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As is generally known, the ever growing oil shale production and pro-
cessing results in substantial environmental pollution [1—3], phenol
being the major polluting component in the regions, where oil shale
processing plants are concentrated. Pollution by dust particles derived
from oil shale, enclosing rocks and volatile ash as well as by various
hydrocarbons, hydrogen sulphide, sulphur oxides, carbon and nitrogen,
ammonia and other toxic compounds also takes place.

The effect of oil shale production and processing on the concentration
of heavy metals in environment has been inadequatly studied so far [4].
As for NE Estonia, which is the region of intensive development of oil
shale industry with its centre in Kohtla-Jéarve, only suggestions have
been made on this occasion [1, 2], though data on the heavy metal contents
in kukersite processing products are available (Table 1). Lead and cad-
mium contents in the blood and hair of inhabitants of the region differ
significantly from their background values [7].

Table 1. Heavy metal contents (g/t) in wastes of kukersite production

and processing in Estonia according to L. Pets et al. [5, 6]

Tabauua 1. KoaneATpanmusa TAMKeAbIX MeTaJJaoB (r/T) B orXomax
CIaHIEeNO0BBAKIIEH U CIaHNIenepepadaThIBalONedl MPOMBIIIJIEHHOCTH B OCTOHHHA
(npus. mo JI. K. Ilex u ap. [5, 6])

Study material 1st class of hazard 2nd class of hazard
Pb Zn Hg Cu Ni Co Sb
Kukersite 23.5 48.7 0.08 17.0 21.0 2.9 0.47
Slag 13.0 81.5 data are 245 200 41 0.41
Ash from steam
heaters 39.5 72.0 lacking 23.0 30.0 4.8 0.47
Ash from cyclones 56.5 61.0 0.01 23.0 28.5 4.9 0.48
Ash from electric
precipitators:
42.0 70.7 0.02 13.0 35.0 5.2 0.62
II 97.5 116.0 0.05 19.0 38.0 5.8 1.31
111 1135 . 1353 0.01 16.0 38.0 6.1 1.42
v 121.6 140.3 0.21 180 41.0 6.3 1.76
Ash from

chimneys 163.5 183.6 0.68 33.0 53.0 6.4 1.63
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Scheme of the territory under study demonstrating the sites with
the most polluted soils. Legend: I — regions of the town of Kohtla-
Jiarve; 2 — settlements; 3 — Leningrad-Tallinn highway; 4 —
site numbers

CxeMa W3y4YEeHHOM TEPPUTOPUM C YKa3aHMEM TOYeK C HaHMOOJBIINM
3arpABHEHHEM IO0YB. Y CJIOBHbIe 00osHaueHusn: I — pationsl r. Koxria-
fIpee; 2 — mocenku; 3 — mIocce Jlenunrpag—TannuaH; 4 — HOMepa

TO4YEK

The present investigation attempts to solve problems related with the
heavy metals input sources and their distribution in the components of
environment in the Estonia’s oil-shale mining and processing area. The
investigation was carried out at Kohtla-Jarve and in the adjacent ter-
ritory. The area of 110 sq. km under study, represents a core of urbanic
agglomeration with a territory adjacent in the north, bounded by the
Gulf of Finland (Figure). Isolated parts of the Kohtla-Jarve agglomera-
tion, i.e. Kohtla-Jarve proper (Sotsgorod), Kukruse and Kava, are
situated in the southern part of the territory under study. Technogenic
landscapes with waste heaps of the Slantsekhim Production Association
and Kohtla-Jarve Thermoelectric Power Plant, former Kukruse and
Kdva mines, and agricultural lands occupy most of the territory. The
sampling was carried out at 60 sites, situated, as a rule, in a standard
network 2 X 2 km, with detailization of some areas.

The territory of Lahemaa National Park (Estonia) and the area around
Dolgoye Lake (south-east of Leningrad District) were used as background
territories where the level of pollution was at its lowest for the given
region.

About 450 samples of various components in the environment of
Kohtla-Jarve and the background territories were investigated.

The subdivision of heavy metals according to classes of hazard was
performed according to the generally accepted All-Union State Standard
17.4.1.02-83 [8].

During the investigation, precision methods of heavy metal contents
determination were used: X-ray spectral method [9] for Pb, and atomic
absorption spectrophotometry (AAS) for Hg (in cold vapours), Zn (in
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flame), Cu, Ni, Co, Cd and Sb (in tubular graphite sprayer) [10, 11].
Semiquantitative spectral analysis (SQSA) [12] predominated at preli-
minary stages of the investigation and for routine study of samples of
plants and fungi. The results obtained were processed on ES-1033 com-
puter.

Wastes of oil shale producing and processing plants, situated both
in the area under study (Slantsekhim Production Association, Kohtla-
Jarve Thermoelectric Power Plant) and in its vicinity (October open-pit,
Estonia and Ahtme mines) were analysed as potential sources of environ-
mental pollution by heavy metals. The results obtained are given in
Table 2 (in all cases, Cd contents were below detection limit, 1 g/t).

The concentrations of heavy metals in the wastes of oil shale production
industry, are, for the most part rather low, as is seen from Table 2 and
previously obtained results. So, in all cases Cd, Hg, Ni and Co contents
were lower than the clarke of lithosphere, Pb and Cu contents were
higher only in one case out of three (enrichment factor 1.5—1.7). Never-
theless, Zn and Sb contents in oil shale production wastes exceeded the
clarke (enrichment factors 1.8—2.2 and 9.4—24.8, respectively). These
data demonstrate that in oil shale production wastes Sb and, to a lesser
extent Zn create a major source of environmental pollution.

The study of oil shale-processing wastes composition (Table 2) showed
that Pb and Hg (enrichment factor up to 3.4 and 7.2, respectively), but
also Sb (enrichment factor up to 15.6) may cause considerable ecological
damage. Earlier investigations of the kind, carried out by D. Yego-
rov [4] and L. Pets with co-authors [5, 6], demonstrated that kukersite

Table 2. Heavy metal contents (g/t) and their enrichment factor in wastes

of oil-shale industry plants at Kohtla-Jirve* (on a few samples)

Ta6auya 2. Comepskanue TAMKENBIX METAJIOB (I'/T — B YHCIAHTeNe) H HX
K03(pHuHeHTs KOHUEHTpauuu (B 3HAMeHaTeJe) B OTXONAX INpeNNpHATHH
CJIaHIIEBOM NPOMBILLIEHHOCTH paioHa r. Koxtiaa-fipee (o exmHUYHBIM 00pa3mam)

Industrial Kind of waste 1st class of hazard 2nd class of hazard
plants
Pb Zn Hg Cu Ni Co Sb
Oil-shale production )
October open-pit Concentrated 9 153 0,015" 7 22 4 47
BOPC TS 50T 08 (1902 brall: 0.4, 0 02 " 94
Estonia mine Idem 11 180 0.068 70 38 6 not
TOE ) T b AT BT ber i Ea o deter
0.7 2.2 0.8 1.5450.7 0.3
Ahtme mine Idem 27 160 0.037 10 36 5 12,4
171 1.9 0.5 0.2 0.6 0.3 24.8
Oil shale processing
“Slantsekhim”  Coke of 45 50 0.12 30 44 3 3.52
Production furnace S = =R S —= T
Aagbaintion 2.8 0.6 1.5 0.6 0.8 0.2 7.0
Idem Ash of the 3rd 23 60 0.60 10 40 3 7.81
gasgeneration — T T, B il D it s T
Saiton 1.4 0.7 7.2 0.2 0.7 0.2 15.6
Kohtla-Jarve Ash-slag mix- 54 60 — 40 44 5 2.34
Thermoelectric  ture from T = o == e —
Power Plant Reley-Stoker B %L 0.9 0.8 0.3 4.7
boilers

* Numerator is element content according to data of precision methods

minator is enrichment factor in

respect to lithosphere clarkes [13].

of analysis; deno-
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combustion products can also be a source of environmental pollution
by Zn, Ni, Co and V.

The accumulation of heavy metals was studied in soil (the humus
horizon), forest litter, 30 species of terrestrial higher plants and also in
fruiting bodies of pileate fungi. Average contents of heavy metals in these
environmental components are given in Table 3. Cd and Sb contents
were as a rule below the limit of detection of these elements by SQSA
method. According to AAS data, an average Hg content in soil was
0.08 g/t, Cd content in soil was less than 1 g/t and in litter 4 g/t, Sb
content in soil was 1.5 g/t and in litter 3.7 g/t.

The degree of pollution of environmental components by heavy metals
in the territory under study was determined by comparing the data
presented in Table 3 with those for background areas, and in case of
soils, also with their clarkes [from 15, 16].

Table 3. Average heavy metal contents* (g/t, for ash mass) in environmental
components at Kohtla-Jiarve and its vicinity

Ta6auua 3. CpenHee comepikaHme TAMKENBIX METAJJIOB (r/T, HA 30JbHYI Maccy)
B KOMIIOHEHTAX OKPYXKAaIOlIed cpeabl H3yYeHHOH TEPPHTOPHH paioHA

r. Koxtaa-fipBe (maHHBIe MOJYyKOJHYECTBEHHOrO aHAJM3a)

Environmental Num- 1st class of 2nd class of hazard Total
components ber of hazard

samp-

les Pb Zn Cu Ni Co 1st 2nd

class class

Soil (the humus horizon) 47 40 40 40 26 6 80 72
Forest litter 14 60 140 35 21 6 200 62
Terrestrial higher plants 358 10 40 15 6 4 50 25
Fruiting bodies
of pileate fungi 51 7 170 190 3 <3 177 195

* Semiquantitative spectral analysis data.

The average enrichment factors of heavy metals in the Kohtla-Jarve
District were as follows: for soils — Co 5.0, Pb 4.7, Ni 2.9, Zn 1.3 (Cu con-
centrations were almost equal to those for the study area and the back-
ground territory); for plants — Pb and Zn 1.8, Co 1.7 (Ni concentration
were approximately equal). The average enrichment factor values of
heavy metals in the soils of Kohtla-Jarve (with respect to corresponding
clarkes) were as follows: Hg 8.0, Pb 3.0, Sb 1.5; average contents of other
heavy metals were lower than clarkes (enrichment factor below 1).

Judging by these data, it can be concluded that environmental com-
ponents in Kohtla-Jadrve are mainly polluted by Hg, Pb and Sb. The pol-
lution by Zn, Ni, Co and Cu is more problematic, as the concentrations
of the first three elements in soils of the territory under study are higher
than their corresponding background values, but lower than those of
clarkes; differences in the Cu content were mainly established in plants.

Environmental pollution of the territory under study by Hg, Pb and
Sb is primarily due to oil shale processing plants.

The distribution of heavy metals was compared in different environ-
mental components of the territory under study.

The concentration of Pb and Zn, heavy metals of the first class of
hazard, proved higher in forest litter than in soils (Table 3); the contents
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of heavy metals of the second class of hazard (and their sums) were
approximately equal in both components. According to AAS data (see
above), Cd and Sb contents are also higher in the forest litter than in
soil. All heavy metal contents are lower in the ash of the terrestrial plants
than in soil and forest litter (excluding Zn, whose content in ash is similar
to that in soil). Pb, Ni and Co concentrations are low in pileate fungi,
whereas those of Zn and Cu are high.

Thus, in the area under consideration heavy metals accumulate pri-
marily in the humus horizon of soils and in forest litter. Fruiting bodies
of pileate fungi are active accumulators of Zn and Cu, but due to low
biomass, they, accumulate only insignificant part of toxic elements
distributed in the environment.

Heavy metal concentration in plants is not high on average, and it
depends both on plant species and heavy metal contents in the environ-
ment. But it should be noted that heavy metal contents in the plants
aren’t only indicative of the environmental pollution level but serve
also as a criterion of the part of technogenic pollution that enters the
biogeochemical cycle and is therefore most dangerous for inhabitants’
health. In view of this, phytogeochemical method of indication is very
important for investigation of environmental pollution with heavy
metals [17—19].

Table 4. Heavy metal contents* in samples of the most polluted soils at Kohtla-
Jédrve and its vicinity in comparison with their average contents and maximum
permissible concentration (MPC) of soils

Tabauya 4. CopepiaHue TAMKeJbIX METAJJIOB B Npob6ax HamboJee 3arpA3HEHHEBIX
mouB parona r. Koxria-SipBe B comocTaBjeHHH CO CPEJHMMH HX CONEPKAHHAMH
u IIIK mous

Lo- Position Sample A% 1st class of hazard 2nd class of hazard
cali- No. % =
ty No.*#* Pb Zn Cd Cu Ni Co Shb
3 2km east of
Kolga K-21g 26 38 29 <0,8 7 11 26 0,7
13 1.5 km west
of Kohtla K-187g 86 116 52 0,9 60 32 53 Not
. deter-
mined
17 Near Valaste K-241g 82 197 353 2 21 34 7 1,6
34 3 km north
of Kohtla K-651g 82 92 131 Not 44 43 7 Not
deter- deter-
mined mined
36 Near Ontika K-618g 82 18 213 Idem 189 24 7 Idem
39 1 km north
of Peery K-592g 92 24 71 2 222 18 6 p

44 1.5 km north-
west of Koti-

nuka K-546g 82 203 197 e 14 19 2 o
46 2.5 km south-

west of Saka K-640g 96 1% g | 5 144 28 6 is

Average con-

tent in soils 82 49 114 <zl 35 26 8 1,5

MPC of soils — 20—400 50—4003—8 35—12545—10025—50 5—10

* According to data of precision methods of analysis per dry matter.
*#% See the Figure.
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Maximum permissible concentrations (MPC) of toxic elements in soil
are an important index of environmental situation. MPC values, which
are very different in literature [16, 20, 21], are given in Table 4 in com-
parison with average and maximum heavy metal contents in soils of
the given territory. Judging by these data, even average contents of
Pb (49 g/t), and Zn (114 g/t) in soils are higher than minimum MPC
values of these elements (20 and 50 g/t, respectively), but their contents
in the most polluted soils do not exceed maximum MPC values (400 g/t
in both cases). Average Cu content in soils of the territory (35 g/t)
coincides with minimum MPC values; its content in the most polluted
soils (144—222 g/t) even exceeds maximum MPC value. In all cases
the contents of other heavy metals given in Table 4 (Cd, Ni, Co and Sb)
and Hg in soil are lower than minimum MPC values (except for Co
at the sites 3 and 13).

Distribution of localities with the largest pollution of soil with heavy
metals (Table 4; see Figure) cannot be explained unambiguously yet.
According to available material, the most polluted soils are situated
at some distance from sources of pollution (oil shale processing plants),
but not in their vicinity. It is apparently connected with considerable
scattering of o0il shale processing wastes, volatile ash in particular.
Considerable soil pollution by Pb, Zn and Cu at site 44 can be caused by
close disposition of town dump of Johvi.

Thus, on the basis of these investigations, it can be concluded that
intensive development of oil shale industry at Kohtla-Jadrve and in its
vicinity results in environmental pollution of the adjacent territory not
only by organic compounds (as was previously known) but also by some
heavy metals, namely by Hg, Pb and Sb and to a lesser degree by Zn
and Cu. ;

Accumulation of Pb and Zn takes mainly place in the humus horizon
of soils and in forest litter. Selective accumulation of heavy metals takes
place in biota (higher plants and pileate fungi).

PE3IOME

VzydyeH paliOH ¢ MHTEHCUBHEIM Da3BUTHEM CJAHIEBOW IPOMBIIIJIEHHOCTH — YacTh
r. Koxtna-fpse u nmpuieramomas TeppuTopus (PUCYHOK). B KauecTBe IMOTEHI[HA JIb-
HBIX UCTOYHUKOB 3aTrPSA3HEHUA TAMXKEJIBIMH MEeTAJIJIaMH OBIIA MCCJIE JOBAHBI OTXOMIEI
clIaHIenoOBIBAIONIEl M ciaHIenepepadaTHIBAIONIEH IPOMEINIJIIEHHOCTH, 4 B Kade-
CTBE CpeJi, NeIOHMPYIOIIMX 3TO 3arpsa3HeHue, — IIOYBHl (TyMYCOBBIA T'OPHU3OHT),
JecHad mojcTuaKa, 30 BHAOB HAB3EMHBIX BEICIIMX PACTeHUM U ILJIOLOBEIE Teja
IIJIATOYHBIX I'PUOGOB (Tabaumer 1—4).

CrenaH BBIBOZ, YTO HHTEHCHBHOE PA3BUTHE CJIAHIEBOH IIPOMBIIIJEHHOCTH Ha
M3Yy4YEeHHOH TEepPUTOPHU IPHUBOAUT K 3arpA3HEHUIO OKPYIKAIOIIEeH Cpeabl TsMKe-
JBIMH MeTaJIaMHM, B IIePBYIO0 OYyepeAb PTYThIO, CBUHIIOM M CYpPBEMOWM, B MeHbIIEM
CTelNeH! IUHKOM U Mexbio. MacmTabsl 5TOro 3arpsA3HEHHUS IO CDABHEHHUIO C 3arps3-
HEHUEeM B palioHaX COCPeJOTOYEHHS KPYIHBIX NPEANDPHUATHA METAJJIyPrUU OTHO-
CHUTEJIBHO HEBEJIHUKH.

Pacnpenesilenrue To4ek ¢ HAMGOJBIINM 3arpSI3HEHUEM IIOYBBI TAMKEJIBIMU METAJI-
JaMU He IOoJJaeTcss OJHO3HAYHOMY OOBACHEHUIO. XapaKTepHO, OAHAKO, 4YTO
Haubosiee 3arps3HEHHBIE IIOYBHI PACIIOJIOKEHBI HE B HEIOCDPEICTBEHHOH 6JIM30CTHU
OT IpeAIPUATHH claHIenepepabaThiBalOllell MPOMBIIIJIEHHOCTH, & HA HEKOTOPOM
yAaJIleHHH OT HHUX. JTO, IO-BUJHUMOMY, CB3AHO CO 3HAYUTEIHHBIM DA3HOCOM JIETY-
4yeil 30JIBL
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HakonjieHWe CBHHIA ¥ IMHKA IIPOMCXOAMUT IJaBHBIM 00pasoM B TI'yMYCOBOM

TOPHU30HTE IIOYB H JIECHOM ITOJCTHUJIIKE. Buora — BrICHIHE pacTeHud U I‘plflﬁbl =
HaAKAaIlJIUBAIOT TAXeJible MeTaJlJIbl naana'reano.
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