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3ATPA3HEHHUE T'H/IPOC®EPBHI IIPH BBIMEJAYHBAHHHU
JHAKTHOHEMOBBIX APTHJ/IJINTOB B OTBAJIAX
MAAPJIYCKHX ®OCPOPUTHBIX KAPBEPOB

B. NAUMOV
POLLUTION OF HYDROSPHERE BY LEACHING OF DICTYONEMA
SHALE IN WASTE DUMPS OF THE MAARDU OPENPITS

Deronckue dochopuTHHEe MecTOpoXKIeHUA, BXoaamue B IIpubanruitckuit
cnaunne-¢ochopuTHRIM GacceilH, pacnoJIoKeHHl BHOJL Gepera PHHCKOro
saguBa oT TannuHHa Ha 3amafe Jo Hapewl Ha BocToKe. IIpocTpaHCTBEHHO
M TeHETHMYECKH MECTOPOXKJAEHHUA TECHO CBA3AHBI MeXAy coboii., Ha 3nauu-
TeJbHOU TeppuTOopuM Haf docdopuUTaMu 3aJ1€TaioT JUKTHOHEMOBEIE apruJ-
JHMTHl MJIM ropiouxe CJHAHIEI-KYKepcHUTHl. [[Ba MecTopoxkieHusa Gacceiina,
Maapayckoe ¥ KuHrucenInckoe, 3KCIJIyaTUPYIOTCA ceifyac OTKPHITBIM CIIO-
co6oM. Bo BHyTpeHHMX OTBAJIaX [EPBOTO HU3 HUX, PACIIOJOMKEHHOTO 6,43
TannuuHa, paaMeiiieHo Gosee 85 MaH. M° ropHEIX mopoJ, 13 Hux 24,1 MiIH. m°
TPaNTOJUTOBBIX KEPOTEHCOAEepiKAIOUX apPrUujJIMTOB — TJIMHHCTBIX AMKTHO-
HEMOBHIX <cJjaHueB» (majee mo Tekcry IC), oGoramieHHEIX cyabduiamMu
(IMpHUT, MApPKa3UT, TraJIeHUT), TUTAHOM, MOJMGIEeHOM, BaHaAHeM, ypPaHOM
M IpYTMMHK 3JIEMEHTAMH M CIOCOGHBIX K ayTOreHHOMY CAMOHArpeBaHHIO
u Boaropaxmio [1, 2].

U3 JIC, a Takake M3 OCTAJBLHEIX IIOPOJ, BCKPHIMIY B 30HE TEXHOT€HHOIo
runepresesa, B orpaGoTraHHoOM IIpocTpaHcTBe MaapAyCKHX KapbepoB
B KapbepHEIe BOJKl MHTEHCHBHO BHIIEIAYMBAIOTCH XHMHYECKHe 3JIEMEHTH
M coeJUHeHUsA., DBuiBeTpHBaHMe, caAMOHATPeBaHHEe M HMMeBIINE MECTO
B 70-X rr. MHOTOYMCJIEHHBIe cjay4yau camoBodropanuda [IC B oTBajlaX B pe-
ayabTate gecTpykuuu JIC crocobeTByioT Bce 60Jee MHTEHCHBHOMY 3arpsa-
HEeHHIO OKpyJKaionlei cpeAbl: JHTOChEph], B YACTHOCTH OTBAJIbHOH Macchl
M FOpHBEIX NOPOJ B MX ecTeCTBEHHOM 3aJieraHuH, U rugpocdepn [1—7].

Ta6auya 1. JInTosormveckHit CocTaR 0TBAIbEON Macch MaapAycKEX Kapeepos, %
Table 1. Lithological composition of rocks in the waste dumps of the Maardu
openpits, %

Buj ropHHX NOPOA M PHIXJIEIX OTJIOMEHUI CepepHbiit  IOmHmIN
Kapnep Kapsep
YersepTHYHLIE OTJIOMEHHA 3,2 8,2
Krapuesnlit mecuaHMK 21,0 17,5
IIupuT ¥ NHPUTHINPOBAHHEIN MECUaHMK 2,0 1,0
TnaykoHMTOBRI# NMECYUAHHK 13,7 10,3
HapecTHAK 31,6 25,8

T'pantosuroBuiit aprunymr (JIC) 28,4 37,2
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T'uneprennasa gecrpykuusa IC sakigiouyaeTcA B PacCIIO€HHH KYCKOB HA
nJacTHHB TojuuHOoit Ao 0,5—3,0 MM M MX pa3pylUIeHHH, B YBEJNYEHHH
NMOPUCTOCTY M YMEHBIIEHUM TEeIJIOTBOPHON CIOCOGHOCTH IIPH OKHMCJIEHHH
OpraHMYecKOro BemiecTBa M nupura. PakToOpaMH, PE3KO YCKOPAIOUIMMH
MHTEHCHBHOCTE paccjoeHns kKyckoB JIC, siBasTcA Bjara, KHCJODOJ BO3-
Ayxa H ayToreHHoe temio. IIpy noJsioKuUTEIbHOM TemJjoBoMm OasaHce M
camoHarpesaHun JIC ropiouas mMacca (OpraHUYecKoe BeIleCTBO M IIMPHT)
BBITOpAET B IIMPOKOM HMHTepBaJie Temneparyp — ot 150 go 850 °C. Iloa-
Hoe yJajeHue GHU3MYecKOil Biaru nmpoucxogut npu 110—130 °C.

B ecrecTBeHHEIX ycaoBuax okucaeHue [IC B oTBasax uMeeT 3JEKTPO- U
6uoXMMHUYecKHii, a npu TemnepaType Bimimre 110—130 °C — umcTO XHUMH-
YeCKMil Xapakrep. JJIeKTPo- U GHOXMMHMYeCKHil (AKTOPHI CHHZKAIOT TEM-
nepaTyPHBEII NOpor HayaJja peaKUMH OKHCJIEHMA cephl U kejyesa [8].
B npunoBepxHOCTHOM cJIoe OTBAaJIOB OKHcJeHMEe HaubGoJiee akTuBHOe [1,
5, 7, 8]

JIMTOJIOrHUYECKHI COCTAB OTBAJIOB HEOAHOPOAEH, KAK M PpaclpejesieHHue
IOPOJ B OTBAJIaX KAPBLEPOB, UTO OIPEAesIieTCA MX TOPHO-TeOJOTHYECKUMU
M TeXHOJIOTHYeCKHMH ocobeHHocTAMHU (Tabu. 1).

B nesioM XuMuvecKHii COCTAB OTBaJbHOMH MacChl XapaKTepu3yeTcs HaJHU-
yueM (IIPUBOJMUTCA cCpelHee cOAep:KaHUe B IlepecueTe HA OKCHABI, %)
coeguHeHuit KpemuuAa (48,72), kamsuua (11,52), maruma (3,01), kaausa
(3,7), marpua (1,45), amomumma (7,24), xenesa (Fe:03; 2,91, FeO -2,22),
TuraHa (0,38), mapranua (0,06), cepur (SO; 0,29) u ¢docdopa (0,59). Ilpu-
cyTeTrByloT Takxke (%) nupur (1,65) u opraunueckoe BemecTBo (5,13) [1, 9],
yriaepo, ¢TOop, peiKo3deMesbHBle, PAJHOAKTHUBHBIE H TsXKeJkle MeTaJ-
aul [1, 3).

Kak Bugso u3s ta6n. 2, [IC — raaBHBIi, HO He eAUHCTBEHHEIII HCTOYHHK
TMOCTYIIJIEGHUA B Te0JIOTHYECKYIO Cpeidy XHMMHYEeCKMX 3arpA3HHUTelNeil H3
nopoxa BCkpwM Maapayckoro MectopoxkieHus. IIpu aTom HaubGosee
NIpeApAcloioAKeH K BHIMEJAYMBAHUIO APTUJIJIAT, ITOABEPTUIHIICA BBEICOKO-
TeMNepaTypHOil JecTpyKuUuM mpHu Temueparype 400—600 °C.

B 3KcnepuMeHTe HaBecKy mnopoinl (bpakiusa —5 MM) BEAEDIKHBAIHU
B JHCTUJIIMPOBAaHHOL BoJe npu temnepaType 22—24 °C B Teuenne 24—27 y,
3aTeM cMecCh HATPeBaJIM Ha BOLAHOH 6aHe B TeueHue 3 4 U nociie 54-yaco-
BOil BBIIEPIKKH TMOJBEprajii BOLY XHMHYecKOoMY aHaau3y. OTHOIIeHHe
Macchl BOogbl M Macchl HaBeckd nopogul (50 r) 3,2 : 1. XapakTepHo, 4TO
norJeXOBaTeIbHANA YeTHIpEXKpaTHAad BoZHAs BhITaxkKa (12,8 :'1) B cayuae
ucxoguoro JIC NpUBOAUT K Pe3KOMY CHHXKEHMIO BBIXOJa HOHOB B PACTBOD,
rorga kak B cayuae JIC u3 ouaroB c¢ remmepaTrypoit 240—260 °C Bmixof
MOHOB B PAacTBOD CHHMXKaeTcs MaJjo. ITO TaKKe YyKaswBaeT Ha To, uro JIC,
NMoJABepriuuiics BHICOKOTEMIIEpPATYDHOM JecTpyKiuM, H3-3a 6ojee BEICO-
KO CKODOCTH Ilepexola XHMHYeCKHX COeAMHEHHIl B pacTBop G6oJiee oma-
CeH, YeM «XOJIOLHBII» ciauer [8, 9).

KaprepHbie Bognl GOpMHDPYIOTCA 3a CYeT ATMOCQEpPHHIX OCAAKOB, KOTO-
phle HHOUIBTPYIOTCA UYepe3d TOJILLY OTBAJIOB M CTEKAlOT BO BHYTPHMKAaphep-
HBIE€ BOJOCOOpHEIE KAHABEHI, 3a CYET IIOA3eMHEIX BOJ HEHAIIOPHOTO H HaIOp-
HOT'O TOPHM30HTOB, pa3fejleHHHIX Bojoynopom — mjacrom JIC, a Takxke
3a CYET CTEKAIIUX B KaPhEP ITOBEDXHOCTHHIX BOJ BOLOCGOPHOM miomanu
U OCAZKOB, KOTODPhle BRINAJAIOT B IIpejesiaX BHYTPeHHMX TpaHuei. Insa
KapbepHEIX CTOYHEIX BOJ, XapaKTepDHA BBICOKAA KECTKOCTb (OT 21 Mr-axs/J
B IOxkxHOM Kaphepe g0 86 Mr-akB/J B CeBepHoM — gauunie 1987 r.) u MuHe-
pamusanusa (1,4—7,3 r/a). Hdonsa cynbdar-HOHOB HOBOJBHO cTabuMJbHA
(0,4—0,6 Ha cyxoiif octaToK). 3TH BOJABI, YACTE KOTOPHIX uepe3 3abporireH-
Hble IITOJIEHH NonajaeT B oTpaboTaHHOe NMOoA3eMHBIM crnocobom (zo 1964 r.)
IIaXTHOE II0JIe, BJIMAIOT HA XMMHYECKHHA COCTAB BOJ, BEITEKAIOIIUX M3
MOA3eMHEIX BEIpa60TOK, MOBHIIAA UX MUHepaausauuio go 4—5 r/a. C apy-



Ta6auya 2. XapakKTepHCTHEA BOAHON BLITAREEE H3 BCKPHINHLIX HOpox Maapayckoro MecTopomaeHEA

Table 2. Characteristics of water leached from the overburden in the Maardu deposit

Topraa mopoza R*, pH Cyxoif ocra- KonneHTpanusa MOHOB, Mr/J
TBOPA  TOK, /N
KOmM /cm pacTeop / S0Z—, Ca?t Mq2+ K+ Na+
n X 10°
OC wucxoganli 2,6 4,5—4,0 6,0 3,8 — _ _
OC m3 ouara Boaropa-
Hua ¢ t, °C:
30—40 24 4,5—2,7 6,4 4,0 608 E
240 1,6 5,0—4,0 7,0 4.5 —_ -
400—600 1,2 o 3,0 10,2 6,3 428 8b7 - -
T nay KOHHUTOBBIH
necuaHMK 1,3 8,0—7,3 0,5 0,1 83 26 zz 9
KpapueBhlli mecIamuKk 9,9 7,0—17,2 0,94 0,54 232 10,8 1L 8,7
Hapecraax 15,4 7,3—17,0 0,39 0,14 107 16,5 9,2 4,0
* DjeKTpUYECKOe CONPOTHBJIEHHE pacTBopa (AumameTp crosba BoAhl B CTEKJIAHHON sAdelike 6 MM).
Ta6auya 3. XuMAdeCKHii COCTAB KAPLEPHMX, MAXTHHX H CTOMHBIX Box IO «3crordocdopur»
Table 3. Chemical composition of the openpit, mine and waste waters supplied by the Estonian
Phosphorite Association
O6BeKxT Konuge- Cyxoi pH KoHneHnTpamus monOB, Mr/xa
cTBO 0CTATOK, P > P
npob*® r/n SOy CaZt Mg + Nat K* Cl—
n X 10°
Kapsep:
IloeepxHOCTHEL! CTOK
B Kapsep 5 0,7 7,4 0,165 162 24 8 10,5 39,7
BHyTpennue kaHaBHI 5 14—-7,7 6,6—9,2 07—4,4 251432 91—1051 — - 17—567
Poxnuk u3 oTBaja 5 7.5 7,7 4,6 512 876 26,5 135,5 55,7
IogaeManie Brpa6oTkH:
Maapay 3 4,5 7,6 2,5 225 57,6 40 20,6 32,6
¥Onsrase 1 0,44 8,3 0,2 75 30,6 6,3 2,8 25,6
CeB. xapnep, rnas-
Has HACOCHASA 12 7.3 7,6 4,0, 460 769 —_— —_ 50,9
IOxH. Kapbep, raas-
HAA HACOCH&N 12 1,4 7,6 0,6 267 94,8 — — 28,8
O6muit cTox ropao-obora-
THTEJBHOTO M XMMUYe-
CKOIO IPOH3BOACTBA
B PHHCKHA 3a7THB 12 2,5 7,7 1,14 260 191 — — 20,6

* AnaJTH3H TpoBefeHH B saGopaTopmax IIO «3croureonorusas u I10 «3croHdochopHUTSs.
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Ta6auya 4. Bananc KaApLePHEIX BOJ, MJH. M°/TOR
Table 4. Openpit water balance, million m*/year
Kapbep O6bem O6bem aT- O6GbEM O6nem aT- O6BeM npu- + g - o O |~
KapbepHEIX MocGepHEX HcmapeHHA MochepHBIX TOKA MMOA3eM- %ﬂt Sﬁ ® [ <@ S5 e
CTOKOB ocajKoB 0CcagKoB, HBIX BOJ (Mo Iy & N 88
NOCTYNAaKw- Pa3HOCTH) §
WKHX B THA- j
kaphepa Bl 145 ro o o o
E 5| [LE| 58 2 88 2=
CenepHulit 4,8 5,4 2,8 2,6 (54 %) 2,2(46 %) g E Or N il ] §
B toM uncsie oTBAaJR — 4,6 2,3 2,3 — 3 ®
1O HEi 2,7 1,2 0,6 0,6(21%) 21(79%) ¥ B
B ToM uncie oTBagR —_ 0,7 0,3 0,35 — E. g =S ) p- - QL g Qe ;‘-
= < g = ¥ 58 = §
: 1o |wE =g
[x]
g g | Es
roifi CTOPOHBI, BOAEI TOA3eMHOro yuyacria IOsbsrase, M30JIMPOBAHHOTO OT E g E © x o
Kapbepa ¥ orpaboranmoro go 40-x rr., BecbMa YMCTBI: CYXOH OCTATOK g 2+ g %g %} 2 a SR
cocrapaser TaM 0,44 r/a. OcHOBHEIe IIOKa3aTeJ M XHMHYECKOTO COCTaBa E g § &8 = ® 58
KApbepHEIX H 06wuX cTouHmX BoA IIO «Dcroundocdhopur», B KOHEUHOM H 'E g -
cuere nonagamomux B Punckuil 3anus, oXapaKTepH30BaHBI B Tabia. 3. g 9 s
B mesom Bce mopoanl MecTopoxaeHus umerT caaboe (meHee 1 rpangyca) 8 2 | B " © wo <
majeHue Ha OT, B TO BpeMs KaK BCKpPHIBAeMBIii TODHHIMH paboTamu <4 : % GCE| 9% % oz § SS
HATIOPHBIH TOPH3OHT IIOCTABJAET IOL3eMHEIE BOJLI B HANIpABJIEHHH C IOra g 2 |olas =R - §N
Ha ceBep. Hoas nolyajeil, 3aHATHIX OTBajJaMu, ccrasiaser 92,8 u 83,6 % © o &
B CeBepHoM u IO:kHOM Kapbepe cooTBeTcTBeHHO. Paameinenue JC B oT- g 3 ga &
BaJjiaxX To)e HepaBHOMepHoe. Tak, B CeBepHOM Kaphepe (rfie B OTBAJILHOM E s | ex 8 29 S 39 .
Tose comepxkuTcss 44,8 man. T IC cymmMapHOi#l MOUIHOCTHIO, B IIepecyeTe 5 ° g §-EE '523; § 2 § f§ N
Ha nenuk, 2,75 m) Gosee Tpetu Beeil maccul JC cocpefoToueHo Ha riy0uHe 5. "5 mR&. - Qig
o 3 M, a B IOxuom xapeepe (10,6 man. ™ OC, mouiHocTs cios 4,19 M) 2 = E
JC npuypouyeHnl B OCHOBHOM K HI KHeH uactu oTBanoB. B CeBepHoMm ° = | ouu
Kapbepe B ropHBEIe BRIDAGOTKH NMOCTYINaeT MOoA3eMHBIX BOJ He MeHee 46,2 9, - : g :
a B IOxuom — He Gosee 79,2 %,. g = SEE 88 8§ 283 g|amx
Ha cocTaB kaphepHBIX BOJ BJIUAKT Bce llepeyncyieHHble GaKTODEI, 8 TAK- H g ° ¥S & e SRR
JKe BO3PACT OTBAJIOB M CTEIleHb MX TEIJIOBOM JeCTPYKIIHMH. 5 ®
Bananc xaprepHmXx Bon (TabGs. 4) mokasnlBaeT, UTO MeHLIIAA MHHepa- Be =
Jau30BaHHOCTL Boj IO)HoOro kKapnepa, kKasajochk Obl, O6BscHsaeTcss 6OJb- §§ o
IIUM UX pa36aBjieHHEM NMOL3eMHBIMH BogaMu (cp. TaGauuel 3 U 4), IpUTOK oy °© - 8
kKoTopeiXx B 1,8 (79 : 46) pasa Goabmue. f-':"’é 0 X * 3
OnHAKO pacueT y[eJbHOTO MOLYJS CTOKA 5JeMeHTOB ¢ 1 km? oTpaGoraH- & g 2 © o B g N
HOM nmyoniaiu M, uTo 60Jlee IpeaCcTABUTENAbHO, MACCOIIepeHoca Ha 1 MJIH. M 5 8 o E § 3 "'5 2 EE g
pasMelneHHOoro B orBajaXx JC mokasaJ, uro CesepHnlii kapbep, 15—20 9 B8 § S =% A ,_': g Elg
KOTOpOro mnopa)xkeHo moskapamu (1970—1978 rr.), nocraBiasgeT B BOJHYIO H E = :“ s ©F 6 &
cpely B HeckoJbko (ot 1,5 mo 5,6) pas Gosiblie 3arpsAsHSIOUIUX BEUIECTB, W § O | a 7 5 §E # g § 8 ‘é :;’;
yem IO HBIH — Kak B aGCOJMIOTHOM, TAK U B YIEeJIbHOM HMCYHCJEHHAX (CM. 3 E “ § : y 5 §§ =; ; E §§ g g ;
Taba. 5). 3 © 3 moég moREES| o™
B 1977—1986 rr. B npubpexuyo zoHy ®unckoro saausa (Myyra) uepes § 3 E g = § §’§ 5 # § gg g 4 E 3
S88 I8 Smss "QmsSs | 552

ospar Kpooau 6mijio BriGpomreno mo 198,5 Teic. T TOHKHX B3BELIEHHRIX
BemiecTB 4 500 ThIC. T pacTBOPeHHHIX (BKJaJ ropPHBIX pabor 46,8 %), B ToM
yncyae ¢pocdopa 1300 v, dropa 9461 T, xynopa 11 188 T, mesu 19 T, xenesa
368 1, kanbuua u Maruua 90,4 Teic. T, cyabdaT-uoHOB 162 ThIC. T, HUTpA-
ToB 173 T.

Tunpocdepa urpaer pons cpegul-rpatchopMepa XHMHUYECKHX DJI€MEHTOB
B NHUUIEBOH Ilenoyuke, 3aMbIKawuielica Ha yeaoBeke. OcoOLIi MHTEpeC IIpej-
CTABJSIOT DKOJOTHYECKHM 3HAYMMEIE XMMHYECKHEe DJIEMEHTHI, KOTOPhle
06s1a0a10T CBOHCTBAMM, TOKCHYECKMMH (CBHHeL, GapHii M Zp.) HJH KHU3-
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HEeHHO Ba)XHBIMU (MeAb, 60D, KaJUi M JIp. MUKPOIJIEMEHTHI) AJA pacTe-
HuUif, pEG, dKMBOTHBIX U B KOHEYHOM HTOre JJA 4YeJoBeKa. B HaTypHRIX
axcnepumeHTax (1984—1986 rr.) aBTopoM yCTaHOBJIEHO, YTO B pacTe-
HUAX, BRIPOCIIHX HA OTBAaJIaX, COJEpHaHHe MHOTHX SJIEMEHTOB BEIILIE, YeM
B PACTeHHMSX TOrO e BHJAA, BRIPOCIINX BOJIM3H HA HEHAPYIUEHHHIX IIJIO-
manax (maHHBlE CHEKTPAaJbHOrO aHajaus3a 14 mpo6 30JHI pacTeHHil cM.
B Tab6a. 6).

Tabruya 6. HaxonjieHHe 3J€MEHTOB B PACTHTEJIBHOCTH OTBAJIOB IO CPABHECHHIO
¢ PACTHTEILHOCTHI0O HeHADYIICHHOR TeppHTOpHH B6IH3EM KaphepoB B Maapay
(KpaTHOCTHL IO COACPEAHHIO B 30J€)

Table 6. Accumulation of elements by plantx growing on waste tumps

as compared with that by plants collected from natural soils in the immediate
neighbourheod of the Maardu openpits (based on elements concentration

in plants ash)

DJIeMEeHT Kparsocrs DJeMeHT Kparuocts
HAKOILIEHHA HAKOILUIEHHA
Ti 2,2 Zr 3,6
v 1,8 Sr 3,5
Cr 19,3 Ba 1,5
Mn 6,2 K 1,5
Ni 21,8 B 3,2
Pb 1,2—2,3 Co 9,4
ro 60—80 Sn 1,2—3,3
Zn 2,5—5 Cu 14
Mo 8,2 Ag £o 30—200

OTH, & TaKyKe APYTHe 3JIeMeHThl, COAepaHHe KOTOPHIX B BOJe BOJHEIX
00'BEKTOB JIMMHTHPYETCH, ¢ KAPbEPHLIMH BOLAMH BHIHOCATCS H3 OTBAJIOB
B o3epo Maapny um npubpexkHble Bognl PuHckoro sajuBa. Cpesm HUX
cojep)aHue CBHHIA, MeaH, UMHKA, HUKeJsd, XJopa, MoaubaeHa u Gapus
OrpaHMYMBAIOTCA II0 CAHHTADPHO-TOKCHKOJOTHYECKHM COOGpParKeHHAM HJIH
B HMHTepecax puifopasBeseHMs, a MeAd, KobaabTa, LIUHKA M HMKeNda —
enie H MOTOMY, UTO 3TH 3JEeMEeHTH CKJIOHHBI K MHTEHCHBHOH OuoOreHHoi
AKKYMYJIAIMH B T'YMYCOBBIX IOPHM30HTAX M B TEXHOT€HHBIX KAPbLEPHBIX
IoYBaXx SBJAIOTCA OTPaXKEHHUEM NPeXJe BCEro BIMAHUS HCXOAHBIX IIOYBO-
obpasyromux nopog [10], kakoBHIMH B JaHHEIX YCJIOBHSX ABJAIOTCA (B TOii
HMJIM MHOH Mepe) IPaKTHYEeCKH BCE MOPOALI BCKPBILIH.

IlosTomy pemeHue Bompoca O TOM, HACKOJBKO 3KOJOTMYECKHM [LONYCTH-
MO BKJIIOYeHHe Ha3eMHOIl M BOAHOI pacTHUTeJbHOCTH (TPaBhl, 3J1AKM, OBOIII-
Hble KYJbTYpPhl U T.JA.), KOTOpas, Opou3pacTad Ha OTBAJaX KaphepoB U
B 30He MX BJHSHHA, oboralfaeTcAd DPALOM IKOJOTHYECKH 3HAYMMBIX 3JIe-
MEHTOB, B IHINEBYIO LENOYKY PACTCHHUS —IKHBOTHEIE—YeJIOBEK, SABJISETCH
KpaiiHe HeoOXOAMMEIM. DTO OTHOCHTCS M K HCIOJL30BAHHUIO calpoleseit
08. Maapay B kauecTBe yzo6peHuii Hau KOpMOBBEIX J06aBoK. B 3Toit npo6-
JeMme, 6e3yca0BHO, MMEIOTCA KaK MOJOMKUTeNbHAasA (oforameHue pacTUTENb-
HOCTH KaymueM, docdopom, monubaeHoM, GopoM, MeALH M ZAp.), TAK H
OoTpUIaTeNbHAA (HAKOIJIEHHE 3JIeMEeHTOB-TPaHCGHOPMEPOB, KaHIepOTreHOB
U Ap.) CTOPOHEI.

C yueromM gaHHEIX Ta6s. 2 MOACYMTAHO, UYTO BPEMS BBIHOCA TOJBKO
cynbdaT-uOHa, KOTOPBId NOMHMMO JAPYTHX CBOiieTB, ofjazaeT arpeccus-
HOCTBIO IO OTHOIIEHHIO K 6eTOHY MOZBOAHEIX COOPYJKEeHHii,B 3aJuB Myyra
0 HACTYIJIEHUSI HOBOI'O AMHAMHYECKOTO PABHOBECHS B CHCTEME Kapbephl—
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—03€pO—OBPATr—3aJIMB COCTABHT OT 51 roja xo 88 ner. na ocTanbHBIX
9JIEMEHTOB STOT II0KA3aTeNb OYAeT cyluecTBeHHO Bhille. B cpesneM cym-
MapHBIH BHIGPOC 3arpASHAIOIMX MHIPEJUEHTOB COCTABUT, B 38BHCHMOCTH
OT CUTyanuu B 3TOi cucreme, no 700—1000 TeIc. T B mecATHsIeTHe.

ITo pany sarpasHaiOmUX HHTPELUEHTOB B KapbepHBIX M INPOMBIIIJIEH-
HBIX cToKax ospara Kpooau mmeer MecTo mnpeBhinieHue IIIK Bpemunix
BEIUEeCTB JJA BOABI BOJAHEIX OOHEKTOB XO3AHCTBEHHO-IIHTLEBOTO M KYJIb-
TY PHO-GBITOBOrO BOJOMONb30BAHUA MJIH TIPEBHILIEHHE GOJIee IKECTKIUX IIoK
1 HapylleHue saanpera c6poca B npubpeskHble BOAK MOpeif, HCIIOAb3YeMuIX
Ans peiboxo3siicTBeHHBIX meeii. B ZONITOBPEMEHHOM 3KO0JIOTHYecKoi mepce-
NIEKTHBE B HHTepecax Jofei yxe ceiiuac HEOGXOAUMO HCXONUTD U3 TIOCHE]-
HUX TpeboBaHMii K cTOKaM depe3 oBpar Kpooxu. IlosTomy pna xapbep-
HBIX BOJ yiKe ceiiiac KAK MMHUMYM Heo6XOZMMA OUHCTKA OT pacTBOpeH-
HBEIX B HUX HOHOB. OUHCTHEIE COOPYIKEHHS MJIH YCTAHOBKH HOJIMKHBI 6yayr
GYHKIHOHMPOBATL B TedeHHe BeCbMAa AJIMTEHHOTO nmepuojia IOCJe Iipe-
KpaIleHus FOPHEIX paGoT, ¥ 3TOT GAKTOP HAKO YUMTHIBATH 3apaHee.

Heo6xomuMo Takxe nmpoBefieHMe DalbHeHRIINX HCCIIeJOBAHHMI U MOHUTO-
PHHT COCTOSHMSA BOAHOH H TIeOJIOTHYECKOH CpeNbl B 9TOM DervoHe.

SUMMARY

In the Maardu openpits the inner waste dumps comprise more than 85 million m?
of rocks. Of this amount 24.1 million m® are represented by dictyonema argil-
lites which contain sulphides, titanium, molybdenum, vanadium, uranium, etc.

Dictyonema argillites have undergone thermal destruction and are the main
suppliers of geological environment with chemical pollutants derived from the
rocks in overburden (Table 1).

Pollution of the waterflow, formed in the openpits, takes mainly place in the
mined-out areas. The waste water supplied by the openpits has a high mineral
content (1.4—7.3 g/l1), its hardness ranges from 21 to 86 mg-eq/l and the
concentration of sulphate-ion is 40—60 9,. At that, the water of underground
sites is considerably less polluted (Table 2).

Dictyonema argillites are of uneven distribution in the waste dumps. In the
Northern openpit, where the wastes contain 44.8 million t of dictyonema argil-
lites (total thickness of the layer 27.5 m), their main bulk is concentrated in
the topmost 3 m of the dump. In the Southern openpit, 0.6 million t of argil-
lites forming a layer with the total thickness of 4.19 m, are mostly located in
the lower part of the waste dump.

In 1970—1978, 15—20 9, of the wastes in the Northern openpit were subject
to fire, as a result of which the mineral content in water considerably increased
as comPared with that in the Southern openpit. In the Northern openpit, 2.2 mil-
lion m° and in the Southern openpit 2.1 million m® of ground water are formed
annually (Table 3).

The modulus of the surface runoff of the openpit flow, as a whole, is 0.63 mil-
lion m®/(km?-year) for the Northern openpit and 1.63 million m?/(km?. year)
for the Southern openpit, while the annual spesific dissolved matter output
with water from these openpits is 1,010 t per 10° t and 656 t per 10° t of argillite,
correspondingly.

The opencast mining accounts for 28 9 of the total waste water output into
the Gulf of Finland via the Kroodi gully. The share of dissolved polluting subst-
ances supplied by the openpits is 48.6 %, (Tables 4 and 5).

Through the hydrosphere chemical elements enter the food chain. Thus in
the ash left from the burning of plants grown on waste dumps, the concentrations
of the 16 ecologically important elements (Ti, V, Cr, Mn, Ni, Pb, Zn, Mo, Zr,
Sr, Ba, Ka, B, Co, Cu, Sn) are several times (1.5—21.8) higher than in the ash
of the same plant species collected from natural soils in the immediate neigh-
bourhood (Table 6). The content of Ag is upto 200 times higher than usual one.
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In several cases the concentrations of chemical elements in openpit waste
water excees their maximum permissable concentrations in coastal marine
waters. The leaching of chemical elements from the waste dumps in openpits
may last from 51 to hundreds of years. In view of this, measures are to be taken
to put an end to the output of waste waters from openpits, however, this
assumes the solution of problems related with their purification.
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ECONOMICAL DEVELOPMENT OF ESTONIAN OIL SHALE INDUSTRY

9. PEHHCAJY

9KOHOMHYECKOE PA3BHUT
HE C
IIPOMBIIIJIEHHOCTH 3CTOHUH TARIEROR

Although the first reliabl i i
= e written evidence of oil shal ini
ofugirlu:ﬁalll:aiigilrllscirs;teirrrilsEatl;regdy from t‘;ihe 1870s [1], ths ll'rt;tlirlml;gg?r?nitr}:ge

1 stonia is considered to be J

first amount of produced oil B e 101 Thae 1801
i IEIhe ye%r b of produ annilvesrl:;lrey.was sent to Petrograd [2]. Thus 1991

ovember 25, 1918 the government of i
a the Estonian R i
g&s:e::;(zgso;' z:lll t!lree shal.e opencasts, which were fo:nde?ip?r)iltl}f 11';\‘.01:)31f
fntomii 1?1; . pljn'/ate capitals, but at that time controlled by German
o e orities [3]. In tl}e course of years the oil shale industr
Gt ere Asew{zral economical and political crises influencing it)s’
Coyelopn fr(;m 11?1 idea of the dynamics of this development can be
optained from 1g111re, representing the annual increase (decrease) of
i Havip , calculated by the method of sliding average of 5-year
accourit histcl:rgic :lnt;lg;ze:l t?}? datah given in Figure and taking )'1rnt0
nts, e author of thi ivi

2 . . o is paper h

evelopment of Estonian oil shale industry into eigPht ditt'lfsergxll‘glcll)z(li'io?se

At the first, so to sa i i

. L, y, foundation-period up to ye i
ir;v:;t‘é%r;) I{):rtlcularly at the beginning, was the Es)troﬁiarllgzgvz};inia;?
kivitééstus»og:gcﬁ::ii aggiﬁtxloo?ianeg 2f national enterprise «Riigi P61ev:

: . housand tonnes of oil shale. T
E;t:u(;ti t;(I)lléll: private epterpnses was 162 thousand tonges. }'?h:u:fl)::aOf
1550 Certzgsel of 911 shalg production in the years 1919—1929 wig
o )?p;lained 11111 tag‘g‘llng' behind of_ the private capital investments can
De explalned 1 owh(;Illeym?l’( iglgor}opohtstic attitude of the Estonian govern-
nt, inv i inci
of F};ldustll‘ly was connected with z'ielzril: r:'gzkl.nto @ principally new branch
prodﬁg};st 1?1 sltadr.t the qil shale industry was aimed at giving various
produ [4i Tc u 13g solid fpe} as well as products of oil shale distil-
atier po;v 1? plro uce fel_ec_tncn.;y and heat for industrial and commercial
s ’two eitp ants utlhz'}ng _f.me oil shale and generator gas were built
oy wo pasL one at Kiittejou, the other at Ubja supplied with solid
e KundapCr ner plants the Tallinn Cellulose and Paper Factory and
ghe “und OfeglitlanthPlant, respectively. In 1929 the railway was the main
e o shale from the national enterprise. Only 9 9% of the
570 sant to b }::;a:é ﬁf:ﬁfgsed' 1at; lilshie_ d(iistillation factory of the latter and
[ . méie oil shale istillation plant (Estli j

skifferkonsortiet, Swedish capital), which up to I;936 p(oss::al:s?;cils}:li ?)?tg





