per square
metre per year.

The measured total amounts of ions contained in the
precipitation near oil-shale processing enterprises and
power plants were 1000-3500 g/ha daily (350-1200

15
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Lisaks eeltoodule on Kirde-Eestis médratud kantse-
rogeensete mitmetuumaliste poliitsiikliliste areenide
kontsentratsioonid Eesti Elektrijaama lendtuhas ja tu-
has (tabel 1.13) ning eeltoodud iihendite saastamise
intensiivsus kuues eri kohas Kirde-Eestis (tabel 1.14).

Tabel 1.12 Oépdevas sadenevate ioonide kogused eri-
nevatel kaugustel Kivisli pélevkivikeemiatehasest (Voll,

1989).

kg/ha per year), the biggest share given by Ca?* and
SO,* ions.

In addition to the mentioned facts concentrations of
carcinogenic polynuclear polycyclic arenes in the fly
ash and ash of the Estonian TPP (Table 1.13) and the
intensity of pollution with these compounds in Six
places in North-East Estonia (Table 1.14) have been
measured.

Table 1.12 Amounts of ions precipitating per day per
surface unitat different distances from the Kiviéli plant of oil-
shale chemistry {Voll, 1989).

Proovivétu koht pH K+ Na* Ca? Cl- NO,~ SO,  Bensola)pireen

Sampling site Benzo(ajpyrene
g/ha 10 g/m?

1 km 16unasse / 1 kmto S 7.83 3.9 7.8 292.0 14.2 9.9 204.0 1.8

3 km I6unasse/ 3 km to S 7.50 2.1 9.7 136.0 12.8 9.9 156.0 1.2

3kmitta/ 3kmio E 7.70 8.9 10.6 270.0 34.4 9.9 255.0 3.2

3 km kirdesse / 3 km to NE 8.35 7.0 244 4750 185 9.9 317.0 4.0

6 km kirdesse / 6 km to NE 8.15 3.9 6.7 388.0 16.9 9.9 226.0 0.9

Skmitta / 5kmto E 7.49 2.7 58 1320 131 9.4 161.0 1.9

10 km kirdesse / 10 km fo NE 7.60 7.4 78 2660 266 9.9 265.0 2.1

1 km p&hja / 1 km fo N 837 250 1040 84630 273 9.9 597.0 58

3 km pdhja / 3 km to N 8.35 207 442 7790 149 149 417.0 0.1

6 km pdhja / 6 kmto N 7.88 4.3 12.9 322.0 15.3 9.9 236.0 1.7

3 km loodesse / 3 km to NW 8.23 7.0 33.6 566.0 24.9 13.0 376.0 2.5

1 km laénde / 1 km to W 828 129 322 1046.0 486 9.9 451.0 4.4

3 km laénde / 3 km to W 7.99 6.2 16.3 373.0 21.3 9.9 311.0 2.6

8 km laénde / 8 km to W 8.20 3.1 6.4 89.0 12.1 9.9 125.0 27

15 km l&énde / 15 km to W 7.61 9.8 9.7 133.0 53 31.0 171.0 2.5

Tabel 1.13 Kantserogeensete mitmetuumaliste poliitsiikli-
liste areenide konsentratsioon Eesti elektrijaama lendtuhas
ja tuhas (Paalme jt., 1990).

Table 1.13 Concentration of carcinogenic polynuclear
polycyclic arenes in the ash and fly ash of the Estonian
Thermal Power Plant (Paalme et al., 1990).

Polistsiklilised areenid / Polycyclic arenes Lendtuhk / Fly ash Tuhk / Ash
' pa/kg rg/kg

1. Pireen / Pyrene 32.6 20.9
2. Kruseen / Crysene 62.9

3. Bensole]pireen+Fluoranteen / Benzo(e)pyrene+Fluoranthene 10.6
4. Bensola]pireen / Benzofajpyrene 13.5 87
5. Dibens(ah)antratseen / Dibenz{ah)anthracene 160.1
6. Bens|ghi)perilleen / Benzo[ghilperylene 191.0 122
7. Dibens(ai]pireen / Dibenzo(ai)pyrene 76.5
8. Koroneen / Coronene 14.8*
Kokku / Total: 300.0 407.6

* Antantreeni sisaldus / * Concentration of anthantrene
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Tabel 1.14 KirdeEesti kantserogeenidega saastamise
intensiivsus ng/m? &pevas) méddetuna 1986/87 aasta
talve pisivas (95 pdeva) lumekattes (Paalme, 1990).

Table 1.14 Intensity of pollution of North-East Estonia with
carcinogenic compounds as measured in permanent (95
days) snow cover in the winter 1986/87 (ng/m? per day)
[Paalme, 1990).

Politsiklilised areenid / Polycyclic arenes

Proovivatukoht / Sampling sites

Varnja  Kallaste  Vasknarva Karoli  Utria Aa
1. Pireen / Pyrene 9.3 35.5 22.6 40.1 22.8 28.7
2. Kriseen / Crysene 21.3 26.1 56.5
3. Perilleen / Perylene 76.2
4. Bensole)pireen+Fluoranteen /

Benzole)pyrene+Fluoranthene 884 1144 74.0 74.1 98.0 62.3
5. Bensoa)pireen / Benzofa)pyrene * * 9.3 10.3 87.2 3.1
6. Dibens(ah)antratseen / Dibenz{ah)anthracene 13.3 12.2 8.9 19.2 136.2 122
7. Bens(ghi)periilleen / Benzo(ghilperylene 438 24.1 65.4 26.1 24.5
8. Dibens{ailpireen / Dibenzo(ailpyrene 3.1 2.3 5.8 4.6 2.2 32
9. Dibens|ah|pireen / Dibenzofah)pyrene 0.2
10. Koroneen / Coronene 10.1 19.2**
Kokku / Total: 158.0 164.6 1550 2350 4748 2097

* Alla meetodi tundlikkust 10° g /* Value below the sensitivity of the method used (10~ g/

** Antantreeni sisaldus / ** Concentration of anthantrene

1986-1989 aastal J. Frey ja teiste (Frey, 1991) poolt
teostatud sademete happesuse ja tihtsamate saasteani-
oonide (Cl,NO,", SO,) uurimine avatud loodusmaas-
tikus ja vordluseks kahes linnas (Voore, Tipu, Viidu-
mie, Tiitsi, Utu (Hiiumaa), Vilsandi, Jdrvselja, Virska,
Reola, Odivere, Lopa, Nigula, Haanja, Valga ja Tartu)
niitas véivlisaaste levikut kogu Eestis. (joon. 1.4 ja
1.5).

Koigis punktides (v.a. Viidumée) registreeriti sul-
faadi saaste, mis reeglina iiletas 5 mg/1 (iseloomustab
juba kdrgenenud sisaldust) kui sademete kogus oli alla
50 mm ja kus arvutatuna vdidvlikoormusena vordus
loodus-maastikul keskmiselt 17 kg/ha aastas, varieeru-
des eri aastatel vastavalt: 1986 — 18, 1987 — 19 ja 1989
— 14 kg/ha aastas (tabel 1.15). Uuritud sademed olid
enamasti neutraalse vOi ndrgalt aluselise reaktsiooniga
pH>5.6. Vihma- ja lumevesi oli happeline pikema
niiske ja vihmase perioodi jérel hilissiigisel 1987 ja
kolme viimase aasta (1988, 1989, 1990) talvekuudel,
mil valdavalt sula ilm ja niiske Ohk takistasid aluselise
iseloomuga tahke saasta levikut ja soojadele talvedele
iseloomulikud lddnekaartest 1ahtuvad dhumassid tdid
Eesti aladele Ladne- ja Kesk- Euroopast happelisi sade-
meid (tabel 1.16) (Frey, 1991). Vaata ka joonis 1.6, kus
on toodud Hiidrometereoloogia Valitsuse lumeproovi-
de analiiiisi tulemused talvel 1984/85.

In 1986-1989 J. Frey et al (Frey, 1991) analyzed the
acidity of precipitation and concentrations of the ions
of the main pollutants (Cl-, NO,", SO,*) in open spaces
in natural landscapes: Voore, Tipu, Viidumie, Tiitsi,
Utu(Hiiumaa), Vilsandi, Jarvselja, Virska, Reola, Odi-
vere, Lopa, Nigula, Haanja; and for comparison in two
towns: Valga and Tartu. The results illustrate the distri-
bution of sulphur in the whole Estonia (Figure 1.4, 1.5).

In all the sampling sites (excl. Viidumie) the con-
centration of sulphates was recorded (as a rule excee-
ding 5 mg/l which indicates relatively high concentra-
tions) in precipitation below 50 mm. The sulphur load
calculated on the basis on this value was 17 kg/ha per
year on the average, varying between 18 kg/ha (1986),
19kg/ha (1987) and 14 kg/ha (1989) in individual years
(Table 1.15). The sampled precipitation was mostly
neutral or slightly alkaline — pH>5.6. Rain and snow
water was acidic after the long humid and rainy period
in late autumn, 1987, and in the winter months of the
three last years (1988, 1989, 1990) when the prevailing
thaws and the humid air prevented the spreading of
alkaline solid particles and air masses moving to our
territory from the west (as usual in winters) brought
acid precipitation from Western and Central Europe
(Table 1.16) (Frey, 1991). See Figure 1.6, where is
shown the results of sulphur in snow samples from
Hydrometeorological Departement in 1984/85.
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Figure 1.4 Sulphur wet deposition in 1988 (Frey 1989).
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Tabel 1.15 Védvli margsadenemine 1986-1989 (Frey,

Table 1.15 Sulphur wet deposition in 1986-1989 (Frey,

1991). 1991).
Proovi punkt Kuu keskmine / Mean monthly Aasta keskmine / Mean annual
Sampling site (kg/ha) [kg/hal

1986 1987 1988 1989

Haanja 1.7 2.0 22
Hiiumaa 2.0 1.9 2.0 24
Jarvselja 1.6 07 14
Lopa 1.0 1.6 1.1 15
Nigula 1.6 19
Reola 1.5 1.3 1.0 1.5 13
Tartu 52 54 64
Tipu 0.9 1.5 0.9 1.0 13
Valga 1.8 1.4 1.3 18
Vigala 2.5 1.7 1.0 13
Viidumae 1.2 0.3 0.6 8
Vilsandi 1.9 23
Voore 1.5 1.5 1.3 1.7 18
Vérska 1.4 0.8 13
Kuu keskmised (ilma Tartuia)
Mean monthly {without Tartu) 1.5 1.6 1.2 1.2
Aasta keskmised (ilma Tartuta)
Mean annual (without Tarfu) 18 19 14 14 17

Tabel 1,16 1988-1990.qa. talvekuude (Jaan., Veebr.,
Mirts) sademete kuu keskmised pH-d (Frey, 1991).

Table 1.16 pH of the mean monthly precipitation of the
winter months of 19881990 (January, February, March)
(Frey, 1991).

Proovipunkt Aasta/kuu  Year/month
Sample site 1988 1989 1990

| I Il I fl 1l | I Il
Tipu 44 A48 49 44 46 43 4.6
Vigalo 62 50 43 4.8 4.8 4.8
Viidumée 44 52 52 4.6 43
Voore 71 41 47
Utri
[Hiiumaa) 49 40 39

Lddne-Eesti saarestiku vahetus ldheduses merel
tehtud mootmised viitavad kdrgendatud saasteainete
sisaldustele vihmaproovides (Roots, 1988). Kuna saar-
tel puuduvad arvestatavad védvlireostusallikad, vGib
korgendatud vddvli esinemist vihmas seletada saasteai-
nete kaugleviga. Kaheksakiimnendate aastate alguses
Vilsandi saarel tehtud 6hu védveldioksiidi ja sulfaatide
sisalduste modtmisndidud viljendusid suhetena 1:3:2.3
ja1:2:1.6, seda juhul, kui 6humassid parinesid Skandi-
naaviamaadest, endisest NSV Liidust ja Kesk-Euroo-
past (Brjuhanov, 1985). Peale eeltoodu oleneb Ghu-
massi paritolust ka sademete happesus pH (tabel 1.17).

Results of the analyses of samples taken at sea in the
vicinity of the West-Estonian archipelago indicate high
concentrations of pollutants in rain samples (Roots,
1988). As there are no major pollution sources of
sulphur compounds in the islands themselves, the me-
asured high values might be explained by transbounda-
ry pollution. Ratios between the concentrations of
sulphur dioxide and sulphur as measured in the island
of Vilsandi in the beginning of the 1980's were 1:3:2.3
and 1:2:1.6, the latter in case the air masses originated
from the Scandinavian countries, the former USSR and
Central Europe (Brjuhanov, 1985). Besides the mentio-
ned difference, the acidity of precipitation is also de-
pendent on the origin of air masses (Table 1.17).
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Tabel 1.17 Vilsandi saarel méédetud sademete pH
vadriused juunis 1985.a. [Roots, 1988)

Figure 1.6 Data from Hydrometeorological Department,
winter 1985,

Table 1.17 pH of precipitation measured in the Island of
Vilsandi in June, 1985 (Roots, 1988)

Kuupgev Kellaceg Tuule suund Sademete pH
Date Time Wind direction pH of precipitation
06.06 00.00-11.45 45-60 4.60
06.06 14.00-14.10 40-50 3.90
06.06 21.00-21.50 30 4.06
08.06 22.00-23.15 120 4.55
11.06 19.45-22.10 48-75 427
12.06 10.00-11.00 300 4.10
13.06 07.00-08.00 80-110 4.16
14.06 04.00-10.45 53-160 4.27
18.06 00.00-11.40 360 5.50

1.3 Saasteainete kauglevi

Tédiendavat informatsiooni annavad ka teiste riikide
Ohusaaste uurimisjaamade andmed (joonis 1.7), mille
kohalt 6humassid Ladne-Eesti saarte kohale v@ivad
litkuda. Kuna informatsioon on liinklik, siis on vdetud
uuritavaks 1986-1988 aastad ja vilja valitud jaamad,
kes koguvad sademe proove aasta ringi ja tootavad
EMEP programmi alusel.

Vidvlijaldmmastiku aastakoormused on véljaarvu-
tatud (Roots 1991) vastavate riikide perioodiliselt aval-

1.3 Long range transportation of
pollutants

Additional information is provided by data from the air
monitoring stations of the other countries (Figure 1.7)
located in areas from which air masses can move
towards the West-Estonian islands. Due to gaps in
available information we concentrated on the data
concerning 1986-1988. We studied the resuits of the
stations working according to the EMEP programme
and taking samples the year round.
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datud viljaannete pdhjal (joon. 1.8-1.11). Vottes Saa-
remaa pindalaks 2905.3 km” ja Hijumaa pindalaks
1018.9 km?, ndeme, et 1988. aastal sadas ainuiiksi
sulfaate Saare- ja Hiiumaale 6 507 tonni (ehk 2 169
tonni vaavlit) ja 2 282 tonni (760 tonni vidvlit) ehk
ligikaudu 8 % rohkem kui 1987. aastal.

1988. aastal tdheldati sulfaatide aastakoormuste
suurenemist eelmise aastaga vOrreldes ka teistel La4-
nemere saartel, kusjuures Utds — 32 % ja Hoburgis — 24
% (Roots, 1991).

The annual loads of sulphur and nitrogen have been
calculated on the basis of the periodically published
data of the respective states (Figures 1.8—1.11) (Roots
1991). According to calculations based on the surface
area of Saaremaa (Osel) — 2905.3 km? — and Hiiumaa
(Dagd) — 1018.9 km? — it can be seen that in 1988 the
amount of sulphur alone which precipitated in the
islands was 6507 tons in Saaremaa (making 2169 tons
of sulphur) and 2282 tons in Hiiumaa (760 tons of S),
these values exceeding the corresponding ones for
1987 by 8 %.

1. Ui
2. Ahfdri
3. Virolahti
4. Llesogorskii
5. lahemaa
6. Serve
7. Rutsava
8. Nida
9. Silute
10. Vysokoye
11. Svityas
12. Rava- Russkaya
13. Beregovo
14. leovo
15. Berezina Biosphere Reserve
16. Suwalki
17. Jarchev
18. Snezhka
19.  Arkona
20. Neuglobsow
21. Kosetice
22. K-Pusta
23. Vavihill
24. Hoburg
25. Rorvik
26. Velen
27. Bredkdalen

Joonis 1.7 Ohu vurimisiaamad Balti- ja lda-Euroopa  Figure 1.7 Precipitation collection stations in the Baltic and

maades.

East-European region.
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Jaam 1986.a. SO, koormus ménedes erinevates jaamades
s?a",,-of,’ SOy load in 1986 in some EMEP stations
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Joonis 1.8 1986.a. SO, koormus ménedes erinevates  Figure 1.8 SO, load in 1986 in some EMEP stations.
joamades.

1987.a. SO koormus mdnedes erinevates jaamades
daara SO, load in 1987 in some EMEP stations

Station
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L

Joonis 1.9 1987.a. SO, koormus ménedes erinevates Figure 1.9 SO, load in 1987 in some EMEP stations.
jaamades.
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leieiffis 1988.a. SO, koormus ménedes erinevates jaamades
Station SO, load in 1988 in some EMEP stations
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Joonis 1.10 1988.a. SO, koormus m3nedes erinevates  Figure 1,10 SO, load in 1988 in some EMEP stations.
jaamades.

1987.a. N koormus ménedes erinevates jaamades
OIS N load in 1987 in some EMEP stations

Station
Rava-Russkaya FE
Svityas [
Vysokoye
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Nida i

Rutsava

Sorve
lahemaa
Lesogorskii 565
Virolahti
Ahtari
Uts

—y i
0 200 400 600 800 1000 1200 1400 1600 1800
ma/m?

Joonis 1,11 1987.a. N koormus ménedes erinevates  Figure 1.11 N load in 1987 in some EMEP stations.
jaamades.

Lammastikku sadenes Saare- ja Hiiumaale 1987. In 1988 higher sulphate loads were also recorded in
aastal vastavalt 1743 tonni ja 611 tonni ning 1988.  the otherislands of the Baltic Sea, the difference being
aastal 2673 tonni ja 937 tonni ehk teiste sonadega35 % 32 % in Uto and 24 % in Hoburg (Roots, 1991).
rohkem (Roots, 1991). 23
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Esimeste siistemaatiliste (igapdevaste) mddtmiste
alusel, mida alustati 1981.a. sai vilja arvutada vadvli-
ja limmastiku saastekoormused Saaremaale (aluseks
on voetud Sorve EMEP jaama (Information...1985)
andmed). 1981 a. sadas kuue kuuga (juuli—detsember)
Sorves 1604 mg SO, m* kohta ehk Saaremaale 6 kuuga
4660 tonni sulfaate (1553 t. vdavlit), 1982. aastal 12
kuuga 1461 mg SO, m* kohta ehk Saaremaale 4244 t.
sulfaate (1414 t. S) ning 1983 aastal 11 kuuga (detsem-
bri andmed puuduvad) 1604 mg SO, m? kohta ehk
Saaremaale 4660 tonni sulfaate (1553 t. S). IImselt
oleneb saartele sadenevate sulfaatide koormus ennekdi-
ke dhumasside péritolust ja meteoroloogilistest tingi-
mustest. Eeltoodud védvlikoormuseid saab vorrelda
ajavahemikul 1981-1985 a. ldbiviidud sademete mdot-
misega (tabel 1.18).

Tabel 1.18 Vdlja arvutatud andmetel (Jezhemesjatshnsje
1989).

The deposition of sulphur in Saaremaa and Hilumaa
was 1743 and 611 tons in 1987; 2673 and 937 tons in
1988, respectively; the difference being 35 % (Roots,
1991).

Departing from the first systematic (daily) sampling
which was begun in 1981, it was possible to calculate
sulphur and nitrogen loads in Saaremaa (based on the
data of the EMEP station in S&rve (Information...1985)).
In 1981 the deposition of SO, was 1604 mg/m? in six
months (from July to December) making 4660 tons of
sulphates (1553 tof S) for the whole Saaremaa. In 1982
the corresponding numbers for SO, in 12 months were
1461 mg/m? making 4244 tons of sulphates (1414 t of
S) deposited in Saaremaa; in 1983 in 11 months (excl.
December) 1604 mg/m? making 4660 tons of sulphates
(1553 t of S) for Saaremaa. Probably the sulphate load
precipitated in the islands is mainly dependent on the
originof air masses and meteorological conditions. The
values given above can be compared with the results of
the sampling of precipitation in 1981-1985 (Table
1.18).

Table 1.18 Pollution loads according to calculations
(Jezhemesjatshndje 1989).

Aasta  Kuude arv Kuud, milliste kohta andmed puudusid mg/m? aastas
Year No of months ~ Months, concerning which data was lacking mg/m? per year
SO,S {NO,+NH N

1 1981 11 august / August 1284 589
1 1982 17 veebruar / February 675 253
1 1983 11 august / August 989 481
1 1984 11 mai / May 902 558
1 1985 9 jaanuar, veebruar, mérts / January, February, March 649 505

Sorve EMEP jaama (Information...1985) ammoo-
niumist (NH,) pédrinevat ldmmastikusisaldust kohta
sademetes on esimesed andmed pirit 1982 aastast.
Nimelt sadas sellel aastal 10 kuuga (puudusid andmed
jaanuari ja detsembri kohta) 242 NH,-N mg/m? kohta ja
1983 aastal 126 mg NH,-N m* kohta (7 kuuga maist
novembrini). 1984 aasta kohta on vordlusena vilja
toodud aasta keskmised summaarse lammastiku (NO,-
NH,) sisaldused sademetes reas Lddnemereddrsetes
EMEP jaamades (joon. 1.12) (Report...1986, Deposi-
tion..., 1989).

Sorve on kédesoleval ajal Eestis ainuke koht, kus
saab omavahel vorrelda kahel erineval viisil analiiii-

The first data available concerning content of am-
monia-nitrogen (NH,-N) in precipitation measured at
the EMEP station in S6rve (Information...1985) dates
from 1982. In this year the deposition of NH,-N in 10
months (excl. January and December) was 242 mg/m?
in 1983 126 mg/m? (in 7 months from May to Novem-
ber). For comparison, data concerning 1984 include the
mean annual concentrations of total nitrogen in preci-
pitation in a number of EMEP stations along the coasts
of the Baltic Sea (Figure 1.12) (Report...1986, Deposi-
tion..., 1989).

At present SOrve is the only place in Estonia where
it is possible to compare the sulphur and nitrogen
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situd sademete vadvli- ja ldmmastikusisaldusi ning
nende pdhjal vilja arvutada eeltoodud lihendite saaste-
koormused pinnaiihikule. Siin médratakse Eesti Hiid-
rometeoroloogia Valitsuse laboratooriumis igakuistest
sademeproovidest.

Teiselt pooltasub Sorves nn. rahvusvaheline EMEP’i
jaam, millest vdetud proovide analiiiisid teostati Vents-
pilsis ja Moskvas. Peale Sorve on Eestis veel kaks
EMEP’i jaama — Lahemaal ja Vilsandil.

Programm EMEP sai alguse 1979 aastal, kui algas
Euroopa riikide koost06 saasteainete kauglevi kiisi-
mustes. Programmi EMEP eesmirk on hoida Euroopa
riikide valitsusi kursis saasteainete kauglevi ning hap-
pevihmadest tulenevate probleemidega.

1988. aasta oli iiks véhestest aastatest, mille kohta
sai tervikuna vélja arvutada vidvli- jaldmmastikukoor-
mused nii EMEP’i kui meie Hiidrometeoroloogia Va-
litsuse andmetest 14htudes (tabel 1.19).

concentrations in precipitation measured in two diffe-
rent ways. Based on those pollution loads per surface
unit have been calculated in the laboratory of the
Estonian Hydrometeorological Department.

On the other hand, there is the EMEP station in
Sorve, samples taken in which were analyzed in Vent-
spils and Moscow. Besides Sorve there are two more
EMEDP stations in Estonia — those in Lahemaa and the
island of Vilsandil.

The EMEP programme was started in 1979 when
the European countries began to cooperate in the field
of transboundary air pollution. The aim of the program-
me is to keep the governments of the European states
informed about problems caused by transboundary
pollution and acidic precipitation.

1988 was one of the few years concerning which it
was possible to calculate both the sulphur and nitrogen
loads based on the data of both the EMEP station and
the Estonian Hydrometeorological Department (Table
1.19).

Joonis 1,12 Keskmised summaarsed
Lammastiku (NO,+NH,) sisaldused sa-
demetes 1984.q.

Figure 1.12 Mean concentrations of
Nitrogen (NO,+NH ) in precipitation in
1984.
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Tabel 1,19 Sulfaatide saastekoormus kuude I5ikes Sérves
1988 aastal (vélja arvutatud hidrometeoroloogia teenistu-
se jo EMEP'i andmetel).

Table 1.19 Monthly wet deposition of sulphate according
to months in Sérve in 1988 [calculations based on data from
the Hydrometeorological Service and EMEP).

Hudromet. / Hydromet.

EMEP

Kuu SO, mg/m? kuus Sademed mm SO, mg/m? kuus Sademed mm
Month SO, mg/m? per month  Precipitation mm SO, mg/m? per month Precipitation mm
Jaanuar / January 67.5 30.0 57.6 277
Veebruar / February 206.6 16.2 139.2 13.9
Marts / March 510.9 26.2 156.3 21.1

Aprill / April 99.0 264 143.7 19.8

Mai / May 191.5 13.1 111.0 13.6

Juuni / June 164.8 14.9 1704 16.1

Juuli / July 1216.8 202.8 829.5 358.7
August / August 321.3 47.6 189.3 86.6
September / September 1914 63.8 82.8 63.6
Oktoober / October 164.7 52.3 152.1 48.4
November / November 150.7 44.6 90.6 31.6
Detsember / December 1986.5 77.9 114.6 70.6
Kokku / Tofal: 52717 615.8 2237.1 777

Erinevused kahe asutuse tulemustes on suured.
Viaidvli osas 1988 aastal 2.4 ja 1987 aastal isegi 2.8
korda. Sama nihtus esineb viivli osas ka Leedus, kus
korvuti asuvad EMEP’i jaam Nidas ja Leedu Fiitisika
Instituudi jaam Preilas (jaamad asuvad Kura sdirel
peaaegu korvuti). Tulemused erinevad aga vidvli osas
1988 aastal 3.3 korda ja 1987 aastal 3.2 korda, mida ei
saapidada normaalseks. Kuna EMEP’i tulemused esin-
davad Eestit rahvusvahelises ulatuses, siis paistavad
meie reostusprobleemid ka tegelikest monevorra viik-
semad, juhul kui reaalsed tulemused asuvad EMEP’i ja
Hidrometeoroloogia Valitsuse poolt saadud tulemuste
vahepeal (Roots, 1991a,b).

Sellega olemasolev materjal piirdubki. Algandmete
pank onsissejuhatavas 0sas nimetatud asutustes pdhja-
likum, kuid me ei pidanud vajalikuks kdesoleva t66
mahus koike seda esitada, kuna see .poleks oluliselt
kdesoleva t00 sisu muutnud. Esitatud materjal peaks
aga olema kiillaldane jdrelduste tegemiseks mdotmis-
vOrgu, modtesageduse, mootmismeetodite ja nditajate
vastavuse iile kaasaegsetele nduetele ning véimaldama
paremini piistitada iilesandeid, millele me vastust taha-
me saada.

Differences in the data of the two organizations are
too big. In 1988 and 1987, for example, numbers
concerning sulphur differ by 2.4 and even 2.8 times,
accordingly. The same can be noticed in Lithuania
where the monitoring station of EMEP in Nida and that
of the Lithuanian Institute of Physics in Preila lie
practically side by side but measured results concer-
ning sulphur differ by 3.3 times in 1988 and 3.2 times
in 1987. As the EMEP results represent Estonia on the
international arena, our pollution problems tend to
seem less than in reality, in case the actual characteris-
tics fall between the two (Hydrometeorology Depart-
ment and EMEP) sets of data (Roots, 1991a,b).

The presented data was all we could find. More
extensive data banks exist in the institutions mentioned
in the beginning but we did not consider it necessary to
reprint everything in the present paper. The given
material should be sufficient for drawing conclusions
concerning the monitoring network, methods and den-
sity of sampling and analyzing, as well as the choice of
determined characteristics according to modern requi-
rements, and to formulate questions to be answered in
the future.
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Il PEATUKK

2 Ohu saastatuse taseme
kompleksne hindamine P5h-
ja-Eesti suuremates linnades

2.1 Sissejuhatus

Peatiikk on plihendatud dhu saastetaseme kompleksse-
le hindamisele mitmesuguste keemiliste ainete ja {ihen-
ditega Pohja-Eesti kolmes suuremas linnas; Tallinnas,
Kohtla-Jarvel ja Narvas. Need kolm linna on Eesti
peamised todstuskeskused, kus seetdttu on Ohu saasta-
tus meie lilejadnud linnadega vorreldes suhteliselt kor-
gem.

Lihteandmetena on kasutatud Eesti Vabariikliku
Hiidrometeoroloogia Valitsuse poolt regulaarse seire
tulemusena koostatud andmebaasi, millest kdesoleva
analiilisi tarbeks on kasutatud kiimmekonna olulisema
Ohu saasteaine immissioonimddtmiste tulemusi aasta-
tel 1970-1990. Kolmes suuremas linnas iilesseatud
seirejaamaades fikseeritud Ghu saasteainete keskmiste
immissioonide alusel on arvutatud kuukeskmised ja
aastakeskmised komplekshinnangud, 6hu saastatuse
indeksid. Lahemalt vaadeldakse 5 aastast perioodi,
1986-1990.a. iiksikute seirejaamade kaupa. Sealt sel-
guvad kaigalinna puhul kGige enam saastatud piirkon-
nad nendest valitud paikadest, kuhu on paigutatud
seirejaamad.

Ohu saastatuse taseme kompleksseks hindamiseks
on kasutatud Ohu seire detailseid tulemusi tildistavat
meetodit, mida on l1dhemalt tutvustatud varasematel
aastatel (Kallaste, 1989a, 1989b, 1991). Nimelt, ka-
sutades ruutkeskmist meetodit, iihendatakse paljude
saasteainete immissiooniniitajad iiheks kompleksnii-
tajaks — Ohu saastatuse indeksiks, arvestades seejuures
vastavate koefitsientide abil saasteainete samaviirse
normiiiletamise puhul nende erinevat ohtlikkust inim-
organismile. Ohu saastatuse indeks annab mistahes
linna v@i linnaosa seirejaamade Ghu saastetaseme regu-
laarsete moGtmistulemuste alusel tildistava hinnangu
kas péeva, dekaadi, kuu v0i aasta kohta. Indeksi iihest
suurem vadrtus nditab, et normatiive (vastavaid 66pde-
vakeskmisi LPK-sid) on iiletatud ja et 6hk on iilem#i-
raselt saastunud vahemalt nende saasteainetega, mille
immissioone fikseeritakse. Uhest madalam viirtus kir-
jeldab olukorda, kus Shus sisaldub kiill saasteaineid,
kuid vastavate LPK-dega ettenidhtust vihemal mééral.
Tulemused on esitatud graafiliselt tulpdiagrammide
kujul.

CHAPTER I

2 Comprehensive assessment
of air pollution levels in major
North-Estonian towns

2.1 Introduction

The chapter deals with comprehensive assessment of
air pollution with various chemical substances and
compounds in three North-Estonian towns; Tallinn,
Kohtla-Jdarve and Narva. These towns are the major
industrial centres of Estonia, levels of air pollution
there being relatively higher than in other towns.

Data used for calculations were obtained from the
data base of regular air monitoring carried out by the
Estonian State Hydrometeorological Department. Im-
mission measurement results of ten relatively more
important pollutants concerning the years 1970 to 1990
were used for the present analysis. The mean monthly
and annual comprehensive assessments as well as air
pollution indices were calculated based on average
immissions of air pollutants as measured in monitoring
stations in the three towns. The 5-year-period, 1986 to
1990, is dealt with more specifically, on a station-to-
station basis. According to these data the most polluted
areas around the monitoring stations have been deter-
mined.

The method based on the generalization of detailed
datawhich hasbeen described inrecent years (Kallaste,
1989a, 1989b, 1991) was used for comprehensive as-
sessment of air pollution level. The essence of this is
that the root-mean-square method is used for the com-
pilation of immission data concerning individual pollu-
tants into one comprehensive characteristic — air pollu-
tion index, taking into consideration (using respective
coefficients) the different hazardousness of pollutants
to the human organism in case of equal violations of
standards. Air pollution indices can be used for giving
comprehensive assessment of pollution level throug-
hout a day, decade, month or year, based on regular
measurement data from the monitoring stations in any
town or town district. Index value higher than one
indicates the exceeding of permissible pollution levels
fixed by respective mean daily MPCs and implies that
concentrations of the measured pollutants are too high.
Index value lower than one refers to asituationin which
air contains pollutants in concentrations lower than the
MPC. The results are presented graphically.
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2.2 Tallinna 6hu saastatuse taseme
hindamine

Tallinnas alustati Shu saasteainete immissioonimdot-
mistega linna Sanitaar-Epidemioloogia Jaama poolt
juba 1960-ndatel aastatel. 1970.a. jdtkas seda t60d
Hiidrometeoroloogia Valitsus (HMV) iileliiduliselt
kooskglastatud mdGtmismetoodikate ja — aparatuuri
alusel. Neljas seirejaamas, mis paiknesid linna eri piir-
kondades m&ddeti 3 korda pdevas kuue saasteaine —
tolmu, tahma, vddveldioksiidi (SO,), vingugaasi (CO),
limmastikoksiidide (NO ) jafenooli (C;H,OH) sisaldusi
(vt. ldhemalt (Kallaste, 1984)). Kdesolevaks ajaks on
suurenenud seirejaamade arv kaheksani ja méddetava-
te saasteainete arv kaheteistkiimneni, lisaks veel kiim-
mekonna raskmetalli sisalduse madramised.

Tabelis 2.1 on esitatud peamiste Ghu saasteainete
LPKd ja nende ohtlikkuse klassid.

Tabel 2.1 Peamiste saasteainete kohta kéiv informatsi-
oon, mis on vajalik 3hu saastatuse taseme hindamisel.

2.2 Assessment of the air pollution
level in Tallinn

Measurements of immission of air pollutants in Tallinn
was started by the Station of Sanitary Epidemiology
already in the 1960s. Since 1970 this has been conti-
nued by the Hydrometeorological Department (HMD)
using the USSR measuring equipment and methods. In
four stations located in three different parts of the town
the concentrations of six pollutants — dust, soot, SO,,
CO, NO,, and phenols (C;H,OH) — were recorded three
times a day (See also Kallaste, 1984). Currently there
are eight monitoring stations and the number of pollu-
tants measured has increased to twelve, plus occasional
recording of concentrations of ten heavy metals.

In the Table 2.1 the MPCs and classes of hazardous-
ness of major air pollutants are presented.

Table 2.1 Basic information on the mostrelevant pollutants
needed for the assessment of the level of air pollution.

LPK (mg/m?) Ohtlikkuse klass
MPC [mg/m’) Class of hazardousness

Saasteaine 20-min 24-tunni Todtsooni

Pollutant 20-min 24-hrs Work-area

Vaaveldioksiid / Sulphur dioxide (SO,) 0,5 0,05 10,0 3
Vaavelhape / Sulphuric acid (H,SO) 0,3 0,1 1,0 2
Vaavelvesinik / Hydrogen sulphide (H,S) 0,008 0,008 10,0 2
Lammastikdioksiid / Nitrogen dioxide [NO,) 0,085 0,04 2,0 2
Lammastikoksiid / Nitrogen oxide (NO) 0,6 0,06 5,0 3
Ammoniaak / Ammonia (NH,) 0,2 0,04 20,0 4
Vesinikfluoriid / Hydrogen fluoride [HF) 0,02 0,005 0,05 2
Formaldehiid / Formaldehyde (HCHO) 0,035 0,003 0.5 2
Palevkivi fenool / Qil-shale Phenol 0,07 0,0007 0,5 3
Tahm / Soot {C) 0,15 0,05 4,0 3
Tsemenditolm / Cement dust 0,3 0,1 6,0 4
Tahked osakesed / Parficulates 0,5 0,15 6,0 3
Pslevkivi lendtuhk / Oilshale fly ash 0,3 0,1 4,0 3
Bensiin / Pefrol 5,0 1,5 100,0 4
Susinikoksiid / Carbon monoxide [(CO) 5,0 3,0 20,0 4
Fenool / Phenol (C,H,OH) 0,01 0,003 0,3 2
Plii / Lead (Pb) : 0,0003 0,01 1
Bensola)pireen / Benzo[alpyrene 0,000001 0,00015 1

HMV poolt aastatel 1970-1990 (Jezhegodnik...,
1971-1991), tehtud mddtmistulemuste alusel on Shu
saastatuse indeksi arvutamiseks voetud arvesse eel-
mainitud 5 saasteaine immissioonid. Tulemused on
esitatud tulpdiagrammide kujul (vt. joonis 2.1).

70-ndatel aastatel oli Tallinna saastatus suhteliselt
viga korge. Nelja kuni kuue seirejaama keskmisena

According to data of the HMD for 1970-1990
(Jezhegodnik..., 1971-1991), air pollutionindices have
been calculated based on the immissions of the mentio-
ned five pollutants. The results are presented in the
form of bar graphs (Figure 2.1).

In the late 1970s the air pollution level in Tallinn
wasrelatively high. The mean values of indices concer-
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Joonis 2.1 Tallinna 6hu saastatuse indeksi muutumine.
Indeks on arvutatud 5 saasteaine aastakeskmiste immissi-
oonide alusel. Pidev joon tahistab siin ja ka teistel joonistel
LPK-dega médratud 6hu saastatuse faset.

olid Ghu saastatuse indeksi vdartused veidi alla 3.0, mis
sisuliselt tdhendab kolmekordset normatiividega veel
lubatud saastetaseme tiletamist. Peamiselt oli tegemist
vidveldioksiidi aastakeskmiste immissioonidega, mis
3-4 korda iiletasid LPK. Ka tolmu, vingugaasi, fenooli
jaldmmastikoksiidide sisaldusi registreeriti 2-4 korda
vastavatest LPK-dest kérgematena. KOorgeima saaste-
tasemega oli tegemist 1979 ja 1980.a., mil Ghu saasta-
tuse indeksi vidirtus ulatus vastavalt 3.9 ja 5.1 ni.
Peamist rolli méngisid siin SO,, CO ja fenooli kdrged
immissioonid, mis Uletasid 3—4 korda vastavaid LPK-
sid.

Ohu saastatuse tase suhteliselt viikese arvu saaste-
ainete alusel arvutatud komplekshinnangu jérgi on vaa-
deldava perioodi 16puks joudnud peaaegu normatiivi-
dega lubatud piiridesse, indeksi vairtus 1.0 (vt. joonis
2.1). Pealiskaudsel hindamisel vOiks lugeda 6hu saas-
tetaset normatiividele vastavaks. Tegelikkuses on aga
Ohk palju enam saastatud, kui sellelt jooniselt vilja
loeb, ja just mitmesuguste spetsiifiliste toksiliste saas-
teainetega, mida 70-ndatel] aastatel Tallinna Shus veel
lildse ei analiiiisitud.

Kaheksakiimnendatel aastatel suurendati Tallinnas
regulaarselt moddetavate saasteainete arvu summaar-

Figure 2.1 Time series of the air pollution index in Tallinn.
5 pollutants” average yearly immissions are included.
Continuous line marks here and also on the other figures the
level of air pollution allowed with MPCs.

ning 4 to 6 stations were slightly below 3.0 whichin fact
means threefold exceeding the pollution level fixed by
standards. The main problems were caused by immis-
sions of SO, which exceeded the MPC by 3—4 times.
Recorded immissions of dust, CO, phenols and NO_
also exceeded the respective MPCs by 24 times. The
highest pollution level was recorded in 1979 and 1980
when the air pollution index value reached 3.9 and 5.1,
respectively. The main reasons were high immissions
of SO, CO and phenols, which exceeded the respective
MPCs by 3-4 times.

According to the comprehensive assessment based
on arelatively small number of pollutants, air pollution
has nearly decreased to the permissible level by the end
of the observed period, equalling 1.0 (Figure 2.1). In
general this might refer to an acceptable air pollution
level. In reality air is much more polluted than can be
expected according to the figure; this especially con-
cerns various specific toxic pollutants which were not
analyzed in the air of Tallinn in the 1970s.

In the 1980s the number of regularly measured air
pollutants reached 12, including sulphate-ion and
benzo(a)pyrene. Inone of the eight stations (No.4,at24
St.Petersburg Road) the number of measured pollu-
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selt juba 12-ni, s.h. sulfaatioon ja benso(a)piireen. iihes
kaheksast seirejaamast (Nr. 4), St. Peterburgi mnt. 24,
“Majaka” klubi ldhedal) suurendati moodetavate saas-
teainete arvu juba kaheksani. Kolmes seirgjaamas
moddetakse kdesoleval ajal 6 aine, kahes — 5 aine ja
lilejadnud kahes — vaid 4 aine sisaldusi. Suurema arvu
saasteainete alusel arvutatud indeks annab kahtlemata
taiuslikuma ettekujutuse dhu saastatusest. Mida enam
saasteaineid 8hu saastetaseme hindamisel indeksi koos-
seisu on liilitatud, seda enam on v@imalik ndha n.0.
“jadmae veealust 0sa”.

Joonisel 2.2 on Ohu saastatuse keskmise indeksi
arvutustes alates 1986.a. tdiendavalt juurde voetud veel
sellised spetsiifilised keemilised ihendid nagu ammo-
niaak (NH,), védvelvesinik (H,S), vesinikfluoriid (HF),
formaldehiiid (HCHO) ja lammastikoksiid (NO). See-
juures tuleb markida, et H,S, HF ja HCHO kuuluvad
keemiliste ainete ohtlikkuse klassifikatsiooni jdrgi viga
ohtlike ainete 2. ohtlikkuse klassi. Tallinna 8hu saasta-
tuse indeksi védrtus kasvas suurema arvu saasteainete
arvestamisel lisna mérgatavalt.

Indeksi arvuliste véddrtuste graafilisest esitusest, joo-
niselt 2.2 selgub, et Tallinnas oli aastatel 1986-1990
tegemist siiski kiillalt médrkimisvédirse saastumisega,
ulatudes 1988.a. LPK-dega méiratletud saastetaseme
1.7-kordse Uletamiseni. Suurimat osakaalu indeksis
omas vidveldioksiid ja formaldehiiiid, mille aastakesk-
mised immissioonid iiletasid Tallinna keskmisena vas-
tavalt 2- ja 3-korda LPK vidrtusi.

Viiveldioksiidi aastakeskmised immissioonid olid
70-ndatel aastatel Tallinna 6hus korged, keskmiselt 3
ja enamkordsed LPK iiletamised, absoluutviirtused

tants was increased to 8. In three stations the levels of
6 pollutants, in two — of 5, and in the rest two — of only
4 pollutants have been recorded. Of course, the index
based on a higher number of pollutants would better
characterize the level of air pollution, it would be
possible to see more of the “lower part of the iceberg”.

While calculating air pollution indices presented in
Figure 2.2 the following additional specific chemical
compounds have been taken into consideration since
1986: ammonia (NH,), hydrogen sulphide (H,S), hyd-
rogen fluoride (HF), formaldehyde (HCHO) and nitro-
gen oxide (NO). It should also be mentioned that H,S,
HF and HCHO belong to the very hazardous group
(class IT) of chemicals according to the classification of
chemical substances used in hygiene. The air pollution
index of Tallinn as calculated based on abigger number
of pollutants was considerably higher.

From the graphic representation of index values
(Figure 2.2) it can be seen that the pollution level in
Tallinn in 1986-1990 was quite high, exceeding the
MPC by 1.7 times in 1988. The biggest share was
contributed by sulphur dioxide and formaldehyde, the
mean annual immissions of which exceeded the MPCs
by 2 and 3 times, respectively.

The mean yearly immissions of SO, in Tallinn in the
1970s were high (on the average 3 times more than the
MPC), the absolute values varying between 0.12 and
0.35 mg/m? (Figure 2.3). Since 1991 the Hydrometeo-
rological Department has been carrying out SO, me-
asurements according to a new method which, accor-
ding to the HMD, is much more selective than the
formerly used one. Due to the application of the new
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Joonis 2.2 Tallinna 6hu saastatuse indeksi
muulumine aastail 1986—~1990. Indeks on arvu-
tatud 10 saasteaine aastakeskmiste immissi-
oonide alusel.

Figure 2.2 Time series of the air pollution index
in Tallinn. 10 pollufants’ yearly average immis-
sions are included.
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Joonis 2.3 Tallinna dhu SO, immissiooni
ajaline muutumine.

Figure 2.3 Time series of SO, immission in
Tallinn.

Aastakeskmine immissioon mg/m3

/LPK
SWPC

Joonis 2.4 Tdllinna 8hu NO, immissiooni
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ajaline muutumine.

Figure 2.4 Time series of NO, immission in
Tallinn.

olid vahemikus 0.12-0.35 mg/m? (vt. joonis 2.3). Ala-
tes 1991.a. tehti HMV poolt SO, modtmiseid uue me-
toodika jdrgi, mis HMV andmetel olevat SO, osas
selektiivselt mérksa tundlikum kui eelmine. Uue me-
toodikarakendamise tulemuseks oli aasta jooksul moG-
detud SO, immissioonide vihenemine rohkem kui iihe
suurusjirgu vorra, ca’ 10-20 korda! (vt. joonisel 2.3
1991.a. keskmist mdotmistulemust).

Selline HMV poolt registreeritud suur SO, immissi-
oonide langus kajastus kohe ka Ghu saastatuse indeksi
vadrtuses, mis Tallinna 8 seirejaama keskmisena ka-
handas indeksi arvulist vdartust 1991.aastal 1-ni (vt.
joonis 2.2). See iseloomustab suhteliselt vihe saastu-
nud, tinglikult puhast, s.t. LPK-dega veel lubatud saas-

method the measured immissions of SO, decreased by
more than one order of magnitude! (by 10 to 20 times)
within one year (See the mean measured immission for
1991 in Figure 2.3).

Suchconsiderable decrease inthe SO, immissionas
recorded by the HMD was of course reflected in the
value of the air pollution index, which decreased to 1in
1991 (as an average for 8 stations) (Figure 2.2). This
indicates that on the average the air in Tallinn is
relatively unpolluted, i.e. the immissions of pollutants
are generally below the respective MPCs levels.

The yearly average immission of NO, remained
high until the beginning of 1980s, still having a decrea-
sing tendency. Since 1986 the immission of NO, has
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tetasemega Ohku kogu Tallinna linna keskmisena.

NO, aastakeskmine immissioon pisis kuni 1980-
ndate aastate alguseni kdrgena, kuid omas siiski kogu
vaadeldava perioodi jooksul vihenevat tendentsi. Ala-
tes 1986.a. oli NO, immissioon alla LPK (joonis 2.4).

Néhtavasti tuleks komplekshinnangute arvutamisel
eristada teatud kindlad ajavahemikud, vihemalt kahe
kriteeriumi alusel:

1) tihetaolise modtmismetoodika kasutamine, et
tulemused oleksid vaadeldava perioodi jooksul
omavahel objektiivselt vorreldavad. See kehtib
nditeks tolmu, CO ja SO, ning mone teisegi
saasteaine kohta,

2) indeksi koosseisu liilitatavate saasteainete kogu-
mi representatiivsuse ja vorreldavuse nue.

Nende tingimuste tditmisel saaksime erinevatel aja-
vahemikel m06detud immissioonide alusel arvutada
omavahel objektiivselt vOrreldavaid saastetaseme
komplekshinnanguid.

2.3 Tallinna enamsaastunud
piirkonnad 1990.a.

Ohu saastatuse indeksi abil voib saasteolukorda kirjel-
dada ka linna iiksikutes piirkondades mérksa lilhema
ajavahemiku, niiteks, iihe aasta jooksul. Selleks on
Tallinna 8 seirejaama 10 saasteaine sisalduse kohta
fikseeritud tuhandete analiiiisitulemuste iildistamise
alusel valitud neli enamsaastunud seirejaama. 1990.a.
immissiooniandmete pShjal olid need jirgmised: seire-
jaam Nr. 4, asukohaga St. Peterburgi mnt. 24, “Maja-
ka” klubi juures, Nr. 6 — Viru véljakul, Nr. 10 -
Kallaveres, keemiakombinaadi “Eesti Fosforiit” 1ihe-
dal ja Nr. 12 — Akadeemia tee 122, TTU iihiselamute
lihedal. Seejuures mdddeti neis 1990.a. jirgmiseid
saasteaineid:

4, seirejaamas: tolm, SO,, CO, NO,, NH,, HCHO
ja HF, lisaks veel (SO,)*" ja rask-
metalle;

6. seirejaamas: tolm, SO,, CO, NO,, NH, ja H,S%,
lisaks veel benso(a)ptireent,

10. seirejaamas: tolm, SO,, NO, ja HF;

12. seirejaamas: tolm, SO,, CO, NO,, NH, ja
HCHO, ja raskmetalle.

Joonisel 2.5 on esitatud Tallinna eeltoodud nelja

enamsaastunud piirkonna Ohu saastatuse indeksite

been less than MPC (Figure 2.4).

It would be reasonable to differentiate certain time
intervals at the calculation of comprehensive assess-
ments, based on two criteria at least;

1) use of the same methods of measurement inorder
to obtain results which would be comparable
throughout the period under observation; this
concerns dust, CO, SO, and some other pollu-
tants, for example;

2) requirement of representativeness and compara-
bility of data used for the calculation of pollution
indices.

In case these requirements are met, it would be
possible to calculate comprehensive assessments of
pollution based on measurement results for different
time intervals, while still acquiring reliable results to be
compared.

2.3 The more polluted areas in Tallinn
in 1990

Based on the air pollution index, it is possible to
describe the state of air pollution in individual areas of
the town based on a relatively shorter period, e.g. a
year. For this four relatively most polluted monitoring
stations were selected from the 8 stations located in
Tallinn, based on the recorded levels of 10 pollutants
according to thousands of results. According to immis-
sion measurement results in 1990 these were the follo-
wing: monitoring stations No. 4 (at 24 St. Petersburg
Road), No. 6 (at Viru square), No. 10 (in Kallavere, in
the vicinity of the chemical production plant “Estonian
Phosphorite™) and No. 12 (at 122 Akadeemia Road). In
1990 the following pollutants were measured in these
stations:

in station No.4:  dust, SO,, CO, NO,, NH,,
HCHO and HF, plus (SO,)* and
heavy metals;
dust, SO,, CO, NO,, NH, and
H,S*, plus benzo(a)pyrene;
dust, SO,, NO, and HF;
dust, SO,, CO, NO,, NH, and
HCHO, plus heavy metals.

Changes in the air pollution indices of the mentio-
ned 4 most polluted areas of Tallinn in 1986-1990 are

in station No. 6;

in station No. 10:
in station No. 12:

* — H,S sisalduse mootmisi alustati Viru véljakul alles
1990.a.

* - recording of H,S immission in station No. 6 was started
only in 1990.
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muutumine aastatel 1986-1990. Normatiividega veel
lubatud saastetaseme (letamine on suhteliselt suur,
1,5-2 korda. Saastatuse vihenemise tendentsi vOib
fikseerida alles 1990.a. Sellise korvutamise juures tu-
leb kahtlemata arvesse votta seda, et erineva arvu
saasteainete pdhjal arvutatud indeksi vaidrtuste vordle-
mine eri seirejaamades toob sisse teatava viikese ting-
likkuse.

Saastatuse olukorraga ldhemaks tutvumiseks on tilal-
toodud Tallinna nelja piirkonna ohu saastatuse indek-
site arvuliste vairtuste ajaline muutumine arvutatud
1990.a. detailsete kuukeskmiste immissioonide alusel
(HMV Fond, 1991) (vt. joonised 2.6, 2.7, 2.8 ja 2.9).

Tulpade visuaalsel hindamisel selgub, et kGige enam
on saastunud Ohk St. Peterburgi mnt.-1 4. seirejaama
piirkonnas (vt. joonis 2.6). Aasta keskmiselt on tege-
mist ca’ 2-kordse (I=1.9) normatiividega veel lubatud
saastetaseme iiletamisega (vt. ldhemalt tabel 2.2). Ap-
rillikuus kiilindis saastatuse komplekshinnang 7 saas-
teaine aluselisegi 3-kordseks vOrreldes normatiividega
lubatud tasemega. Suurim osakaal oli aprillis formal-
dehiitidil, mille immissioonid kuukeskmisena iiletasid
4.3 korda LPK (vt. joonis 2.10 ja tabel 2.2).

presented in Figure 2.5. The permissible pollution
levels have been exceeded by 1.5 to 2 times. The
tendency towards a decrease of pollution load could
first be noticed in 1990. It should undoubtedly be
considered that the comparison of indices based on a
different number of pollutants in different stations
creates small discrepancies.

For a better illustration of pollution level changes in
the values of indices concerning the four areas of
Tallinn in 1990 (based on detailed calculation of mean
monthly immission values) are presented in Figures
2.6, 2.7, 2.8 and 2.9 (Source: HMD Fund, 1991).

While comparing the columns of numbers, it can be
seen that the area around the monitoring station No. 4
(at St. Petersburg Road) is the most polluted of the four
(Figure 2.6). The mean yearly index value is 1.9,
indicating the average exceeding of the level of pollu-
tion allowed by respective MPCs by approximately 2
times (Table 2.2). In April the comprehensive assess-
ment based on 7 pollutants even reached the value of 3.
The highest contribution for this was given by formal-
dehyde, the immissions of which exceeded the MPC by
4.3 times on the average (Figure 2.10 and Table 2.2).

Bl 4 seirejaam: St. Peterburgi mnt.

4 station: St. Pefersburg Road

12 seirejaam: Mustamée,
Akadeemia tee

12 station: Mustamée, Akadeemia

1988 1989

Aastad  Years

1987

|

Road

10 seirejaam: Kallavere
10 station: Kallavere

6 seirejaam: Viru véljakul
6 station: Viru square

Joonis 2,5 Ohu saastatuse indeksite muutumine Tallinna
neljas enamsaastunud piirkonnas aastail 1986-1990. 4.sei-
rejoam asub Lasnamdel, St. Peterburgi mnt., 6. seirejoam
~ Viru véljakul, 10. seirejaam Kallaveres ja 12. seirejaam
~ Mustaméel, Akadeemia feel. Indeksid on seirejaamade
kaupa arvutatud eri arvu saasteainete aastakeskmiste im-
missioonide alusel.

Figure 2.5 Time series of the air pollution indices in four
most polluted areas in Tallinn in 1986-1990. Monitoring
station No. 4 is located in Lasnamde nearby St. Petersburg
Road, No. 6 ~ at Viru square, No.10 - in Kallavere and
No.12 - in Mustamde, on Akadeemia Road. Air pollution
indices for single moniforing stations have been calculated
on the basis of different number of pollutants’ average
yearly immissions.
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KaSO, kuukeskmised immissioonid tiletasid 1990.a.
pidevalt LPK-sid keskmiselt 2 korda (vt. tabel 2.1).
Seejuures on kolmel kuul aastas saastetase olnud ligi 3
LPK-ja enam kordne (vt. joonis 2.11). Kaks viimati-
mainitud saasteainet ongi peamised selles piirkonnas
Ohu korget saastetaset médravat saasteainet.

Suhteliselt kdrge oli saastetase ka Mustamie elamu-
rajoonis, Akadeemia teel 12. seirejaamas (vt. joonis
2.7), kus viiel kuul aasta jooksul oli dhu saastatuse
indeksi vddrtus 1.7 ja enam! Peamisteks LPK iiletava-
teks saasteaineteks oli siin SO,, mille kuukeskmisteks
immissioonideks moodeti kuni 3.1 LPK ja HCHO,
mille immissioonid ulatusid 2.6 LPK-ni.

10. seirejaamas Kallaveres kujunes aastakeskmi-
seks 0hu saastatuse indeksi viértuseks 1.2 (vt. joonis
2.8). Koige kOrgem saastetase fikseeriti jaanuari-, juu-
ni- ja detsembrikuus. Kaks peamist saasteainet vidvel-
dioksiid ja vesinikfluoriid iiletasid pidevalt LPK-sid.
Jaanuaris mooddeti SO, ja HF immissioonideks vasta-
valt 2.6 ja 2.2 LPK, juunis — 1.4 ja 2.3 LPK ja detsem-
bris 2.1 ja2.3 LPK.

Viru vidljakul, 6. seirejaamas (vt. joonis 2.9) fiksee-
riti kolm kdrgemat indeksi vddrtust jargmiselt; veebrua-
rikuus 1.9, augustis — 1.7 ja novembris — 2.0. Aasta
lilejadnud kuudel oli saastatuse komplekshinnang 6
saasteaine alusel ligilihedane suhteliselt vihesaastu-
nud, tinglikult puhtale 6hule. Korged indeksi vddrtused
liksikutel kuudel andis SO,, mille kuukeskmised im-
missioonid olid vastavalt 3.1 LPK, 2.8 LPKja3.1 LPK.
Normist kolm korda kdrgemad SO, sisaldused lausa
linna stidames viitavad kas seirejaama ebasobivale

Mean monthly immission levels of SO, in 1990
exceeded the MPC twofold on the average (Table 2.1).
In the last three months of the year the pollution level
has exceeded the MPC by up to 3 times (Figure 2.11).
The two latter pollutants are the main contributors to
the high pollution level in this area.

Air pollution level in the Mustamide residential
districtin the vicinity of station No. 12 (Figure 2.7) was
also relatively high. During five months the value of
pollution indices exceeded the MPC by 1.7 times! The
pollutants exceeding the MPC the most are SO,, the
mean monthly immissions of which reached 3.1 MPC;
and HCHO, the immissions reaching 2.6 MPC.

Inmonitoring station No. 10 (in Kallavere) the mean
yearly value of air pollution index was 1.2 (Figure 2.8).
The highest pollution levels were recorded in January,
June and December. The two main pollutants, SO, and
HF, repeatedly exceeded the MPCs level — in January
the recorded immissions were 2.6 and 2.2 MPC, in June
— 1.4 and 2.3 MPC, in December 2.1 and 2.3 MPC,
respectively.

In monitoring station No. 6 (at Viru square) (Figure
2.9) the three highest index values recorded were: 1.9
in February, 1.7 in August and 2.0 in November. In the
other months the comprehensive assessment of air
pollution based on 6 pollutants indicated relatively
unpolluted (“conditionally clean”) air. High values of
the indices during some months were mainly caused by
SO,, the mean monthly immissions of which exceeded
the MPC by 3.1, 2.8 and 3.1 times, respectively. SO,
levels exceeding the permissible concentrations by
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The index value

Joonis 2.6 Tallinna 8hu saastatuse indeksi

o
1

1,2
0,8 -

Indeksi vaartus

1 2 3 4 5 6 7 8 9
Kuud Months

10 11

ajaline muutumine 1990.a. Lasnamdel, St.
Peterburgi mnt. 4. seirejaamas. Indeks on
arvutatud 7 saasteaine aastakeskmiste immis-
sioonide alusel.

Figure 2.6 Time series of the air pollution
index in Tallinn at Lasnaméie, in St. Petersburg
Road monitoring station No. & in 1990. 7

pollutants” average yearly immissions are in-

cluded.
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Joonis 2.7 Tallinna 8hu saastatuse indeksi
ajaline muutumine 1990.a. Mustamdel, Aka-
deemia teel 12. seirejaamas. Indeks on arvu-
fatud & saasteaine aastakeskmiste immissi-
oonide alusel.

Figure 2.7 Time series of the air pollution
index in Tallinn at Mustamde, on Akadeemia
Road monitoring station No. 12 in 1990. 6
pollutants” average yearly immissions are

included.

Joonis 2.8 Tallinna Shu saastatuse indeksi
ajaline muutumine 1990.a. Kallaveres 10.
seirejaamas. Indeks on arvutatud 4 saasteai-
ne aastakeskmiste immissioonide alusel.

Figure 2.8 Time series of the air pollution
index in Tallinn, in Kallavere monitoring
station No.10 in 1990. 4 pollutants” avera-
ge yearly immissions are included.

Joonis 2.9 Tallinna 8hu saastatuse indeksi
ajaline muutumine 1990.a. Viru valjakul é.
seirejaamas. Indeks on arvutatud 6 saasteai-
ne aastakeskmiste immissioonide alusel.

Figure 2,9 Time series of the air pollution
index in Tallinn at Viru square monitoring
station No. 6 in 1990. 6 pollutants’ average
yearly immissions are included.
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Tabel 2.2 Tallinna 4. seirejaamas mé&detud kuukeskmised 5hu saasteainete
immissioonid {mg/m®), suhe LPKga ja vastavad 8hu saastatuse indeksid

1990.a. Koostatud HMV Fondi, 1991.a. materjalide alusel.

Table 2.2 Average monthly immissions of air pollutants {mg/m®) measured

in Tallinn monitoring station No. 4, their ratio to MPC, and corresponding air

pollution indices in 1990, compiled on the data basis of HMD of 1991.a.

1990.a. Tolm 24+ LPK SO, 24+t LPK cO 24t IPK NO, 24+ LPK NH, 24 LPK HCHO  24-tLPK HF 24t LPK Indeksi
kuu iletomine Uletamine tletamine letamine letamine iletamine Uletamine vaartus
Month Dust Violation Violation Violotion Violotion Violation Violation Violation The index
of 1990 of 24-h MPC of 24-h MPC of 24-h MPC of 24-h MPC of 24-h MPC of 24-h MPC of 24-h MPC value
1 0.0081 0.05 0.0924 1.84 1.4990 0.49 0.0164 0.41 0.0207 0.51 0.0068 2.26 0.0033 0.66 1.51
2 0.0166 0.11 0.1598 3.19 1.4029 0.46 0.0180 0.45 0.0231 0.57 0.0062 2.06 0.0028 0.56 2.03
3 0.0173 0.11 0.1026 2.05 1.2898 0.42 0.0175 0.43 0.0250 0.62 0.0090 3.00 0.0016 0.32 2.02
4 0.0585 0.39 0.0756  1.51 1.3571 0.45 0.0158 0.39 0.0146 0.36 0.0128 4.26 0.0016 0.32 2.99
) 0.0439 0.29 0.0775 1.55 0.6734 0.22 0.0116 0.29 0.0251 0.62 0.0079 2.63 0.0013 0.26 1.68
6 0.0520 0.34 0.0769 1,58 1.3611 0.45 0.0268 0.67 0.0313 0.78 0.0089 2.96 0.0041 0.82 1.96
7 0.0220 0.14 0.0871 1.74 0.9459 0.31 0.0204 0.51 0.0267 0.66 0.0094 3.13 0.0023 0.46 2.08
8 0.0552 0.36 0.1353 2.70 0.7826 0.26 0.0098 0.24 0.0411 1.02 0.0095 3.16 0.0014 0.28 2.30
Q 0.0242 0.16 0.0999 1.99 0.7457 0.24 0.0155 0.38 0.0299 0.74 0.0093 3.10 0.0017 0.34 2.09
10 0.0132 0.08 0.0886 1.77 1.0447 0.34 0.0170 0.42 0.0338 0.84 0.0060 2.00 0.0025 0.50 1.34
[N 0.0410 0.27 0.1718 3.43 0.9444 0.31 0,0218 0.54 0.0341 0.85 0.0073 2.43 0.0008 0.16 2.28
12 0.0237 0.15 0.0806 1.61 0.9629 0.32 0,0151 0.37 0.0322 0.80 0.0048 2.26 0.0014 0.28 1.45
keskmine
average 0.0313 0.20 0.1040 2.08 1.0841 0.36 0.0171 0.42 0.0281 0.70 0.0083 277 0.0021 0.41 1.88

LE

1js99

ys!|Bus




eesti

english

38

paiknemisele lokaalse Ghu saasteallika vahetus lahedu-
ses vOi monele teisele suurele saasteallikale Viru vélja-
ku piirkonnas.

Ulejddnud neljas seirejaamas fikseeriti monevorra
madalamaid saastetasemeid ja seetdttu me neid siinko-
hal ei esita. Iseloomulik on aga kdigile see, et iiksikutel
kuudel on mdodetud LPK-dest tunduvalt kdrgemaid
immissioone.

three times in the centre of the town indicate either an
unsuitable location of the monitoring station in the near
vicinity of a considerable pollution source or the exis-
tence of some other source of pollution in the Viru
square area.

In the remaining four monitoring stations lower
pollution levels were recorded, therefore these data are
not presented here. However, it is characteristic to all
the stations that immissions significantly exceeding the
MPC have been recorded during some months.

Joonis 2,10 Tallinna 6hu HCHO immissi-
ooni ajaline muutumine 1990.qa. lasnamd-
el, St. Peterburgi mnt. 4. seirejaamas.

Kuukeskmine immissioon, mg/m3
The monihly average immission, mg/m3
o
©
S
&

Figure 2,10 Time series of HCHO immissi-
onin Tallinn in 1990 at St. Petersburg Road
monitoring station No. 4.
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Figure 2.11 Time series of SO, immission
in Tallinn in 1990 at St. Petersburg Road
monitoring station No. 4.
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2.4 Kohtla-Jarve ohu saastatuse
komplekshinnangud

Kohtla-Jdrve on Kirde-Eesti suurimaid to0stuskeskusi
ja siin on Ghu saastatuse tase olnud pidevalt korge.
Siistemaatiliste mootmistega alustas HMV siin 1974.a.
kahes seirejaamas, kus regulaarselt mggdeti iileliiduli-
se metoodika alusel tolmu, SO,, CO, NO_ ja fenooli
sisaldusi. Alates 1978.a. mdddeti juba neljas seirejaa-
mas lisaks loetletud saasteainetele veel vidvelvesiniku
ja formaldehiiiidi immissioone, vt. ldhemalt (Kallaste,
1984). Seal on esitatud 1ihemalt immissioonim&dtmis-
te tulemused aastatel 1974-1983.

Kiesoleval ajal m66dab HMV neljas seirejaamas:
Nr.1 - nn. Sotsialistlik linnaosa, Nr.3 — Ahtme, Nr.4 —
Kividli, Nr.6 — J6hvi, juba 11 saasteaine ja lisaks veel
raskmetallide immissioone. Seejuures mdddeti neis
seirejaamades jargmiseid saasteaineid:

1. seirejaamas: tolm, SO,, CO, NO,, NO, C.H,OH,
H,S,NH, jaHCHO, lisaks veel rask-
metalle,

3. seirejaamas: tolm, SO,, CO,NO,, C.H,OH, H,S,
NH, ja HCHO, lisaks veel benso(a)-
plireeni,

4. seirejaamas: tolm, SO,, CO, NO,, C.H,OH, H,S,
ja HCHO, lisaks veel benso(a)pii-
reeni,

6. seirejaamas: tolm, SO,, CO,NO,, C.H,OH, H_S,
NH, ja HCHO, lisaks veel (SO,)*.

HMYV poolt aastatel 1974-1990 (Jezhegodnik...,
1974-1991), tehtud mddtmistulemuste alusel on Shu
saastatuse indeksi arvutamiseks vetud arvesse 4 saas-
teaine — SO,, CO, NO, ja fenooli aastakeskmised im-
missioonid (vt. joonis 2.12). Ohu saastatuse tase omab
selgelt viljenduvat vihenemistendentsi ja vaadeldava
perioodi viimasel viiel aastal vdiks viikese arvu saas-
teainete alusel arvutatud komplekshinnangut juba LPK-
dega madratud tasemele vastavaks lugeda.

Alates 1986.a. suurendas HMV Kohtla-J4rvel aga
oluliselt analiilisitavate saasteainete arvu ja Ghu saasta-
tuse indeksi arvutustes sai kasutada juba kuni 9 saaste-
aine immissioone. Lisaks eelnimetatuile tulid juurde
NO, H,S, NH, ja HCHO. Mirksa suurema arvu saaste-
ainete immissioonimodtmiste alusel arvutatud indek-
sid viieaastase perioodi jaoks tiletavad 1986.a.ja 1987.a.
mirgatavalt LPK-dega lubatavat saastetaset (vt. joonis
2.13). Alles 1990.a. on indeksi viddrtus saavutanud
lubatava piiri. Jdllegi v8ime tddeda, et suurema arvu
saasteainete alusel hinnatud 6hu saastatuse tase loob

2.4 Assessment of the air pollution
level in Kohtla-Jéarve

Kohtla-Jdrve is one of the main industrial centres in
North-East Estonia where the pollution level has been
continuously high. Systematic measurements were
begun by the HMD in two monitoring stations in 1974.
According to the USSR methods measurements of
dust, SO,, CO, NO, and phenols were carried out
regularly. Since 1978 four stations have been measu-
ring immissions of hydrogen sulphide and formaldehy-
de, in addition to the mentioned pollutants (see also
Kallaste, 1984, for results of immission measurements
for 1974-1983).

At present the HMD operates four air monitoring
stations in Kohtla-Jarve; No. 1 —in the “Sotsialistlik”
(“Socialist™) district, No. 3 — in Ahtme, No. 4 - in
Kividli, No. 6 — in J6hvi. Immissions of already 11
pollutants plus heavy metals are recorded. The follo-
wing pollutants were measured:

in station No. 1: dust, SO,, CO, NO,, NO, C.H,OH,
H,S, NH, and HCHO, plus heavy
metals;

in station No. 3: dust, SO,, CO, NO,, CH,OH, H,S,
NH, and HCHO, plus benzo(a)-
pyrene;

in station No. 4: dust, SO,, CO, NO,, C.H,OH, H,S
and HCHO, plus benzo(a)pyrene;

in station No. 6: dust, SO,, CO,NO,, C H,OH, H,S,
NH, and HCHO, plus (SO )*.

According to measurement results of HMD for
1974-1990 (Jezhegodnik..., 1974-1991), mean annual
concentrations of four pollutants — SO,, CO, NO, and
phenols —were taken into account while calculating the
air pollution indices (Figure 2.12). The air pollution
level has been steadily decreasing and in the last five
years of the period under observation the index values
as calculated based on a small number of pollutants
could be considered acceptable according to the levels
fixed by MPCs.

Since 1986 the HMD has measured a considerably
bigger number of pollutants in Kohtla-Jirve and index
calculations could already be based on data concerning
immissions of 9 pollutants. In addition to the ones
mentioned already, NO, H,S, NH, and HCHO were
added. Indices calculated for the 5-year-period based
on a higher number of pollutants considerably excee-
ded the allowed levelsin 1986 and 1987 (Figure 2.13).
Only in 1990 the index values reached the acceptable
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The index value
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Indeksi vaartus
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Joonis 2,12 Kohtla-Jdrve hu saastatuse indeksi muutumi-
ne. Indeks on arvutatud 4 saasteaine (SO, CO, NO, ja
fenooli) aastakeskmiste immissioonide alusel.

Figure 2.12Time series of the air pollution index in Kohtla-
Jarve. 4 pollutants’ (SO,, CO, NO, and phenol) average
yearly immissions are included.

9 saasteaine alusel

9 pollutonts included

4 saasteaine alusel
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" The index value

Indeksi vaartus
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Joonis 2. 13 Kohtla-Jérve hu saastatuse indeksi muutumi-
ne aastatel 1986—1990. Indeksid on siin arvutatud eri arvu
saasteainefe alusel; vasakpoolsed tulbad 9 ja parem-
poolsed — 4 saasteaine aastakeskmiste immissioonide alu-
sel.

Figure 2.13 Time series of the air pollution indices in
Kohtla-Jcirve in 1986~1990. Indlices have been calculated
on the basis of different number of pollutants’ yearly
average immissions: 9 pollutants’ — left bars and 4 pollu-
fants’ ~ right bars.
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mirksa realistlikuma ettekujutuse tegelikkusest.

Ilmselt on sellise kdrge saastepotentsiaaliga linna
ohu saastatuse olukorra objektiivseks kirjeldamiseks
vajalisada moddetavate ainete kogumile veel terve rida
spetsiifilisi keemilisi aineid, mis praktiliselt miédravad
elanike tervisele védga ohtlikuks muutunud tegeliku
saastatuse.

Mainitud viieaastase perioodi kohta oli vGimalik
Kohtla-Jirve koigis neljas seirejaamas arvutada indeks
iihetaolise kogumi — 7 saasteaine, alusel (vt. joonis
2.14), mis lubab objektiivselt reastada Kohtla-Jarve
linna neli vaatluse alla vdetud piirkonda. Kompleks
hinnangutest selgub, et aastail 1987-1990 on koige
korgema saastatusega, LPK-dega veel lubatud saaste-
taseme 2—4 kordse iiletamisega tegemist Kivi6lis (4.
seirejaam). JArgneb Sotsialistlik linnaosa ja edasi Aht-
me ja Johvi, kus fikseeriti paaril viimasel aastal juba
LPK-dega lubatust vidiksemaid saastetasemeid.

level. It can be noted once more that the consideration
of a higher number of pollutants gives a more realistic
reflection of the reality.

For an objective description the air pollution level in
a highly polluted town such as Kohtla-Jarve, it would
be necessary to consider additionally a number of
specific chemical compounds which may have serious
impact on public health.

For the mentioned 5-year-period it was possible to
calculate indices based on 7 pollutants for all the four
stations (Figure 2.14), which enables to compare air
pollution levels in the four districts of Kohtla-Jirve.
Indices show that in 1987-1990 the pollution was the
most serious (exceeding the allowed level by 24
times) in Kivi6li (station No. 4). The “Sotsialistlik”
district, Ahtme and JOGhvi followed; in a couple of years
the recorded pollution levels have remained below the
level allowed by MPCs there.
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Joonis 2. 14 Kohtla-Jérve 5hu saastatuse indeksi muutumi-
ne erinevates seirejaamades, vasakult paremale vastavalt:
Kivisli (Nr. 4), Sotsialistlik linnaosa (Nr. 1), Ahtme (Nr. 3),
ja J&hvi (Nr. é). Indeksid on arvutatud 7 saasteaine aasta-
keskmiste immissioonide alusel.

Figure 2.14 Time series of the air pollution indices in
different monitoring stations in Kohtla-Jérve. From left to
right: Kiviéli (No. 4), Socialist District (No. 1), Ahtme (No.
3) and Johvi (No. 8). Indices have been calculated on the

basis of 7 pollutants’ yearly average immissions.

41



eesti

english

42

2.5 Narva 6hvu saastatuse
komplekshinnangud

Narva linnas on kOrge saastepotentsiaaliga allikaid
suhteliselt vihe ja olemasolevad on hajutatud linna eri
piirkondadesse. Kiill aga on linn kahe suure energeeti-
katoostuse ettevitte, Balti ja Eesti Elektrijaamade saas-
te mdojupiirkonnas. SeetOttu on Ohu saastatuse tase
olnud pidevalt viga korge. Saastetaseme siistemaatilis-
te moStmistega iileliidulise metoodika alusel alustas
HMYV Narvas 1973.a. kolmes seirejaamas, sealhulgas
ka Narva-Joesuus. Esialgu mo6deti vaid SO,, CO ja
NO_ sisaldust, 1974.a. lisandusid tolmu ja tahmasi-
salduse, 1978.a. — fenooli md&tmised, vt. ldhemalt
(Kallaste, 1984), kus on kokku véetud HMV immis-
sioonimddtmiste tulemused aastatel 1973—-1983. 1980-
ndate aastate 10pus lisandusid juba lisaks loetletud 5
saasteainele veel vidvelvesiniku, formaldehiiiidi, sul-
faatiooni ja benso(a)plireeni mdotmised. Kédesoleval
ajal moodab HMV Narvas kolmes seirejaamas: Nr. 5 —
Petrovskaja t., Nr. 9 — Narva-Jéesuus ja Nr. 11 —
Uuskiila t. Seejuures moddeti neis jdrgmiseid saasteai-
neid:

5. seirejaamas: tolm, SO,, CO, NO,, NO ja H,S,
lisaks veel benso(a)piireen,

tolm, SO,, CO ja NO,, lisaks veel
(SO)%,

11. seirejaamas: tolm, SO,, CO, NO, ja HCHO.

9. seirejaamas:

HMV poolt aastatel 1973-1990 (Jezhegodnik...,
1973-1991), tehtud moStmistulemuste alusel oli kogu
perioodi Ohu saastatuse indeksi arvutamiseks vGimalik
arvesse votta ainult kolme saasteaine — SO,,CO jaNO,
aastakeskmised immissioonid (vt. Joonis 2.15). Nii
viikese arvu saasteainete alusel arvutatud indeks omab
kahtlemata vaid illustratiivset tdhendust, kuna vbimal-
dab tegelikust Ghu saastatuse tasemest anda vaid viga
piiratud ettekujutuse. Vaadeldud perioodil olid kaige
suuremad saastetasemed aastail 1982-1986, mil komp-
lekshinnang ulatus 7-8.5 -kordse LPK-dega veel lu-
batud taseme iletamiseni. POhiline osa kuulus siin
vddveldioksiidile.

Viimase viieaastase perioodi 1986-1990.a. kohta
oli voimalik Narva koigis kolmes seirejaamas arvutada
indeks iihetaolise kogumi — 4 saasteaine; tolmu, SO,,
COjaNO,, alusel (vt. joonis 2.16), mis lubab objektiiv-
selt vorrelda Narva linna kolme vaatluse alla yoetud
piirkonda. Selgub, et aastail 1986-1990 on kbigis kol-
mes seirejaamas tegemist ligikaudu tihesuguse saaste-
tasemega, mis iihtlasi nditab mirgatavat vihenemis-

2.5 Assessment of the air pollution
level in Narva

In Narva the number of highly dangerous pollution
sources is relatively low and they are located in diffe-
rent parts of the town. However, the town is in the
vicinity of two major air pollution sources in Estonia —
the Baltic and Estonian Thermal Power Plants. There-
fore the pollution level has been continuously high.
Systematic measurements of air pollution were started
by the HMD in 1973 in three stations (including Narva-
JOesuu), according to the USSR methods. In the begin-
ning only SO,, CO and NO_were measured; in 1974
dust and soot, and in 1978 phenols were added (see
Kallaste, 1984, for more information concerning re-
sults of immission measurements in 1973-1983). At
the end of the 1980s measurements of H,S, HCHO,
SO, and benzo(a)pyrene were added to the ones
mentioned already. At present the HMD operates three
monitoring stations in Narva: No. 5 — in Petrovskaja
Str., No. 9 —in Narva-Joesuu, and No. 11 —in Uuskiila
Str. The following pollutants were measured:

dust, SO,, CO,NO,, NO and H, S,
plus benzo(a)pyrene,

dust, SO,, CO and NO,, plus
(S0,

in station No. 11: dust, SO,, CO, NO, and HCHO.

in station No. 5:

in station No. 9:

According to the measurement results of the HMD
for 1973-1990 (Jezhegodnik..., 1973-1991), it was
possible to calculate the air pollution index for the
whole period based on the mean annual immissions of
only three pollutants — SO,, CO and NO, (Figure 2.15).
Index calculated on the basis of data concerning so few
pollutants can certainly be of illustrative value only as
it gives a very limited picture of the reality. During the
period observed the pollution level was the highest in
1982-1986 when the indices exceeded the permissible
level by 7-8.5 times. The main share was contributed
by SO,.

Inthelast five years (1986-1990) the index could be
calculated for all three districts of Narva based on the
same four pollutants —dust, SO,, CO and NO, (Figure
2.16). This makes it possible to compare the districts. It
can be seen that in the years 1986-1990 the pollution
level was approximately the same at all the stations,
which in turn indicates a considerable declining ten-
dency.

Since 1989 H,S and HCHO could be taken into
account and the pollution index has been calculated on
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Joonis 2.15 Narva 6hu saastatuse indeksi muutumine.
Indeks on arvutatud 3 saasteaine (SO, CO ja NO,)

aastakeskmiste immissioonide alusel.

Figure 2. 15 Time series of the air pollution index in Narva.
3 pollutants’ (SO,, CO and NO,) average yearly immissi-
ons are included.
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Joonis 2,16 Narva shu saastatuse indeksite muutumine
erinevates seirejaamades, vasakult paremale vastavalt:
Uuskilat. (Nr. 11), Petrovskajat. (Nr. 5), Narva-Jdesuu (NFr.
9). Indeksid on arvutatud 4 saasteaine ftolm, SO,, CO ja

NO,) aastakeskmiste immissioonide alusel.

Figure 2.16 Time series of the air pollution indices in
different monitoring stations in Narva. From left to right:
Uuskila str. (No. 11), Pefrovskaja Sir. (No. 5), Narva-
Jsesuu No. 9). Indices have been calculated on the basis
of 4 pollutants’ (dust, SO,, CO and NO,) yearly average

immissions.
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tendentsi.

Alates 1989.a. oli voimalik indeksi arvutustesse
lisada veel H.S jaHCHO mdatmistulemused ja arvuta-
da indeks juba 7 saasteaine alusel. Selgub, et Narva 6hu
saastatuse komplekshinnang iiletab siiski tervelt 2-
korda LPK-degalubatud taset (joonis 2.17). Siitilmneb
veelkord vajadus ka Narvas oluliselt suurendada regu-
laarse seirega haaratud saasteainete arvu, et anda 6hu
saastetasemest voimalikult objektiivne kisitlus.

Lihemalt onanaliiiisitud Narva 11, seirejaama moot-
mistulemusi 1987.a. iiksikute kuude 18ikes. Kolmest
vaadeldavast saasteainest, (tolm, SO, ja NO,), on pea-
miseks LPK-sid iiletavaks vadveldioksiid, mis mairab
ka saastatuse komplekshinnangu k&rged vadrtused kogu
aasta jooksul (vt. joonised 2.18 ja 2.19).

the basis of 7 pollutants already. It can be seen that the
air pollution level in Narva exceeded the permissible
pollution level twofold (Figure 2.17). This again refers
to the necessity to increase the number of pollutants
measured regularly in order to give a possibly realistic
assessment of air pollution.

Measurementresults of station No. 11 for 1987 have
been analyzed in more details. Of the three pollutants
observed (dust, SO, and NO,), SO, exceeds the MPC to
the greatest extent; this determines the high value of
mean monthly pollution indices throughout the whole
year (Figures 2.18 and 2.19).

1990

1989
Aastad  Years

3 saasteainet
3 pollutants

5 saasteainet
5 pollutants

7 saasteainet
7 pollutants

Joonis 2.17 Narva hu saastatuse indek-
site muutumine aastatel 1989 ja 1990. In-
deksid on siin arvutatud eri arvu saasteainete
alusel; vasakult paremale vastavalt 3, 5 ja 7
sqasteaine aastakeskmiste immissioonide
alusel.

Figure 2.17 Time series of the air pollution
indices in Narvain 1989 and 1990. Indices
have been calculated on the basis of different
number of pollutants. From leftto rightrespec-
tively 3, 5 and 7 pollutants’ yearly average
immissions are included.

Joonis 2,18 Narva 3hu SO, immissiooni

LPK ajaline muutumine 1987.a. Uuskila t., 11.

MPC seirejaamas.
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Figure 2,18 Time series of SO, immission
in Narva in 1987 at Uuskila Sir. in the

monitoring station No. 117.
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Indeksi vaartus  The index valve
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Joonis 2,19 Narva 6hu saastatuse indeksi
ajaline muutumine 1987.a. Uuskiilas 11. seire-
jaamas. Indeks on arvutatud 3 saasteaine aas-
takeskmiste immissioonide alusel.

Figure 2,19 Time series of air pollution index
in Narva in 1987 at Uuskiila Str. in the monito-
ring station No. 11. Indices have been calcula-
ted on the basis of 3 pollutants’ yearly average
immissions.

12

SenionEestisHMV poolt fikseeritavate saasteaine-
te seast vast kdige enam jirjepidevaid andmeid SO,
immissioonide kohta. Joonisel 20 ongi esitatud Tallin-
na, Kohtla-Jérve ja Narva Ghus fikseeritud SO, aasta-
keskmiste sisalduste ajaline muutumine. Suuri hiippeid
allapoole voib mérgata kdigis kolmes linnas; Tallinnas
aastatel 1980/1981, Kohtla-J4rvel — 1977/1978, Nar-
vas — 1986/1989. Tallinnas ja Kohtla-J4drvel on muutu-
nud trendid piisivateks alles viimasel kuuel, seitsmel
aastal, Narvas on aga alates 1987.a. kuni vaadeldava
perioodi 16puni toimunud jérsk vihenemine kuni isegi
allapoole LPK-ga mé4ratud taset.

Until now the data obtained by the HMD are the
most continuous concerning the immissions of SO,.
The dynamics of mean annual immissions of SO, in
Tallinn, Kohtla-Jédrve and Natva is presented in Figure
2.20. Considerable changes can be noticed in data
concerning all the three towns: in Tallinnin 1980/1981,
in Kohtla-Jdrve in 1977/1978, in Narva in 1986/1989.
In Tallinn and Kohtla-Jirve the trends have become
more stable only in the last 6-7 years, in Narva the
decrease in the pollution level has been considerable
from 1987 to the end of the period under observation,
reaching values below the MPC level.
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Joonis 2,20 Pshja-Eesti peamiste linnade 5hu SO, aasta-
keskmise immissiooni ajaline muutumine aastail 1970~

1990.

Figure 2.20 Time series of SO, yearly average immission
in major North-Estonian towns in 1970-1990.
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2.6 Kokkuvote

Kolme linna dhu saastatuse tasemest viimastel aastatel
annab iilevaate joonis 2.21, kus on kdrvutatud eri arvu
ja erineva saasteainete kogumi alusel arvutatud komp-
lekshinnangud. Muidugioleks vordlus midrksa korrekt-
sem, kui indeksi arvutustes oleks olnud véimalik ka-
sutada koigi kolme linna kohta tihetaolist saasteainete
kogumit. Siiski voib tildistavalt 6elda, et Shu saastetase
Pohja-Eesti suuremates linnades iiletas veel tunduvalt
LPK-dega médratud taset. PGhjalikumat sisulist ja-
reldust kolme linna saastatuse vordluse kohta on raske
anda. K@ik s0ltub sellest, kui palju informatsiooni on
voimalik koondada komplekshinnangute tegemiseks -
midarohkem ja mitmekiilgsemat, seda t8esema etteku-
jutuse tegelikkusest saame.

2.6 Summary

Comparison of the air pollution levels of Tallinn, Koht-
la-Jarve and Narva over the last years is presented in
Figure 2.21. Comprehensive assessments based ondata
concerning a different number of different pollutants
are given. The comparison would certainly be more
proper if the basic information would have been similar
concerning all the three towns. However, it can be
noted that the air pollution level in major towns of
northern Estonia exceeded the permissible levels con-
siderably. It is difficult to draw more substantial con-
clusions concerning the given information. The results
depend on the amount and quality of the basic data
which can be obtained for calculating the comprehen-
sive assessments: the more in quantity and the more
diverse they are, the better the results represent reality.

B Narva
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2'5ﬁ

Kohtla-Jérve

The index value
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Joonis 2,21 Pshja-Eesti peamiste linnade 8hu saastatuse
indeksite ajaline muutumine aastail 1987-1990. Indeksid
on arvutatud Narvas aastail 1987-1988 5 saasteaine ja
aastail 1989-1990 -7 saasteaine alusel, Tallinnas - 10ja
Kohtla-Jérvel — 9 saasteaine alusel.

Figure 2.21 Time series of air pollution indices in major
North-Estonian towns in 1987-1990. Indices have been
calculated for Narva on the basis of 5 pollutants' in 1987~
1988 and on 7 pollutants' in 1989~1990, for Tallinn on the
basis of 10 and for Kohtla-Jérve on the basis of 9 pollutants’
yearly average imiissions.
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Nihtavasti on olukorrast vdimalikult objektiivse
pildi saamiseks koige tidhtsam:

 teha interkalibreerimised kdigi seirega haaratud
saasteainete analiilisaatorite osas,

» oluliselt tOsta seirejaamades tehtavate regulaar-
sete immissioonim@dtmiste tehnilist taset eelkdi-
ge pideval reziimil to0tavate automaatsete moo-
teriistade hankimise teel,

« tunduvalt suurendada seirega hdlmatud saasteai-
nete arvu, eriti Kohtla-Jdrvel ja Narvas, vastavalt
lokaalse saastumise eripérale,

« kriitiliselt 14bi vaadata olemasolevate seirejaa-
made piisavus ja paiknemine linnades selleks, et
tagada vaadeldavate piirkondade 6hu saastatuse
seire objektiivne representatiivsus.
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For acquiring the most adequate picture of the
reality it seems most important:

* to carry out intercalibration concerning measu-
ring equipment of all pollutants which are moni-
tored;

* to considerably improve the technical level of
immission measurements made in the air monito-
ring stations, especially via obtaining reliable on-
line automatic measuring equipment;

* to considerably increase the number of pollutants
monitored, especially in Kohtla-Jirve and Narva,
due to the specific features of local pollution;

* tocritically review the location and sufficiency of
the existing air monitoring stations in towns with
the aim of guaranteeing representability and reli-
ability of monitoring data concerning air polluti-
on.
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Lisad

Tabel Védvli-jalammastikukoormused [mg/m? kuus) 1981,
1985, 1987-1990

Appendices

Table Loads of sulphur and nitrogen (mg/m? per month) in
1981, 1985, 1987-1990

]

Kuu Jshvi Sérve Tooma
Month| SO, NO,-N NH:N sum N SO,S NO;N NHN  sum N SO,-§ NO,-N NH,N sum N
1981
1 {190.67 11.17 37.82 48.99 | 327.83 4543 118.02 163.45
2 19278 8.15 15.71 23.86 14.06 2.47 975 12.22
3 1217.93 479 4.42 9.21 | 148.41 27 .47 47 84 75.30
4 |336.49 11.71 9.93 21.64 43.68 4.55 20.25 24.81
5 |325.61 16.73 38.42 5515 51.67 3.39 24.31 27 .69 71.53 8.86 21.87 30.73
6 [239.34 24.36 28.86 53.22 37.63 1.53 4.39 592 | 176.40 8.63 67 .46 76.09
7 | 43577 34.29 97.89 132.18 70.81 9.59 10.00 19.59 | 199.95 15.15 22.07 37.22
8 [292.19 37.90 51.55 89.45 150.40 19.10 36.56 55.66
9 |[145.40 13.95 25.45 39.40 | 15217 28.58 47 .11 75.69 | 108.73 42.09 26.10 68.19
10 12275 12.64 13.75 26.39 | 162.80 27.06 25.85 52.91 | 19215 24.45 54.68 79.12
11 |403.94 30.57 53.18 83.76 | 275.40 41.46 81.87 123.33 54.08 28.82 25.24 54.05
12 | 245.92 42.51 17.15 59.66 80.23 14.81 10.33 25.14
1985
1 1421.20 18.07 21.17 39.24 97.58 12.74 19.71 32.45
2 [163.30 6.01 15.90 21.92 102.67 0.79 8.56 9.35
3 |231.67 15.57 59.46 75.03 126.79 575 61.17 66.92
4 |458.95 14.20 36.12 50.32 | 187.78 14.69 35.62 50.31 | 114.80 10.07 4.08 14.15
5 |445.08 11.94 58.50 70.43 32.39 7.59 20.37 27 .97
6 |282.80 10.67 20.27 30.94 81.81 21.07 49 49 70.56 | 163.86 14.08 5.60 19.67
7 1699.30 47 .88 Q4.37 142.26 47 .30 20.20 50.51 70.71 98.90 10.50 28.46 38.96
8 |439.79 38.92 7448 113.40 95.19 15.41 73.47 88.88 | 149.83 15.75 39.78 55:53
9 |[481.65 22.67 33.12 55.79 42.00 31.59 56.10 87.69 73.76 17.23 43.32 60.55
10 34.30 272 28.89 31.61 74.67 5.50 35.98 41.48
11 |402.37 26.15 64.57 90.72 86.25 8.73 30.05 38.78 52.70 417 32.79 36.96
12 {510.55 25.90 77.46 103.36 42.00 14.65 24 .01 38.66 74.62 18.11 33.67 51.78
1987
1 |532.13 15.32 26.03 41.35 | 313.47 42.99 36.72 79.72 | 149.20 10.67 19.23 29.90
2 | 57594 31.35 46.16 77.51 | 196.43 21.58 34.28 55.87 | 272.85 34.67 73.65 108.32
3 1136.09 10.43 15.41 2584 | 185.44 14.59 21.87 36.46 31.04 33.24 12.63 45.87
4 23.94 4.46 8.47 12.92
5 |266.96 31.74 67.59 99.34 89.23 24.03 63.71 87.74 | 116.61 53.88 6977 123.64
6 |184.24 19.21 30.49 49.70 | 156.86 0.77 109.80 110.57
7 [131.60 20.63 24.27 44.90 85.42 7.35 3577 43.12
8 |410.08 14245 276.27 41872 | 346.69 16.29 74.34 90.63
9 1413.56 100.05 349.23 44928 | 120.26 14.95 57.15 72.10
10 51.15 8.85 39.55 48.40 22.20 3.55 4.04 7.59
1 67.70 0.00 4528 45.28 | 118.99 0.00 62.72 62.72
12
1988
1 1233.00 9.75 75.83 85.59 22.50 535 21.00 26.35 57 .93 6.50 43.77 50.27
2 |571.50 14.28 52.35 66.63 68.85 12.11 28.73 40.84 | 107.80 8.42 97.02 105.44
3 [292.00 20.04 85.12 105.16 | 170.30 22.60 25.68 48.28 | 152.27 10.45 73.86 84.31
4 | 527.00 5.88 22.18 28.06 33.00 21.46 19.10 40.56 | 351.50 35.40 38274 418.14
5 |387.45 13.16 76.53 89.70 55.72 6.57 35.15 41.72 63.63 7.18 88.38 95.56
6 |316.80 7.72 45.99 53.71 54 .95 1.61 43.89 45.50 50.39 13.98 37.10 51.08
7 |164.15 6.96 56.28 63.24 | 405.60 12.36  260.26 272.62 | 160.90 19.41  118.48 137.89
8 |418.83 9.29 230.99 240.27 | 107.10 570 161.05 16674 | 19191 37.46 287.32 32478
9 1385.88 1696 16247 179.43 63.80 3.46 52.10 55.56 | 227.21 221 180.18 182.39
10 |243.86 9.16 38.79 47 .94 54.90 3.31 21.56 24.87 | 127.09 9.46 60.14 69.60
11 |238.78 29.06 57.65 86.71 50.25 6.45 10.41 16.85 74.00 24.06 35.45 59.52
12 | 942.00 20.31 56.78 77.10 | 662.15 9.32 36.35 4568 | 531.20 11.10 49.06 460.16




eesli

english

Kuu Jahvi Sorve Tooma
Month| SOS  NOsN  NH:N sumN SO,S  NO,N NH-N  sum N SO,S NON  NHN  sumN
1989
1 1121.80 6.65 217 8.82 58.65 0.00 1.67 1.67 94.95 5.19 22.16 27.35
2 1200.20 16.94 7.26 24.20 55.75 10.57 10.06 20.63 99.40 19.75 6.63 26.38
3 1189.80 8.37 40.88 49.25 83.68 7.06 29.53 36.58 57.30 5.00 28.23 33.23
4 [404.27 18.06 68.68 86.74 96.04 6.77 20.09 96.87 41.10 15.47 24.08 39.55
5 1158.58 13.44 48.04 61.47 13.25 1.73 6.75 8.48 5227 13.94 30.49 44 43
6 [390.25 51.11 182,12 233.23 35.00 3:51 2.29 5.80 | 223.73 2217 163.79 18596
7 27 .41 3.53 11.84 15.38 | 176.00 22.45 68.44 20.90 97.50 14.69 44.77 59.46
8 [898.33 72.71 58.53 131.24 | 287.76 62.10 7521 137.31
Q 49.32 297 3.20 6.17 20.03 6.35 61.49 67.85 | 149.80 59.73 5.99 65.72
10 (208.49 61.24 2.58 63.83 27.54 1276 28.19 40.95 46.80 9.01 1.72 10.74
11 [339.08 4.36 12.50 16.86 | 187.78 2.68 53.04 55.72 21.33 0.79 13.61 14.40
12 [389.50 25.31 2.07 27.38 29.96 10.24 13.32 23.56 17.55 11.54 7.89 19.42
1990
1 |450.56 48.79 0.40 49.19 41.69 26.53 32.43 58.96 | 151.40 3.59 17.66 21.25
2 |501.38 14.23 2.04 16.27 | 287.59 3.61 39.08 42.69 | 155.04 12,13 38.04 50.17
3 (21878 6.99 2.01 2.00 54.60 4.32 17.69 22.01 69.96 3.43 26.18 29.61
4 13.18 0.85 1.91 2.75 34.47 2.78 15.24 18.02
5 138594 5.28 36.64 41.92 30.82 0.81 1.50 2.31 0.00 0.00 0.00 0.00
6 |265.02 0.23 1.07 1.30 | 80.55 074 6926  70.00 | 72.02 0.98 1.35 2.34
7 |425.15 577 2927 3504 | 37.87 0.59 1020 1079 | 58.86 0.80 3226  33.06
8 [586.27 8.54 13.48  22.02 | 34.79 1.44 1226 1370 [ 11229 1.47 2238  23.84
9 |225.04 11.78 1999 3177 | 115.69 652 2245 2897 |210.70 1.14 3703  38.17
10 382,94 11.95 575 17.70 49.35 3.24 11.14 14.38 30.84 50.05 17.81 67.87
11 [544.73 3.17 5.69 8.86 |301.07 6.12 21.07 27.19 24.34 1.62 32.30 33.92
12 [111.44 0.22 0.19 0.41 36.90 0.18 0.61 0.79 17.07 0.15 0.34 0.48
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Tabel Védvli-ja limmastikukoormused (mg/m?kuus) 1981,
1985, 1987-1990

Table Loads of sulphur and nitrogen (mg/m?per month)

1981, 1985, 1987-1990

Kuu Tallinn Tiirikoja
Month| SOS  NO,N NH,N sumn N SO NO;N NH,N sum N
1981
1 653.95 33.50 13522 168.72
2 |514.87 18.42 81.01 99.43
3 |334.77 25.64 65.33 Q0.97 |[211.93 54.22 11.64 65.85
4 60.26 16.61] 10.89 27.50
5 109.76 21.51 11.28 32.79
6 |[303.39 31.82 12.56 44.38 | 179.03 55.41 9.36 64.77
7 [320.69 59.93 7122 131.14 | 174.17 50.97 8.45 59.42
8 |249.24 23.69 16.88 40.58 [ 161.04 35.61 12.00 47 .61
Q@ (25472 32.39 §5.37 37.76 | 160.00 34.25 2.61 36.86
10 [269.37 38.57 40.88 79.45 | 164.48 28.55 18.39 46.94
11 309.24 38.38 33.20 71.58 40.53 17.61 7.51 2511
12 1242.57 30.97 3.51 34.48 | 123.28 44 .66 13.76 58.42
1985
1 350.17 1.21 78.73 7994 [110.47 30.04 75.21 105.25
2 |111.48 2.16 11.43 13.59 94.27 0.81 775 8.56
3 135.80 17.61 42.32 59.93 190.00 15.57 57 .41 72.99
4 1620.83 36.42 37.17 73.58 | 108.50 13.30 3.86 17.16
5 53.38 13.02 21.26 34.27 85.00 13.63 2.64 16.27
6 | 14272 12.99 35.38 48.37
7 [145.16 12.68 15.15 27.83 | 304.20 14.42 709.80 724.22
8 76.00 17.16 17.14 34.30 [ 178.10 23.78 .81.29 105.07
9 1108.60 42.51 58.56 101.07 70.35 32.22 47 .68 79.91
10 77 .21 14.42 31.16 45,58 75.37 7.52 33.32 40.84
11 85.07 23.05 15.88 38.93 73.80 10.00 29.27 39.27
12 ]296.00 33.06 11511 148.17 | 100.20 18.55 19.48 38.04
1987
1 248.01 14.63 45.52 60.15 | 236.88 18.32 30.13 48.45
2 52.11 15.42 65.10 80.52 | 140.10 31.32 37.05 68.37
3 43.33 1.71 11.54 13.25 57 .40 17.92 22.87 40.79
4 18.67 1.30 4.27 5.57 50.18 713 12.27 19.40
5 1174.11 28.64 83.93 112.58 88.67 4325 168.82 21207
6 121493 3.36 4.63 7.99 | 350.46 30.22 22963 25984
7 [133.35 2.25 22.98 25.23 93.45 2272 12593 148.65
8 428.00 77 .92 14.98 92.90
Qo 282.00 4796 151.20 19916
10 40.98 5.89 5.10 10.99 47.00 15.19 18.42 33.61
11 133.38 0.00 18.48 18.48 | 192.89 0.00 68.95 68.95
12 40.81 19.44 10.97 30.40
1988
| 194.00 1.42 56.58 58.01 13.45 5.47 18.83 24.30
2 1384.20 11.33 49.22 60.55 | 188.30 14.15 64.02 78.17
3 8.04 25.03 41.35 66.38 | 118.60 12.19 47.51 50.69 .
4 10.65 2.60 88.47 ?1.06 | 490.58 8.72 290.48 299.20
5 5775 5.64 21.23 26.88 | 290.25 1521 100.84 116.04
6 (357.00 11.29 34.38 45.66 | 203.28 1.65 53.43 55.09
7 |147.05 16.33 50.76 76.09 |120.13 20.19 113.44 133.43
8 [239.36 16.85 38.33 55.18 [ 529.50 1076 16473 175.49
9 |127.75 13.41 49.80 63.21 116.01 2.25 18984 192.09
10 | 160.60 22.42 50.42 72.84 | 147.19 10.38 11527 12565
11 106.59 23.90 91.61 115.51 45.70 5.99 16.00 21.98
12 137.70 14.65 35.70 50.35 | 319.80 5.05 20.73 25.78




eesli english
Kuu Tallinn Tiirikoja
Month| SO,5  NO;N NH,N sum N SO,S  NON NH,N sum N
1989
1 709.13 17.85 180.83 198.68 | 299.00 3.58 48.84 52.42
2 |115.20 16.52 4.48 21.00 96.36 9.95 41.50 51.46
3 |142.00 7.82 47 .71 55.54 62.10 2.48 28.50 30.97
4 1288.30 18.90 5577 74.67 71.33 ?.33 16.64 25.97
5 40.91 3.66 5.86 .52 32.86 10.54 35.15 45.70
6 [129.44 17.97 24.66 42.62 158.05 14.65 55.46 70.11
7 1220.03 50.18 89.93 140.11 87.47 14.81 28.06 42.88
8 56.30 15.20 31.61 46.81 302.09 17.58 97.30 114.88
Q 75.79 26.13 34.10 60.23 72.0] 15.40 24.83 40.23
10 42.73 8.22 39.88 48,10 10.08 1.49 3.91 5.40
11 47.34 1.19 28.64 29.83 180.00 1.95 10.83 12.78
12 27.20 6.37 35.44 41.81 45.43 8.47 17.82 26.29
1990
1 37.89 23.06 43.51 66.57 | 173.18 15.36 13.11 28.47
2 1108.12 18.19 81.95 100.15 190.09 8.20 77 .63 85.83
3 40.80 6.4 34.76 41.17 | 313.32 6.33 18.39 24.73
4 56.67 6.85 25.35 32.21 29.92 1.66 10.58 12.24
5 75.17 4.74 0.58 533 [116.11 6.47 26.43 32.91
6 5672 0.50 0.40 0.90 | 295.47 1.99 5.72 7.71
7 |151.70 3.61 29.50 33.10 | 175.50 1.09 17.59 18.48
8 [219.99 14.55 9.02 23.58 | 214.29 1.46 22.21 23.66
9 |171.50 9.64 4.36 14.00 | 381.27 1.37  127.51 128.88
10 [101.66 9.69 1.21 10.90 | 184.50 20.59 26.52 47 .11
11 86.48 1.71 13.45 15.16 | 183.01 2.58 14.05 16.63
12 9.21 0.66 0.91 1.58 62.50 0.26 1.06 1.32
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Tabel Vidvli- jo limmastikukoormused (mg/m? kuus) Eesti  Table Loads of sulphur and nirtogen (mg/m? per month) in

EMEP jaamades 1981, 1985, 1987-1990 Estonian EMEP stations 1981, 1985, 1987-1990
Kuu Sarve Lahemaa
Month | SO,-S NO,N NHAN  sum N SO,S  NO/N NHN  sum N
1981
1
2
3
4
5
é
7 88.50
8 62.65
9 31.49
10 |138.21
11 148.10
12 {106.64 19.62 19.62
1985
| 81.37 91.67 87.04 178.71 38.50 12.52 12.52
2 27.50 2.82 2.82
3 41.55 21.44 21.44
4 56.90 36.30 36.30
5 34.65 24.49 24.49
6 38.90 0.37 0.37
7 19.47 15.76 15.76
8 63.05 21.83 57.72 79.54 80.77 30.38 30.38
9 66.04 47 .80 44.32 92.11 38.14 14.67 18.58 33.25
10 22.59 10.54 11.55 22.09 16.69 24.06 10.80 34.86
11 54.51 40.71 28.98 69.69 39.20 15.20 15.20
12 57.33 52.29 60.48 11277 32.56 31.10 31.10
1987
1 40.43 31.16 23.52 54.68 18.91 9.12 7.58 16.70
2 58.34 40.02 35.16 7517 20.99 12.38 9543 107.81
3 42.86 36.80 2510 61.90 40.80 10.12 33.77 43.89
4 4.78 0.97 0.32 1.30
5 117.74 76.85 81.08 157.92 96.85 48.10 7670 124.80
6 40.82 18.41 39.06 57 .47 43.00 11.61 9.89 21.50
7 45.03 2.40 0.96 3.35
8 47 .07 10.15 14.77 24.92 95.46 3.87 3.87 7.74
Q 45.41 13.06 10.57 23.64 33.26 6.47 092 7.39
10 45.37 18.92 5.24 24.17 3.65 3.47 2.02 5.48
11 73.93 58.61 39.96 98.57 45.73 20.40 13.49 33.89
12
1988
1 19.20 16.10 4.40 20.50 7.50 4.50 2.50 7.00
2 46.40 48.70 26.60 75.30 12.80 270 0.40 3.10
3 52.10 21.90 27.70 49.60 56.90 26.60 13.10 39.70
4 47 .90 29.10 24.80 53.90 13.80 6.50 2.40 8.90
5 37.00 20.20 10.80 31.00 38.70 15.80 26.40 42.20
o) 56.80 1.10 27 .30 28.40 11.10 1.10 0.50 1.60
7 (27650 121.80 263.20 38500 | 116.90 15.90 13.40 29.30
8 63.10 14.90 11.60 26.50 {102.50 12.50 31.90 44.40
Q 27.60 33.00 23.50 56.50 29.10 .00 11.90 20.90
10. 50.70 25.30 13.50 38.80 24.30 17.60 12.60 30.20
11 30.20 20.60 12.60 33.20 19.60 8.30 14.20 22.50
12 38.20 34.10 14.90 49.00 18.20 11.00 2.00 13.00




eesti

english

Kuu Sarve Lahemaa
Month | SO,S NO,-N NHN  sum N SOS  NOSN NHN  sum N
1989
1 43.10 61.20 24.00 85.20 5.40 9.30 5.10 14.40
2 80.80 84.60 38.40 123.00 20.30 24.40 11.00 35.40
3 |131.10 27.10 0.00 27.10 34.70 20.70 12.20 32.90
4 92.10 47.10 44.10 91.20 57.60 13.50 11.60 25.10
5 93.50 68.90 7220 141.10 39.00 11.90 4.30 18.20
6 47.20 11.00 16.00 27.00 55.60 10.10 11.10 21.20
7 1189.40 36.00 7.80 43.80 67.00 7.90 2.90 10.80
8 39.10 34.10 36.90 71.00 | 142.50 32.50 36.60 69.10
9 44.40 10.10 4.30 14.40 49.20 12.10 8.50 20.60
10 29.20 28.00 10.20 38.20 34.70 20.10 99.30 119.40
11 13.00 9.20 5.40 14.60 | 193.40 16.60 9930 115.90
12 |356.90 327.90 98.70  426.60 29.60 16.90 6.30 23.20
1990
1 |198.87 22728 113.64 340.92 35.10 11.70 5.85 17.55
2 47.76 31.84 15.92 47.76
3 [163.17 101.43 119.07 220.50 22.20 17.76 13.32 31.08
4 21.28 7.98 13.30 21.28
5 47.77 28.10 30.91 59.01 37.20 14.88 14.88 29.76
1) 56.50 16.95 5.65 22.60 35.50 7.10 3.55 10.65
7 90.06 15.01 15.01 30.02 29.64 7.41 12.35 19.76
8 |172.38 177.45 81.12 258.57 32.88 411 411
9 42.60 8.52 8.52 23.94 5.13 1.71 46.84
10 39.52 9.88 9.88
1 97.12 48.56 12.14 40.70 25.10 10.04 10.04
12 95.48 43.40 8.68 52.08 17.50 12.25 3.50 15.75
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SO, =S koormused 1981, 1985, 1987-1990.a.
mg/m? SO, =S load in 1981, 1985, 1987-1990

1400 m—— Shvi [
1200 Tallinn H
1000
800 |
600 1 %
400 o ‘ A 122 A
| AV | LV
200 % &6 & Fols A b B

e
O llllllllllllllllllllllITllllTkl_l'IIIIIlll rrrrrrrirrrrrerrrerieed

1981 1985 1987 1988 1989
mg/m2

1990

1400

1200

e Tiirikoja

wemes ] oomd

1000

800

600 (

400

SIS Y

8
5 ‘}\< :
RN

esé{"; ‘v B,

2004 «\

5 %
2 SNy Y,

3 ; '} g 50
O 4 e T T T R T e T e T T T T

1981 1985 1987 1988 1989

mg/m2
1400

1200

1000

800

600

o v A A
"o T Vrn| - AU AT

0

1981 1985 1987 1988 1989

LI I T e |EUIFUR i & I IR T o i i LB

1

1990



eesti

english

Sérve jaama SO,-S koormused 1988.a.

g Sérve station SO, =S load in 1988
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(NO,+NH,)-N koormused 1981, 1985, 1987-1990.a.

ng/n? (NO,+NH,J-N load in 1981, 1985, 1987-1990
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mg/m?2
450

EMEP Lahemaa Sum N koormused
EMEP Lahemaa station Sum N load
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EMEP jaamade SO;~S koormused 1988.a.
mg/m? EMEP station SO,-S load in 1988

1 Sérve

sy Lahemaa

Kuu Month

EMEP jaamade sum N koormused 1988.a.

mg/m? EMEP station sum N load in 1988
450

400

350

—— Sérve

s Lahemaa




eesti

Ca koormused 1988.a.

mg/m?2 Ca load in 1988
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Sum S margsadenemine 1988.a.
Sum S wet deposition in 1988
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Sademed 1988.a.

mm Precipitation in 1988
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