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K METQMMKE OTMPEIE N HAKOIASBLT 2ATRABIT IS
JILENTOB B JECHUX TACAZLTIMAX

Hnronemyc 0.3., Paman K.K.
JIY wa, N.CTywrn, Pnra

Mapxopcknit 11.A. V

Heernryr dnonornm AH Jlats.CCP, Canacmic

ITo 11epe yBenmisHNA oCMOTO YPOBHA 3ArpA3HENNA B IVOGATLHOM
macmrade, eme pe3de NOBHIAETCA BIMAHIS OTIHMIBHMX JOKATEHHX 33—
TPA3AAFIMX OCLBKTOB (MPOLHIITEHNHX, OTOMNTENBHEX, ABTOMATNCTDA-
neft) Ha JecHHe Hacaxnenma. Kak NMOFA3WBAMT HammM JCCTSMORANIA, VA
BHABNOHAN TOPPHUTODHN N 30 NORTA BO3NEHCTRNA JOKANBHOIO 8arpfa3He-
HFA 'MOXHO WCHONBH30BATH MONXONH, OCHOBAHHHE HA onpeneneHiin aToM-
RO-aNcOPOIMOHHKM METONOM TAREJIHX MOTALIOB B KYLyJIHPYHUEM CcyG-
orparse.

OnArM n3 TakmxX cylcTpaToB ARIdeTcA nousa, Ilousa, KAy ONMH
X8 BaxHeolimMAX KOMIOHEHTOB necnnk 9KOCHCTEM, HaXOnNTCcA Ha Nepece-
9eHAR BCOX TPRHCHOPTHHX ItyTelf tMIparni XMimi9eckix anereHren, o
RaHANM "NCONSAROBAANA SATPASHOHAA HOYB MORHO NOJYITH KAPTMHY MHO-

¥

b

TQIETHOI'O PACHPONEVIONNA BHNANSHN M3 aTMOCHeDH 9ACTIII AHTPONOTOH= .

HOro mpomcxoxiennda. Mchosb3ysa NO4YBY B kadecTBe MHIHKATOPA 3ATDAS~
AeRNA, HeOUXOMINMO PYROBOKCTBOBATHCA JaARMMADTHO-Teoxmmueckoll o0~
CTAHOBKOH ‘nccaenyetioll TeppATopau, B 3amucHMOCTIl OT THHA B PEAK-
I'TR 1H0YB, MECTONOIOREHNA N2 penpefe onpenenserca TOHOBHIL FPOBeHb
‘B KAXNOM MTOYBEHHOM o0pasile OTAGNBHO, [0 OTHOMEHIM -k KOTOPOMY -{tofl-
CUNTHRACTCA KOYNPIUDIEHT aHOoMAMIN TeXHOTI'eHHOT'O 3arpd3iueHnsa,

v

]
3
I3

InA BHARNEHAA pACHpefesieHNs 3arpA3lAmiRX 270 eHTOB HA AAHHH

MOMBHT B RAYOCTBE NONOHOHTA 3arpg3HeHid aHann3upynrcd oromacca
nepeBseB (JMMCTHA, XBOA), CHOr, A TAKRS CHELIAIBHO DKCIOHIOBAH-
BHE B OIPOIATIOHHOM MHTOPBANS BDPSMEHM JMORyMal —-cdarsy ( Snhas-
mm megellanicum L. ), Oniako npyu 2ToM HeoGXONWA0 yTITUBATER, 4YTO
raxmull B3 3THX KYLYJINDYOURAX CYGCTPATOB MMeST ¢Boh clemwhiuy Ha-
ROIVIBHRY TOX JUIR KHHX BJeneHToB, Kawx NMoraznupamT HAMM ACCNenoPa-—
HMM, B TE4eHNe BereTamyoqHOIr0 MNepsiona comeptilie MeTaLICB B
JABCTEAX XOTA H yBETHUNPAOTCH, 0 A KARIOTD DRES DBRINUIKE Tol-
OB RAXOIVIOHNA KOHKPETHOTO 2JeneHIa panmiusa, 1ar, Hamnpiiep, B
ANCTEAX PACIHH TAZeJHe MeT&uM Haxkarumeabrca B 1,2-1,8 paza done-
ple, 4eM B AFCTBAX mima, n I,2-1,4 pasa 6oasir2, Teli B OINCTEAX 02—

pe3d, [I03TONY OPil TMOAE3OBANT IOIEOTE LIETIT ¢ IyeT PAGATATh
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C OIHWMM BHIOM JleDeBLEB,

Mlarm Taxge W3yUAIoch COMCDIAHIS MOTAJIOB HA HOBEPXHOCTA H
BHYTDPH JHcTa. JlIg sTor'o © YacT!l JICTHEB MH TIATENBHO CMNHBANLM
OCeRyD IMIb NoCTIVLINpORANHOIT Bonoii. Ilocs CMHBAHHA B 00pasuax
JHeTBLeB JMH octanock 437 Py, 329 Cr, I8%Fe. Jia BuAcHoHMA B Ka-
RO} Mepe WIngeT la coiepralie TTIentX MeTALT0B B JHCTBAX IOPERE-
8B 3arpa3iieHne MOYBH, LB IIPOBOJM MBYX AKTODHHH DErpeccHoHHHI]
anaina, Oxasatock, UTH HA coiopiaune Pb B JAUCTESIX JREE (HECMH-
THX) o0lee aarpsanenie Ro3T;XA BIgeT Ha 507, a nodued - Ha I16%.
CRENOBATEIFHO, NANHI'C QHATI32 HOCIHTHX JHCTEEB OTPArANT B GOJb—
meil Mepe 3arps3Hellle Bo3NyXa, 4Yelt noapy, [JocronbRy OOIIIRHUS
OCAIKM MOTYT VMOHUEUMTL colepraine 3arpasHssoni 3JeMBHTOB HA 17—
607, ni1a BHARMSHNSI DACHPeNEI2HIA JOKANBHOLO 3arpa3HsHid ONTAMANb-
HH#t cpOK cfopa MUCTHAD — NDPIMEPHO MecAll ¢ Hadana uX paciry cKaHpd,

CX0x16 Pe3yJNLTaTH INONYUCHH NpH RCHOAL30RAHAW B KalecTss cyo-
cTpaTa _CpaTHOB. OGunplilie , 0calikil yMeHBUAKRT CONEpKAHIIe B HHX MeTa-
J'LTIOB mpuepHo hHa 20-405, Ha clocOGHOCTE YAARMNBATE 3arpa3IiToLAe
BemecTBA BO32IiCTBYRT 1t HEKOTOpPHe IPYTAe MATeopooruyeckne (QanTc—
pu (oTHOCHTENBHAA RANARHOCTE, OCANKW), B 3nMHEe EpeMa NCHOAB30BAN-
CA CHerOoBOH{ NMOKPOB, KOTOPHil HKCHUPYET BO3MYUHHEA B3IRBACH U a3pPO30JIH,

B 3arsmotieHuH caeIyeT OTMETHTH, YTO DACCMOTPEHHHS NOJIXOIH ,MpH
coOnmoaHnit onpenenslHuX orpatindennii BO BpeMeHn X NPOCTPAHCT BB, N8~
DT HARHYR WHGODLIALMD LA BHSRTCHNA JIOKATHIOTO 3aTpPA3HEHBA HA Je-
OOHACARIOHNA , ) '

- MAUTIUE JUMAJIENI! KAK MIGIKATOPH IGICAOr0 W MEN CIHOTO
SATP I3HEITI

Harscon 3.M., Maprun JI.H,.

TawtnHcrnil Gorannvecknii can AH 3CCP, Tasunn

-

B npmponnnx ycAOBUAX BAIM JHIAIHMKOB NPHYPOYOHH K ONpPONATIoH-
Homy fManasoHy pH cydcrpara B CONGPRAHNS B HEM NATATE&NIBHHX Ba-
mecTB, B KpylHOM ILIAHE pPA3NHYAmT ABE I'DYIIH BHIOB SOWPHTHUX JH-
tmithukoB: BN Kucsoil, Oennofl KOpH XBORHHX B MENKOMHCTBOHHHX NO-—
poR # BnmH cyOHefiTpansnoil, doratofi KODH IMPOKOIIROTBOHEHX HOPOX
LepoeBEeB, : .

llog mMAeM BATPAZHEHNA MCHAETCA XWMHYeqrAR COCTAB HO TONE~
Ro Boanmyxa, Ho 1t cyGctpaTt BIRPATEHX AnmaltiikoB, SarpgsHeEms wmo-
BBCTHRKOBON M 1eMeHTHOW mutkn WK 3onof odoramaer Kopy NXTarent—



Temnopanbnme aCIIeKThHI
MOJieIMPOBAHNA
M TNPOTrHO3UPOBAHUA
B 3KOJIOTHH



UsiHyCTEPCTBO BHCIErO M CPefHErO CNOLMANLHOIO
o6pasoBaHia Jareufickoli CCP

Jarsubiciit apaeria Tpygosoro Kpachoro 3uaenu

rocypapcreinll ydiBepcHTeT wderu llerpa Crywn
Kufeapa CoTaiskm W SKONOIWK

T SOPA SR uE ASTENTH MOMRJIMPOBAHHA
A [FCTHOSAPOBARKMA B SHOJNOTVH

C6opHNK HAYUMHX TDPYAOB

JlaTBulickuid raocygaperueHnbh yHuBegeuteT Wu.I.Cryuka
Pura 1980
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U.A.0uena, 0.3.Huxonemyc,K.K.Pauan,

A.f.Cxyapa
TV ua, MN.Ctyuxu (Pura)

BPEMEHHON XOff PEAKLYH COCHSIKOB B YCIOBHFX
H3MEHYMBOTO BATPASHEHUA BO3YXA

_ BauAHue B3aAMPAGHEHHOrO BOSAYXA HA AEBCHHE AHOCUCTEMH
06yCI0BNOHHO KAYEOTBEHHLM COCTABOM, KOAHUECTBOM W MpORON-
XHT@ABHOCTBO BO3JEACTBUA HHLYCTPHANBHEX BHOPOCOB, TOK-
CUYHOCTBO OTASABHHX NOJUINTSHTOB U OKOJNOTHUGCKHMH YCNOBH~
MH, MOBRUAOIKMA KIH CHIXALLMMU. YPOBEHb OTpuuaTeibHoro od-
dexra, B 3ABMCHMOGTH OT CTENEHW NOBPEXACHUA HAGAMAGHHA
46CHNE BKOCHCTEMM, TpUJIEravyue K UCTOYHMKAN SMUCCHM, MOA-
paspenaoTca Ha TpK Kareropud. [leppyn yarcropun cocraBiager
BKOCHCTOMH 663 BUIYANbNLX NpPUIHAKOB YXYSUEHMH pOCTA Hpenec-
HuX pacrenuil. B avor nepnon peakuss nepeBbeB Ha BoapefcyBite
aarpnsuurenaﬂ OTAHUAETCA BHCOROA SUACTHYHOCTEN , WTO yeTko

W OHO3HAYHO OTpaxderca B WX @XErofHoM aopupocre uronaccH.
Tpu cymnecTBOHHOM CHYXOHMM MAM NPEKpANEHHWH 3aPpPA3HEHUA BTH
HACBXREeHHA HEMEJeHHQ NAPeXOJAT Ha WX eCTeCcTBeHHu! xox
pocra W COXpaHAOTCA (e3 NpUMEHeHUA XaKUX-JHCO crnenyanbHuEX
ueporpuATuit, BeaycaosHo, ySunb duromaccu W coOTBETCTBEHHO
NpUUHHEHHHER ‘2 90HOMHUSCKHA - yuepd NecHOMy X03AlCTBY HeusGex-
. OSHAKO BTH HACAXLEHUA MPOAONKADT BHMONHATL CBOW 3KOLO-
ruyeckyn pofib, 8 uX CyAbOA CECNOKOMT Xnib CIELUMANHCTOB. .
OCHOBHAA 3AJAUA MOHHTODUHI'® NECA TAKMX DKOCHCTGM BAKNOUA-
€TCA B OUEHKe W RPOPHOIRPOBAHMM MX COCTOMHHA C HEALD Mpeg-
OTBpANSHUA AAALHEANOro CHWXeHMA MPOAYKTHEHOCTH APeBOCTOEB.

' Bropan KaTeropua AeCHHX OKOCHCTEM XApAKTEPU3YETCA AB-
HUMK BHAYANbHuMM MPUSHAKAMY NMOBPEXUGHWAT NOXEITSHHEM XEBOH,
ycuxaHWeM BeTBeMt, BepXYLeR W OTHENbHHX NEPSELOB B LEelOM.
llogBAerKe ©THX OPH3HAKOR CBMLETERBCTBYeT O NeTanbHuH onac-
HOCTM CYWOGTBOBAHM CAMHX XOCHWX OKocucTeM. flaxe npexpaue-
N#8 3JEI'DATHEHUR BOZNYXA H8 BCETfA I'apaHTHPYeT ¥ MPHOCTa-
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HOBICY HRCTpPYKLHGHHODO Mfongcca. Pernilepanua Hacasdenn
kpafiie OTDAt@ILiHA, Bonee TOTO, MOHINGHILT MOLNGTRITIM,
UX PRSUCTEHTHOCTh CMOCOCCTayeT yCHNclitlity LudiHIXe!hn
BpemHTENER 11 pacnpoctpaieiio GonezHed geca. Coxpatigine
OTHX HACARHEHUH TPEOY2T OCYLECTBACHIG a8 HCSOXOUHIC T~
BEHILX ¥ NPUPOA0OXPANHIIX nepomuiiTist, B ycacwunx npojca-
KEHUA BMUCCHM C NpekHEd MHTEHCHBLOCTBY WSEEHHbAiME [pens-
CTOEB NPOYUCKONUT C HEYKNAOHHE YCKO[EHIEM W OLUCTPO NPUusIiD
K uX MONHOH NEecTpyKiyu, LCHCICTBHE USI'O BMERTO JECONCL -
HeHta a0pasyercs RpRxace pearosecte 1M nsanan 'npeisii-
JEHHAA NYCTHHA". ST Teppnoopid, MNPAKFIecK LeRNdte. iile
13 GUOMPOAYKIMOHHOPO nponiecca, NPUURCHANTCA K Tpereeil wa-
TEeroyiin. HPH yYeaomy CHATHA aHTPONOrCHUCTO llableti'is SeCh
MOAKHO hpeunpunuma?b Mo, HJHPHbHUHHUG Ha X pelRyIL1iiba-
N4,

Haunr wccnemoBaiity nposefeny B coCharax Bropofl kuweru-
piv. OHil HGXONATCH B A0HE LMMAHKA Oubuero Pixcuoro cynep-
focfarioro sapoga (FC3) 11 06padoBanuct Nof Bo3HehcTdick
3aPOASNCHYA H34eHmiBUil wHrelcndocry, FC3 Gun ocuczat B
1857 rogy v po I967 pomn NOCTENCHHO YyBEMILInLI REGHLEOYCT~
LeHINE MOMHOCTH 11, CHCAOBATCABLO, HliCHCHBHOCTL Salpndile-
Hug Besayxa. Hexnmoueme cocrasagser nepiol ¢ I941 no 1945
rony, Korpa savcf Gun aawpur. B I967 romy PC3 Gua nspeudo-
BYLOBAH HA MpOM3IDCACEBO ApyTod mypodykipid. B kauccrse ociws
1ux noinuvarros PC3 mo&HO OTMETHTD ONMCH 83074 W CEpH, &4
TaKKE &Mdifal - BELCCTBA, CTN{USOUHECHA 0CO6GH 0nacHOCTER
wasg xBofiliux pacrennfl. HoxnnecTssimbe NaHHDS NpPAMEX WIME-
paHull ypoBHA 3urpASHERHA BO3AYXA BuUOPOC@MM 3aBOL&a 38 OTME-
ueHHEfl nepitog orcyrcvsynT, HekoTopyw xocBeHHyw oneHKy na-
8T XAPOKTEPHCTHRE MMPOUSAOLUTENBHOCTH 38BOAA, NPSACTEBICH-
nag B raéa.I[1]. ,

Hanrue rTa6muup I noxaswsawT, YTO N0 NPOUSBOAUTENLHOA
MOHOCTH Repuog ¢ 1946 r. no nucToAgee BpEeMA NOAp&aSHensts T~
ca Ha verupe 3tana. [epeult sran (I946-1953) xapakrepuaycr-
CA HEeYWJIOHHHM BO3DACTAHUCM NPOUIBOLMTEALHOCTH M!'HEpPaNbHEX
yRoSpeuull W dmuceuy nmomsstairos, Bo BpeMAa Proporo 3rana
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noBLUIEHUE YPOBHA 3THX nokadartenel mpopoymaerca, HO C MeHb-
mHM TemnoM. B Hayane vperberc srana GLAM yCTEHOBNEHN MOM-
HH® OUUCTHHE COODYXOHHA, OTOMY dTamny CBOACTBEHHA MpAKTH-
UeCKM MOCTOAHHAA WHTEHCMBHOCTb BHITyCKa nponykrud. B I967r,
FC3 6un nepeoGopynosaH ¥ BHOPOC 34BOJOM BpPEAHLX BEWECTS

npekpamaerca,

_ Tabanna I
OTHOCHTENbHAR OMEHKA -HHTEHCHBHOCTH 3APPHSHEHUA
Bo3nyxa FC3
Togu __TlpousogurensHocrs XapaxTep sMHCCHH
' mhe,v/rog  y 1940r, '
no 1940 5 99 1,0 BO3pacTavman
1941-1945 0 0,0 JoHopan
1946-1956 ~ 286 2,9 _Boapacranman
1956-1961 324 3,3  ewcokan
1962-1967 = 333 3,4 BHU3XORAWAA
1967 no o . ‘
HacT. BpeMA ApyTas NMpoRyKuMA JoHoBasA

Taxwu ofpesou, mecoHacaxpeHud npuneraomux k PC3 reppu-
Topuil PaSBMBANKCH NMOJ HENOCPSACTDEHHHM W W3MEHUMBLM BO3-
ReficeBMeM 3arpAsHeHHA Bosfyxa. C uerofuueckod ToukK spe-
HHA OHW ABNADTCA YROGHEM MOHENbHWM OGBEKTOM K&K AJIA H3y-
qeHus cneluddky peakimu RepeBbeB, NpOM3PACTADOUX B yCIO=-
BMAX KGMEHUMBOI'O JABINEHWA NONJADTAHTOB, TAK W ANA MpPOBEpDKY
MEBTOJIOB OLEHKH BAHAHHA pasIMYHEX $aKTOPOB HA JeCHHe BKO-
cMcTeMH, ' ,

YlccnefioBaHHHe NECOHACAXAGHHA NMPOM3PACTANT HA TWUNHU-
Ho cpepHenox3IoaucTod nouse ¢ mecuanol marapuHcKofl mopomoit.
Owu npepcrapaswr cofoft uuctue cocHaku IY u Y xnaccos Bos-
pacra. Tun neca - Pinotum hylocomdoswn, B 38BUCHMOCTH OT
YRANEHHOCTH LEHTPA BMHCCHM, HAMPABIEHWA [OCMOACYBYOLMX
BOTPOB H ycnoedR penveda Ound 3anoxeHu Navb NpoGHLX MI0-
wageh (puc. I, ra6n.2).
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Puc.I. Cxena pasmemeHMa npoGHux nuouanel, ara-
XOHHEX NXCBAREA W HOTOUHMKODB 3MHCCHH, &
TaKx6 HAMPADNGHMA IOCMOJCTBYOHHMX BETPOB
no nepdogaM(I.A,- IYYT; 1.B.- I-,IX-XID),
0O6oaHayeHuA: C] npoame naomangH, A\, -ara-

i-F
XOHHL® TLEORAZH Mﬂ copa x80K; [ -MCTOUHKKM
BMHOCHH.
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Taénuua 2
O6man xapakrepucTHra NpoSHEX rionasel

n.ﬁ. g:cc g?:ﬂe Hang&gneune igggg;g Hﬂomanb.
1. 1,75 - Boorounoe CuIbHO aprury- 0,09
- " AMpoBaH
2, - I,R5 oro-Bocroy- - " = 0,15_

' _ Hoe '
3. . 3,0 ORHOO MEXIDHHO® 0,4
_ r B NOHMXEHHE '
4. 3,0 oxHoe BepiouHa AoHH 0,24 -
5, 3,75 wxHoe ~ poBHuH 0,12

Kpone oOmeNpHHATHX W3MepeHud, NpefyCMOTPEHHHX NEpPs-
qcauTenbHoll taxcauneill meca, Ha Kaxgod nmpoGHoH mnomanmy y
BOEX pacTymWX A6peBbeB 6 ABYX NPOTUBOMOJNOXHHX CTODOH MpH=
pocTHaM Gypasou [lpeccrepa Gun B3ATH 06pasiy KpeBeCHHY LA
BUABNGHWA NOTORWWHOR QMHAMMKM WHPHHE TONMYHHX Koxew. Kpo-
Me TOro, OWNH B3ATH TAKWe 06pasyH XBOW LIS ONPOAENSHUS GO~
ROPXAHHA TAXENHX METAJLNOB W 06pa’uM NOYBH. B C00OTBETCTBHH
¢ npuMeHeHHoN MeTORMKOR KOHTpPOAK 06pasoBanCA MO yueTHHM.
JZepeBbAM, NPOHApACTALOUX B ABYX SAN0BefHHX JeCOHACAXAEeHU--
fiX, HENORBEPrHYTHX &HTPONOTeHHoMy BOsfeHCTBMD W HMeoLmyX
CXonHHe THN “1eca, MOAHOTY, KAacC SOHMTETA W KN4acC BO3pac- .
ra. TRKCALMOHHAA XApaKTEPUCTHKE MPOGHEX niowanel B MOMeHT
OLeHKY npejcTaBnena B raba. 3,

Ouerixa peakuuu gpeBocToes nposonunaca no eauHoll me~
ronuxe[Z] B xavecrse oCHOBHUX nokasareseil, HewGonee
ANOKBATHO OTPAXALUNX BIMAHWE ATUOCHOPHOTO M MOUBEHHOI'® 3a-
PPASHEHHA, QNPeRENANUCHL POAYLMPOBAHHWE 3HaueHus (B nepe-
Bofe Ha I " cywmnuu mromagedt ceusHui) KyMyaATHBHOFO M TeKY=
ero pononHuTensHoro mpupouros no sanacy RAI u RAC coor-:
sarorBenHo. [lof KyMyZATHBHHM 0OMOMMTENbYEM NpHPOCTON N0
aanacy ( RAI) nommdaerca ra wacrs npupocTa, Kortopas obpa-
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JyeTca B peaylibTaTe Bu3feRCcTsAR MCCasgyeMuro daKTOpa 3a
oyeHupaesift nepuon. RAC e orpaxact afdekt BMSAHMA 32
JAHHHA Tof. OW BUULWCNASTCA KaK PASHHUA ME¥Ay 3IHAUeHAAMM
RAT cuexmx ner.

Ta6ndna 3.
TakCayuMoHHAA XAPAKTEPUCTHKA LPOBOCTUEH

% n.n. Bospacr, Cpennaq Cpearut  [Tlon- Teicynu#h npupocr no

AeT BHCOTA,M AMAMETD, HOT&, SuCO- QHA- 3dna-

cM uw~/ra te,u MeTpy, cy,

MM N°/ra

1. 80-90 20,6 31,3 31,3 0,14 1I,5 4,6
2. 60-70 16,0 25,0 8,4 0,30 2,9 2,5
3. 80-90 23,2 33,9 17,9 0,15 I,E 2,7
4. 80-90 15,6 25,0 10,5 0,15 1,56 1,4
5. 80-9 10,9 29,0 18,3 0,09 I,2 I,3

Hapany ¢ RAL u RAC onpepenserca raxxe Zm - rexymuit
MPUPOCT MO -34NACY HAJNLWUHOPO APEBOCTOA. Lie pasioBMgHUCTH
IPUPOCTG& BHPAMANTCA B M°/ra, PesyatTern noayueiu rno npor-
pasue BLOWER , COCTABNeHHOH Ha ASHKAX NPOPPAMMMPOBAHUA
FORTRAN M4 BASIO.

B ofpaspax nousw onpepemaauce: pHy o (noreHipomerpu-
UACKHM CNOCO6OM), PUUPOAHTHUECKAS KucaofHocTh H.Cyuma 00~
MeHHEX ocHoBanWA (no KanneHy), nopsushne kanuit K20 U $oc-
dop Po0g5 ( no Oruepy-Pumy), rywyc(no Topuny), obundt asor
(no Krenpnamo) [3]. Yposens sarpashenus vaxensn werannamu
XBOH COCHH OLEHWBAICA ATOMHO-A6COPSIWoHHEM cnocobou [4].

HKonuyecTBeHHNE XRPAKTEPHCTUKH PEAKIMH APBBOCTOED We-
CRejOBaHHNX NpolHX Momafed mpencraeaeHu Ha pnc.2,3,4 u
S5. Mx ananus npuBogMT K CaeQyONMM BHBOGAM. :

. 1. Conocrabrenus rpafwkos puc.3 ¢ padHumy tadn,l no-
KadHBAET TOJHO® COBNALEHWE XapaKTepa YPOEBHER HAMEHSHWA Mil-
TOHCHBHOCTH NpOM3BONMTesbHocTH FC3 W peawuun Aecodacarne-
Hufl. Ha pue. 3 mo peakiyy NepeBEeB UBTKO MPICAEKHBAOTCA
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Puc.2. [aHauyka Tekymero mpupocra o sanacy (Z". 13 /1)

1,2,3,4,5 - Homepa npoCHux nxomanmefi.
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T€ ®e CaMud 3Tanu pa3BUTUA 36BOLA, KOTUPUE BHRENATHCL NO
apxuBHOR Madoganmu. C opHoRk cropoiil, BTO CBUMUSTENLCTUYET

6 MOIELOBATEILHON PEAPHPIBAHUM LEPESBLLD HA U3MEHEHU: 3a-

IPA3HENMA; C UpYrod - MOATBEPAASET ANSKBATHOCTb NPIMEHCH-

HOM MoTOQMIG OTPAXEHAA OTOTO BIMMA.

2. Bee npoGHES TLIOWaAM Sudoxei B OfHOR doHe Lusigeic-
crpun. Pasauuua B RAC (puc.3) o RAT (pac.d) sa nepiod
1946 no 1957 rr. o6BACHAOTCA DUTOLEHOTHUSCKALM, OpCTpd-
duueckumy it dpafHueckingl yCJIODHAMM, & Tak<e MECTONON0:EE-
HHCM AECOHGCARISHM 110 OTHOUEINO K TPECCRALIUIEMY Halpai-
MEHWO BEYTPE.

3. llecne npekpawyenusn BuSpoca sarpasuurenell FC3 b
1967 r. reTepor&HHOCTb PSARIMH APcBOUCTOLY pEIKO NOBLLU-
sach. Ona secovacuidsnsd I-1 cpodcrbenila Goce MM Nele
BHPAXCHAAA PErcHepallil OCTAaBLMXCA LepebleB. OTO MOJTuChi~
QAETCA TaKRE pesynbTartaun raasosepHoll onshuu, Cyan no Bn-
ayenbiibid NPA3HAKAEN, 3TH QpPEBOCTON MNEAUAM K HOPMANLHOLY XO
ny pocra. Hanporun, puduosorsucckoe Coctonitiie JpeudCTon U
MATOR MPOGHOW rUIOWANM HEYKIOHHO YXyAwaeTcfi. OTO OTHOCHTCA
rakxa K nepuody nocre 1987 r. K romy e, stoT nponece ¢
K&KUHM POQOM YCKOPAETCA. YK MNOABUBIMECA BHIYallblile Mpii-
3Haky (nokenTeHue XBOM, WIPEKUBUHHE KPOH, YCLXAHME BeTrueh
M BEpUMH NlepenLeB) CBUNAETENLCTBYOT O TOM, UTO UT) JNECOHI-
camfciite HaXOAMTCA HA TpaHd nojHofl pgerpanauut. lereporen-
HOCTb PeaKimi OGBRACHRETCH, B HACTHOCTA, aKTiBMdanueh npy-
PMX HCTOUHMKOB OMWUCCHM B):¢[HHY. BEWeCTB, pACNONOAEHHHK B
Oro-sanagHol uscTi oueHnraeMcll hecuol repputopun (puc.I),

4. C 1980 r. NpOKCKOAMT MOCKEROLATENLHOE PECliipsiie
SOHM OTPULATENBHOIO BIWAHMA ucTouHuioB 2,3 u 4 (puc.l).
Buayanbho 0ii0 noka elle MPOABNAETCH TGJAbKO HA Oro-3ananucil
uactu uccaenyemol teppuropuu. Onnaxo B peakuud gepebves
NpPoLECE YAYNUCHUA TMPOCACKBAETCA BECEMa YOENUTENbHO, 41U
BUPAALETCA 8 yMeHbwenud aauenmil RAC wa  scex npo6uux
mrowanax. CkasasHoe NOATBEPKGAETCHA Talxe PedyALTarTaMil Xi-
MHUECKOPO &HAMM3&E XBOW M MOUsud. [lo Mept NPUGIILLEHHA ¥ Br-
we orMevcHHIM GlLerralt SHUMCaE B XNOHA PLIKO VbR AAGLaSi-

i



Puc.3. Mameneuus T

(RAC, 13 /u<

exym,or'o JOTICIHHTENBHOTO NPMPOCTE MG 321aCY
¥ 3,4,5 - Homepa NpPOOHLX MEOLEAEN.
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yJIHTHBHOI‘O ROTONHATEeNbHOrC TPKPOCTE NG 3anacy
1,2,5,4,5 - romepz mpofuux Tuiomanedt.
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CA coflepxaHHe XpoMa, KeNe3&, CBHHIA M JIp. 3NEMENTOD (puc.
6). NpoaBadercn TEHICHUMA H3MEHEHWA HEKOTODPLX XiM4UUBCHUX
ceofiers nousus Tak B 30He Bo3delcTBHA 3ArpPAHEHNA DEEKUMA
nousu MeHastca or 6,56 mo €,75, cogepxatue OOMEHHLX OCHOBA~
it or 20,6 no 36,0 mr sxs/ I00 r nounw, a Bie pauuofl 3o-
HH hOJIMYECTBEHHHE 3HAUEHHA DTHX Mnoxasateled COOTBETCTBYOT
CHBLLyCUUM WHTepBaJaM: pH” g or 6,15 no 6,35, copepxaHue of-
meHHrx ocHoBanu#t or 9,2 18 25,0 mr sxe/I00 r noustl.

5. fo I965 r. apeBocTOM OTAHUAWTCA MONOKUTENLHHMYA U
HeyOuBanMy 3nauenamMu RAC, Creyer nopuepcHyTs, UTO HY
B KOeM Clyuas 3T0 He OGYCJOBJIEHO LFKAMUECHUM XApPAKTEpOM
PEKYIlero NPUPOCTa WM BO3PACTOM Jeconacaxnetmit, llaoGoper,
KBK CHefyeT U3 puc. 2, B 3T POAH TeKywuil mpupoct no aanacy
oBpasyer Jrabuabtull nuaxopauuid Tpery. OueBUAHO, (IPH HEBWCO-
KOM KoHUeHTpaimu nosanoTaHTH cynsphocdaTHux 3uB0L0B OHAIH-
BADT CTUMYIMpyOUlee BO3ACACTBUE, NPEINOJOKHTENbHO uepes ynyd-
weHWe MUHEpaNLHOT'O NMUTA&HMA AepeBbeR BeledctBre 06pa3oBa-
1A GocfopHUX W A3OTHHX COefMHEeHUH,

6. MojoxurensHoe BAMAHWE UCNONLIOBAHMA OUKCTHHX CO-
opyxeHull craswbaercAa HewefneHHo. OHO uerxo npoaBaAAeTCA Y
BCEX OlEHWBAEMEX JeCOHAcAxXNeHMA HAR TperbeMm 3Tane, KOr4a MX
anaueHun RIC xoTa U oTpuyaTeNbHH, HO ¢ ABHUM BO3DACTALIUM
TPOHAOM. JTO O3HAUAET, UTO, BO-MEPBHX, JuXe CHIBHO MORAB-
JIeHHHe JepeBbA COXPAHADNT PEreHEPATHBHY® CMOCCOHOCTH; BO-
BTOPLX, DeaKI{UA NEepPEeBLEB ABNAETCH HEOMPOBEPAMNEM GUOMHAU-
KAUMOHHHM [JOBOAOM Npu nNpoBepke SYPEKTUBHOCTM PAITNUHBX
OUYHCTUTENbHUX COOpykxeHHi,

7. B ycnoBusx aprTURYJIMPOBAHHOrO penveda gepeBbd, Mpo-
M3pACTAOIMA HA NOBLBHHEX MECTAX, NOBPEXNBKTCA CHIbHES.
lpoGHue rurowagu 3 ¥ 4 38JI0MEHH pANOM: 3 ~ D MEWIOHHOE MOHH-
xehne, 4 ~ Ha Bepuwne goin (pue,I, radn.?2), C 1950 r. no
HacToAllee BpPEMA TPEHOOBAR JUHWUA peakiuu ApeBocTod 4 mocros
AHHO HWKe cooTBeTcTRyOueR m.mm aaa gpepocrod 3 (puc,4). |
Perenepaima xe GucTpee nporekaer Ha nosugsnax {(puc.3). o
BCelt BAPOATHOCTH, B R&HHOM Clyuae 570 OGYCIOBAEHO noHyRe -
HuMH floMHOTON ¥, ClefoBATENBHO, MBXKOHKYDETHLMK OTHOWEHMA~-
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" Puc.5, UsueHeHus peaxiyyu NpeBOCTOEB B
rperTbel npoSkofl nuomanm.
Zy - Tekywuil npupocT IO 3anacy;
RAC- rexyunih gomomnuTeNbHuH mpUpoct
no sanacy.
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Puc.8, Koadduimenr aHomanuws (Ha) cogepxanus
THXOANA MOTA/IOB B XBOS [0 JTANOHHHM
TUIOWAD AM » ' s ,

8. JipesocToll Ha Bropod mpoGHOA MomamM xapakTepusyer-
ca nosemeHHOR yyscTeHTenbHocThl (puc.3), Tlo cpaBHenuo ¢
necoHacaxaetuamn 1,3 u 4 Bo Bpema ycuieHHoR aHTponoreHHod
Harpyskx (1965-1961 rr.) ero dmaumonoruneckoe cocrosHue
yXyRusnoch HauGonee Gucrpo, Taike mo ypoBHO RACou ycryna-
er apyruu, OgHako Ha cHuxenue sarpasnenwa (I962-1967 rr,)
H 0COGOHHO HA IIPEKpAIEHHE BMUCCHY TIGIIOTAHTOB OCPABMUECH
AGpeBbﬂ 9TOI'0 JIeCOHACARABHWUA OTBEYANT BHPAXSHHLM [10BLENS~ -
uew RAC . OueBugHO, 0TO ABAGHUE OGBACHAGTCA HOCKONBKMMH
npuuuHaui. Bo-nepeux, sfech GKesnNBAETCA BJIWAHWE BOapacra,
TAK Kax paccnarprBasMni gL.8BocToR Ha 20 JeT MONOME ADPVIMX
(ra6n.3).. Bo-Brophx, B peakimy LepeBs8B STOTO NECOHACAXIS~
HUA NPOABAAGTCA Bo3gefcrBUe BeTPOB 3a GUONOIMUECKH HAHGO-
X80 AKTHUBHHIA BeceHHWA cesoH. B orTo BpeMa npeoGiagapr ce-
BepHHNO W CABEpO-3AMAJIHHE BeTpa. B TpeTbiX, K 0COGCHHOGTAM
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3TOT0 ApEBOCTUA OTHOCHTCIT TaKie HCKNGUMTENbIO HMOKAA NOA-

HOTa, MO KpaiHed Mepe, mponondanuanca yse 20-<5 ner.

9. [lph oucHKe peaKli¥ NECOHACAKKEHMA MCNONL30BaHI TP
nokasarenu sanaca: RAC - rexyunh ponoanmrenvhuit npapoct,
RAL - KyuygaruBHLiA QOMONHMTENbHEA NPUPOCT W Zy - TeKywwii
NpUPOCT HAJNMUHOTO APSBOCTOA. BCE OHW CONOCTULIMK MEXILy
cOGof ¥ ,0TpaKAA PL3NMUHNE ACHEKTH PEaKUMW, BOMONHAOT ApyD
apyre. OgHako Bepywas ponib npuxapgexur RAC, fananch wautiw
Z) + OH XapaKTEPU3YET €XELOAHOO PEaKLho AepeBbeB B UilC-
ToM Buge. Ilpy BTOM ero 3HaK CBMASTEALCTBYET O MOJNOKMTCIb-
HOM WJIM OTPHLATENbHOM BO3AcHCTBUM ONHEHMDBASMOrO (aKkTopa.
Beigy Bucokoft uyscwsurensHoctd RAC caywur womtuectoetinoi
0CHOBOW QNS BHABIEHUA 3KOJNOI'MUECKOTO COCTOAHNA REPELLER.
ZM xe nokaswsaeT OfiulA X0l pucTa ApEeBOCTOEB, & LArGHpuM-
ueckun pashuia Mexny Zy # RAC- unrencuBHOCTL GOpMUpOLuIi
CTBOXOBOR JuTOMACCH B HEH3MEHEHHHX ( N0 PACCMATDUBASMOMY
Jaxropy) ycnosuax npouspacranua., RAI xapaxrepuayer rpein
HakamMbaHuA sdekTa Bo3felhcTBUA.

I0. PeaynbTaTh [AHHOrO WCCAefOBaHUA NOATBEPARANT BH-
COKYW MpHCII0CO6AEHHOCTh NPHMEHEHHOR METOAMKK A KOMWuect-
BEHHON OLEHKI BO3AEACTBUA PA3NMUHEX (AKTOPOB HA JeCHHE DKO-
cucreMd. Hpome TOUHOCTH M ONHG3HAUHOCTH XAPAKTEPUCTHI pPe-
aKL4K HepeBbeB, MalOTPYN0EMKOCTH M MPOCTOTH NpoBEfeHiia no-
NepHxX paboT, OHA OTJHYABTCA COMOCTHBMMOCTBO OLEHOK, NOJNy-
UEHHHX B PA3JIMUHEX reorpafiMueckdX M 3KOJOTHUECKAX YCAObLMK .
Ax. MH pexomeHiyeM ee B xauscTBe YHUPUIppoBAHHOR MeTonukM
MOHH'TOPHHIA Jeca.
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AKAIENMA HAYK EwrCCP .
CEKIMA JBCHOIO XO3AHCTBA 30 BACXHMKa
JIHTOBCKAA OPARHA TPYAOBOM0 KPACHOIG 3HAMEHH
CEXbCHOXOSARCTBEHHAA AKAXBMUA

MOUMTOPHHI JXECHHX JKOGICTRM
Tesiou 20xIa10B HayyHoR xoudepeHipu
(Kaynaa, 05-06.06.1986)

Kaynao - Axanewnn 1986
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HA36MHHX OPTraHAS8MOR (MJIBROMUTADMAX, ROPHEBOM MEPUCTOMH A0
TeHHH,. AML ¥ DAHHUX OTANMA NUYMHOK HACEKOMHX, AL OTHN H T,)
HAXOLMTOA B NPBHEJAX ONHOI'O MOPANKA i ONpeleNAeTCA panuoyynos
TBUTOJBHOOTED XHBOHR KJAOTKM Ha CTagM4 J6J6HAA. B TO xe npenn'
B3POOJNE CToIMH PABBATHA 8TAX OPraHUsMOB MO panuoqyscraure{
HOCTH OTAH9ALTCA HA 3~4 Dnopanka. [loaToMy B pamdO3KOJIOTHR A6

TEeJABHOTO MOKPOBA WM NONYJNAIMA H8SEMHHX NMOSBOHOYHLX NRMBOT
B oKOmepAMEHTAX O EHEWHUM OGJYYeHHeM NeCa ORACAHH CJIY4BHM,
18 NpPEBeCHNH ApYyC BCONTWBAJ HOCOMHEHHO® yrHereHne a MHOTH6

PESKO YBOJMUMBALM CBO® YACAEHHOCTH.

lloaToOMy NPeNJATAGTOA NJIA HOPMADOBSHHA M3MEHOHUN 3KOCHG
TEM B JI@CHOHl PANMOBKOA~TUU YWHTHBATH HE TOJNBKO BOSMOXHHE X0~
80BHE HATD) "KH HA Y6JOMEKA WA HABEMHNX XUBOTHUX, HO M HA K]
THYOCKHO OJIEMBHTH BKOCHOTEMH, KOTODH@ MOI'YT OHTH JoJiee 9yT

NIOKaBATOJIEM,.
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OEHKA PEAHIMM APEBOCTOA HA H3MEHFIUMMECA YCIOBUA
SATPASHEHMA BO3YXA

U.luena, O.Huxopewyc, K.Paman, A.Cxyspa
Xarsulickuft rocymmsepcurer iu,[l.Cryaxu, Pura

Hecrenopana peaxuysa WHCTOrO OZHOBOSPACTHOT'O COGHAKA
inetum hiyloco:ioswn , Cpefia MPOM3PACTAHHA KOTOPOro OTAM-
YaercA pe3koil BpeMeHHOR W MpocTpaHCTBEHHON reTeporeHHOCTbHD
SAIMPASHEHHA WHAYCTPHANLHEMM BWGpOCAMK. 188 OCHOBHHX MCTOQ-
HHKA SMMCCHM NOADTAHTOB PACMOJOXEHH HA MPOTHBONOXORHEX Xpa-
X COCHOBOro waccupa, Ycrounuk A sw6pacwBaeT 3aPrpASHNTEAW ©
nocrosAHHo WHTEHCHBHoCTHD. PaGora ucrownwka B xapaxrepuay-
 0TCA yerupbMA nepuopamu; I - 1946-1956 rr., npoMIBOZCTBO M
| SMMCCHA yuepeHHo Bospacranmue; [1- 1956-196I rr., no cpabHe-
iom ¢ 1950 r, Bumyckx mpoAyKoMM nobucuaca gBa pasa; Ul - I961-
I967 rr., womHoCTb 3aBOAA HE YBEAHUMIACH, 3ArpASHOHNe CHU-
ZANach BCNSACTBH® YCTAHOBKH OWHCTHLX coopywerud; Y ~ I1967-
'1962 rr., SMWOCHA NOADTAHTOB IpeKpAmEHA.
B xavecrBe noxasareas peaxiMH HCNOAbLIOBAH TONyupsit Ro-
[ ‘noxxurexbHuit nppoct no sanacy - THIl (lnena H.fl. Egwnf me-
a“ron TAKCAIMH PEaKLH@N JPeBOCTOM HA AHTPONOreHHO® BO3neRcrane.
locoaeneuue. 1985, 6). B6xwau mcrowmna B (I-3 xm) sazoxe-
HH yernpe, a ucrownuxa A (0,6 xu) - opHa npoGHue nwomagu -
m llo pesyapraram oneHxu (pre.) A6XADTCA CASLYLIME BWBOAM.
bt 1.Ha Bcex Il HaGmoARSTCA QOTKAA IABUCHMOCTD PeaNIMM
| ApeBOCTOSB OT BOSMEHCTBMA SarpAdHWTessd BOo3AYyXa.

2, Bee I naxonarca B onHoR 3o0He BosneHcrsua. Pasauwua
» TAIl sa nepuon ¢ 1946 no 1967 rr, odbacHavrca durTomeHorM-
WOOKMMH M 8fadiyeckumi ycxoBumdu, passemenswem [l no orHome-
[HHO X HampaBXeHun npeod. aqenmero BETPA, XADAKTOPOM M MOR@-
" HOCTHD BHGpOCA NOXDTAHTOB.
; 3. &nauozoruwecxoe cocromme gpesocron Ha maroR M ne~
F’yﬂomo YXyAmASTCA, TAK KaX, Hauumaa ¢ 1957 r., sHaweHun
.ero THI orpuiareanHu, OroT ApeBOCTOR HAXOR:.FCA HA PaMM
| BOJHOR ROrpanam,RT0 NOATBOPXNAGTCA YRO NOAPMBRIKMMCA BN~

il

——r
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AYANbHEMY MPHAHAKAMH: WIMEHEHWeM OKpPACKH XBOM, W3PORHBAHN-
8M KpPOH, YCKOPOHHHM YCHXBHWeM BeTBell, BepmMH ¥ [eSHX Je-
peBben.

4. B peaxmmn apenocroen I I-4 onHO3HAUHO MpPOBAALTOA '
BHUIEONHCAHHLE TNEPUOAN H3MEHOHUA WHTEHCHBHOCTH BHNYCka Mpo-
AYKnuM HcTogHuka B. .

5. Jlo 1956 r. apeBoCTOM XApAKTEDPUIYOTCA NOJOXUTENLHEM
n HeyGusaomud TIII, OueBuNHO, MpPH HEBHWCOKOR KOHUESHTDPAUMH NO=
JIOTAHTH ORA3WBAOT CTHUMYIHpyomee BO3feRACTBHE, MpeAnodoNHTeNbs
HO 4Yepe3 yJyuuenue MuHepM'buor-o IMTAHNA HepeBbeB BCJIELCTBNO
o6pa3osanna PocPopHEX M BROTHWX COenHHEHWR,

6. C 1957 no 1967 rr. peaxuued ppeRocroes oTpamaercd
nonapafAnmee BO3REACTBUE 3arpA3HeHHA. YcraHoBneHue B 1962 P
OWMCAMTENbHHX COODYROHMA BHIBANO MOCHOROBATEJILHO® MOBHMEHNS |
TA. p

7. locne npexpamexna BwGpoca sarpasnureneh p 1967 r,
HacTymuna pereHepaia cocHakoB. Ha [ 1,3 u 4 oHa npoucxoff
IH OSMHAKOrO MERJIeHHO W MPUMEPHO C NATHIETHHM ONA3JAHUEM,
Ha Ml 2 oHa OTIHGAETCA HEMELNOHHMM W ADKIM MOBEMOM. IIo:mAi
lleHHAaA WYBCTBHTOJbLHOCTb BTOr'O LPEDOCTOA NMpOABAAETCA O [
OwenngHo, 3T0 ofycroBneHo Bospacron gpeBocroes (80-90 u 60-
70 mer CoOTBETCTBEHHO ),

fNT

Al

o

8. Honmxermne THJl 3a nociegHue r'ofH NEpHORA OLEHKN HA -
pcex [Il MATepNnpeTHPYOTCA WIM KAK [OABNEHW® HOBOI'O HCTOUHNKA |

3arpA3HEeHUA, WAR K&K MCYepNaHWe pereHepaTHBHHX BosMoxHocTed |
N

_JPeBOCTOeR.
Tan

T‘\’D /_\/\2
T 0,40

s Nealn,

I

Prc. JuHemuxa peakimu Apesocroes: 1,2,3,4,5 - nomepa npo6-
Hx romages; I1,11,0,IY - nepuons uaMeHeHHA SMUCCHH.
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X0 Coutd A0 MHIKATOP SAPPYBURIUS JICOB TG LIl b1
AUTDEA LA

W.B8Jlaeysona, B.T . flpuuuxko
borrumguccwnt ueruryr Al CCCP, Jlenmirpan

(TeHOGHOACT BOHHOS UIMOPEHAS 3APPASHGHUA NOCHLX DKOCHCTEM
et Merastaamit (TM) CBHBAHO ¢ ONPONUTCHHNMK T eXHMULC KUIAMA
H MUTOIWITOC KM PPYUHOCT AMI, A C6Tb WBMOPUTCALINX CTaHiul 10-
K& HG ociicupaeT HeoGxonuMmux norpedilocrelt, llosTomy auvcrTuA
(Xnoy ), KAIC CAMIIC UYBCTBATOALHWE OpraHi PacTCHUA K nelcrsio
MIOIMK DIOJONHUOCKNX JuIccopol, BKIWYAR W arMOCPepHOL 3ArpA3-
HGHWO, MOPY'T Oulb HMCICJALUODAHN B KAUBCTBE MHAMKATOPOL PA3JNM-
QX SALPHINHTCACH,

lHasm Gina npegnpuHATa MONNTKA BUALWTD XapaKTep HaKoie=
HHR HMKCAS W MU/t B PA3HOBO3PACTHON XDOS COCHH QOLIKHOBCIHON
B NPOCTPAHCTBO W BpeMelin, WCCHeNoBAHWA NpODBOAWIHCE B 140J10|HX
(30-40 Jner ) CenepOTAGKHIX COCHOBWX APUBOCTONX, WCMHTHBAANNAX
posfercroe ATMOC]CPHLIX BHOPOGOS KOMGIHATZ BOTHON MHTANAYD-
mu (3oHn II n III) W 3a npegesamy UX BILASHEA (sona [). 3oHu
sunenolu 1o B.A.Anekceeny i B.T.rpuuuko - (198h ), O6pasii xuou
orbup:uich B 1982 1 [984 rr. M QHAUTM3UDPOBATCE MBTONOM ATOM=-
Ho=aBcopbioniiof cnekrpoloTOMETPUN. Pe3yabTaTu wiANN30R lpe=
JcramicHy B Tabrvie I,
| B jonomx gpepocrosx cocHu (aona I) comepmuime Ni u Cu
B XBOO cocTawW T B cpeadeM 3,3 u 2,8 Mp/Kkr abc.-cyx. B-ba
COOTBOTCTHOHNO . {ON6WIHA B HUKOMICHIN YICAIAHHKNX M TATJI0B B
06 PA3HOMO LO3pactTa HEBOIMKM W HXOANTCH B NMpOJCIAX OUHCIM
¥IMepelina, XBOA 346Ch XOPOWO PAIBITA M M PKWTCH A NOPOuBb AX
68 naer,

B noHe noupexneHuA NOCHIX dkocHceTeM (sona [[) nadnonae-
Yon ybenuuenue concpkad.s B xsoe Ni o IS pas, Cu jo 5 pas
™ cpasieiito ¢ xourposied. Conopxadne Tid B oyHoncTHe! Xuoe He-
SKOMLKO BLME, Y6M B XBO6 TCKyTLlero rona. B xmoe Gones cTapue-
10 BO3pACTA YyReJWHueHUA conepxanus NI u Cu ne npoucxoqmr. B
0/ 30H:. CHITRAGTCA [IPOLOJUXHTEABHOCTD XiIH. XPoy ¢ 6-8 no 4-
b (6) ner, xropo3uue NATHA WM TOYSYHHE HOKPO3K RCTpen4ored
Y8 Ha onHoserHel Xxboe.
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ROOPAVHARMO:HHU] UEHTP 10 HAYMHO--TEXHUYECHKORY COTPYA~
HWYECTBY CTPAH~'UIEHOL C3B 110 NIPORIELE XIT "PAOBAJIL-
HARl CUCTEMA MOIIMTOPVHI'A OHFPYEALGEN CPELU (TCHQC)"

I'OCYAAPCTBEHHU® KOMWTET CCCP {10 MWIPOMETEOPQIOIiM
K KOUTPOND NPHPOL:I0A CPERU

FOCYXAFCTBEHNUM ATPONPOMULNENHUIT KOKNTET JHTOBCKOI COP

JALOPATOPUH MOIWTOPHHTA MPUPOAHOH CPEAH W IJIMMATA
[OCICOMTHLPONETA W AH CCCP

JABOPATOPHAL MOHWTOPUITA JIECO3 NMPH AWTOBCKON CXA

DHOMOIMTOPHHT JQECINX SICOCHCTEM

Martepwanu MewnywapoaHofi mkomu - cenmwHapa
(Bunbhoe, I7-18 wapra 1987r.)

Huynac - Axanemns 1947



Penakuwo'nan xoarerva: Awrananrwe B.B, (npesc.),
Dxuwe P.A., lruerapiiene Mo, Nactayckue Vobo, Jmurepuc bk,

YA 630%18 + 561,5

BHONOIMTOPHHY JFECHLX JHOCICTEY T Tavepwany Fewayusponiod wo.n-
ceminzpas (Beatuoc, 17-18 mapra (907 .30 / Pei. koun.: Auladui-
mic B8, (npere.) woape-/Mpeancaosweie, 5/ ¥aynsc: /poranp.
"Papae”/ - 1967,- 268 ¢., ¢ puc. W tada - Koopaikan. weurp bo
He-TeXUIY, COTPYRHEYECTEY CTpad ‘tneror CoBano noodnere “11
IChCa . Pocsoutyiporer CCCP, Tocarponpon  IuglcP, Jabk 'aciom-
PRLPOMETH W All CCCP . Jub aecow npi JoiCXy - B anie ¢o. pe-
JepuTU ROKIAAOB Hu alltd. 3. Giepzaod Kodwirepsca),

3 coopunne 94 mokaanu,

Jcnosiod 3ada'led BKOAU - COMWHAPAR OHJI AHAAWD COCYOAHNA
DPOCPBEMIOT0 1 KETOLHHECKOTD OCBCNEYLHIA 1055010 W PErHouant-
HOTO MOHWTOPWHIA JNECHUX JKOCHCTEN N0 OGHOAOTHUCC LN HOKAIY /=
AAM N BUPSODTKA #BYUHI-0GOCHOBAHHNX |LEKOLPHROUMA 116 OPEKIICE -
KOMY OCYu{QTBASIND LOHOBLUX BHOAOIMHCCKNX Hadupaen e Guoio 1=
rouax n Crpadax - unewax Colu,

Frrephaau ieza YNAPORHON WHONL-COMMitapa oD YA RUFO N4 [0C AR
€8 OKOHYMMEA 363 V3 LeR2 RTHPUBAHWA M DCPCIEqaTeil L were iy,
BPERCTANECINGED @ Dy ODAak (€ HeROTephs CORPIE LA,

@) iy, T



ABACHKA OIEHKBAGTOA BUCOKHMH KODJDHINEHTANH KODpEARUUN, nopuu
0,7-0.8.

MipeacTapnADY WHTEPEC PE3YALTATH MHAAMIA ORYYAEB ANOWAAGNMX
anavenud pi ocaakom Ponosux nywxton perwonn (rada.l)., Hamdozee .
Huakwe 3navenwn pll ocaaxon (4,1-3,7 pll) wadaoaantca,oduwno, Rors(
pH 3aNAAHOM, Nro-3analloM NepanoCt B CperHen m nepxiel TPonOCH
pes pervoll y 3emioR NOBEPXHNCTH HAXORKHTCA (10A BAMAHWENM BOANOBMK,
BOSMyweHuRA, NRPOXHEA YACTH UWKAOHA WAW AONOHHE W HpPONTE BNIOINNW,
HoMuBHBEHA KHCHOTHOCTH XAPAKTEPHA OCAAKAM MECTHONO DPOWCXONAESNN
KOU'RR Perwod WAXOKHWTOR B DPAINNTON MAJOTPAAHEHTHON OaDWIOCKOM. BO=
Ae. JTO YOGAWTEALHO CBHAETEALCTRYET, HTO HAA HAWNN PErmoNonN ONmEC
A€HWE OCAMQKOB W OKPYWAUDUER OpPERU OCYOROBAEHO RBALHMM nepemo-.'I

Inteparypa

t. Ignatavidiend I, Atmouferiniy krituliy oheninde lu“llol Ilml-hrgu
Lietuvoje.~ Ceonrafinis metrabtis, Yilaius. 1969. $.10. ..., . ¥dfis m
wa ‘p.;_

¢, 3aukta atmocdepy OT 3arpasHenus, bun, 6, Onpoxonmo lel‘
sarpadneins  arsocdepu Luwiok llpudaarin (aannve 1960-I1%W1 re,,

llpenza) Buapima, 1982 r, ]
Ry
3. To we, sun. 7 (asnuwe 1962 r,) tMaswpo, 1983, - "“fi'

I

. .,»
: v rdP ot g Ao
ORI s Bl

W, To w8, Bun, 8 (aanvue 1983 r,) Buavupo, Iv84,
5, To we, wun, Y (aaunue JY64 r,) Buaphoo, [985, el

6, To wo, nun,JO (aanimne 1485 r,) Reavnpe, 1986,
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] THAEJLE METAUN KAK WAHKATOP BAWINMA SATPA3HEIINA
i HA XUSNIEJESTEALIOCTD ARCIX BHOLLENIO30B

H.A.Juorma, 0.9.Huxonemyc, K.K.Pauan
Anr, roc. yn-t wm, I, Cryuru

B nocnsfiee BpeMA peINO YBOAUUMACA MHTGpEC K BONPOCAM pAC--
CTPUHEHHA M KYMYAMUMM TAX@THWA ME@THNAGB B KOMIIOHEHTAX OKOCHC-
Hak nokasusueT MIUONECTBO ANTEPATYPIHX HCTOUHHKOB, MOCHA-

OTOA TaMe, THREA® NOTENMH B CHCTEM® MOHHTUPHHI'E RUCHUX
CHCTOM PHCCMHTPHBUNTCA B JIBYX ACMROKTAX! BO-NEPBLK, HCNOAL-
BaHIE HX HAK "HocHYEeAel” HObOpuUAIUE 0 NPOCTPAIHCTBEHHOM H Bpe-
1OM pPACTIPOCT UHONUMK daPrpasleluA avuochepu [4,6 n ap.], wo-
opiX, BOaAENCTBHE HX WA XHMIiencATeALliocTs Guoru[6,7 w Ap.].
meKcindl 3Konoruueck Nuaxoa K onenke sdboKTa orpHUATENL-
80ON6RCTHUA 3AFPHINGIINA A N6COHACARABHHA NOIBOAUA HENM
JICTH HOKCTOPIR TIOHCHEHHA B 88 LONHOCTLI MepPelEHHLI® WAW CHOP-
Bompocu,

Hawn neenonopaiinA GuAW Mpobenaru B YHCTOM ORHOLOIPACTHUM
HAK® - bolovendonur  gpondpacTanaed B OCHOBHOM ha
MYHO Cpelne MORIGAHCTOR Muuve ¢ hecuanoR MarTepuiciiol nopo-
+ OTH ROCA NNUTENBHO8 BPBMA HCNUTUBAAF MBNOCPAKCT BOMHUE
AKuA cyneploudarHoro sapoaa, KOTOPUR HHXOUANCAH c9bepo-danaq -

HacAXAGHHA, 3uBof Oua ocHopad 8 189 rony w 4o 1967 ropa
TéNeHI0 YEeHUHBAN NPOWIBOACTUEHHLS MOWNGCTH W CUOTBBTLT -
HO HUTEHCHBHOCTD JAPPHJHAINNA DOMNYA6, B Kauscrse vcHoBhUL
‘MADTAHTOB MOXHO OTMETHTDL OKMCII 830TA W CEpW, EMKNUK, 8 THu-
TAXeNna Metannu, B nepuon puOTH UBBORA B H6CCHACURREINAX
NETABIHX TEPPHTOPHA HACAUAAAGCE TIOCTENSHHOE YAYJUUBIHG (OG-

, ycuxaine pepxywek, & ¢ 1950 ropu - noados ycuxnniuy 0Tiusb-
aepesues, [locie npexpaumenitn NPOHIBOACTHN MHHE BiuIbliLX Yo
puRt ¢ 1267 roan HauanoChb WBCTHUIAR PErEMEPAILLE YTild 1 8HHUX
‘peal,en. Onm.m) ¢ 1983 rona s OrO-BANRKHOR YUCTH KLCWHACHA -
HHY BHODL OTMEUANOCH PEIKOE YXYILIGINS COCTUMIIMA HapaBbel
) cpuBiiTenblO GoAbwoh TEpPPHTORHH TNPOABKACK HOKpOY XDOMW, &
RS YMEHLOEHHE OXBNEHHA.
Bavanue 18rPAIHAIMA KA ABCHYD DHOCHCIENY HECTC.ADBHAOCL
) oTBeTHOA peakii ApeBOCTOA W Mukpadononona. I knuccrse no-
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KRIATENA OTBETHOR peakiiy ApeBOCTON HCMOAKINBANUCH TEKymuA
A ponoanuYensHu®t mpupocTi na sanacy. Peaxia MukpoGoneHoaa
HAayuanach 10 H3MeHenuo ero moTHocTH. HomnonenTtHult cocrap )
3MHCCHII UCCAELOBANCA ATOMHN-AGCOPOIMONINGI METONOM HA CAefyD=-
nue oneMEHTH: Co, b, JIL,Ur 01, Us,dn Fe, 00, Cay e, s M oonpe=
nenanca 8 nouse (MofCTHAK® M WANOBUANBHOM ropi3onTe), cHere,’
XB08, A TaKKe B CIIEIGIANbHO JKHCTONHpOBAMINIX CharHOBHX JODYWKAX
Ina oneHku oTbeTHON peaKIM ApCHCCTON B 38BMCHUMOCTH OF t
YAAREHITOCTH [IBHTPA OMUCCHH M HANPABACHI TOCTIONCTDYOUMX BET=
poB GuAM danoketu nATh Mpabiux ruomanel, Hpoue obmenpuHATHX
TAKCAIMOHHWX H3MepeHUR 1a kaxnoflt npoGuof rwioways y Becex nepei
8B CO CTOPOHIW, HANPABAEHIION K NEHTpy OMHCCILt, ¥ NPOTHBONOAOK=
noft et mpupoctium Sypasou Hpeccnepa G Asgr o6Laaum RpeBe-
CiITE IR BUADNEHIA HAMEHeIMR Minianiky npupocra WHPUHN POAUY-:
X Koneti. B wauecTpe KONTPONi MCNONB3ODANUCH JANOBCAHLHE NECO-
HacuxieNnwa, HEMORBEPrIy'TUe HHTpOMOTenudy Bo3NeACTBUR W uMen-.
usty exojuft Tyn yreca, noanotvy, Kaace GolMTETa U KAACC BOBpaAC=—
. Queinta peakipin ipeBocToel MPOBOJIIIUCL 110 @ AMHGR MBTOAHKO:
[1]. MarcuaTiueckan o0paBoTia peaysbTuToB OCYWECTRAANACh HA
Jltf EC-T1050 w CM~-1 no nporpumman, coctauieiiinum 08TOPIMU HA
naukax spoprpan i Gedenie, .
JUist wayueIna i KaprTHPOBAHNA TEDPITUPHAALHOTO KIMEHBHHA f

MUEPOOHGIOTHYECKNT'O 1 PEOXHIIMIECKOr0 COCTOANKN NOUBH OHna 3a-
HOXelta cepin 1poGHE rovek, Towl Mo ToppLrupHls PACTIONATARKCS.
OTHACHTLALIIO [uBHOMCPHD, YulTUBUR Aannuadcnne ocobeitoctn ;
pectiueri, Ha kel npodioil rouke na mogervais U B ropuaonra
Npon3BoaAca COup NOYLEHILUX o0padinG Mo oUsenlpiisitoll MeToan-
ve. B omix ke roukax vkenovmpobamith [Ba Meonia nakery cdar- |

'

Lablds La0B,

U0I@s UHCAQIMNCTD MG GOPIAHNSION OHPELAEANNACH NOQCUBTOM
nonohmh i nouvention arope. JUne ¢ pejlenchs cojle praiua MaK-
PO W IRIPOBAEHENTOD NOMBY UPAKAAEBWIN ¥ 06pAGATUBAAN CMECHO
w3y JUOJ)-CCCTau aneuenTod # cllaritoniX nakevax on-
Jo Gt OGS PUIMEILUENNR | COXrelna B uyteauioll neur pac-
coventiorn Mavepitana (5 ). HoayuceHinyn scay odpadathBatu xoH-
v pEnpu st a30THofl W cosmc xncnoten, Kucnotn yaesamry
P EILGREM, OCTETIR JOJIU PRCTDOPANM D paaGaaaHHoR conpHoR
kiniore. Hoimenrpario dnencis on C)jpeuennay HE ATOMIW-a0COpd-
ol e podiorarerp2 Hoprwn-3rvep 03 ¢ s teLyomum 110pe-
coztol 1A 10CAIMTAHO CY) YL Bacy.

WM eepien xapuict apn 2T s Y pesna 2aPpAvICHNT cyBntparta
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eayauan noddmipenTy katinenpaisd (K ), Koropue paccui rlbaniCh
KAK OTHGIICHHE CPeAlel0 COmepRualtifd dNeMeiTa B COBCKTE K CpufA-
CHHeMy HOBCMY CONEPXAHHN, A OGMeH KORHLCCYREHHNN XAPAKTEPUS =
R YPEOBHA ANNMATLHOCTH B KuAILH TOUKE [ACHHTUIUICA CyMMup—
<l noKA3ATeIb AUPHA SHERM .,

: VOo6ulus pouyabiuTh FAPTOL pAIMPOIBAHNA TSXHODE I LIIOMA~
l.x:nml, MUKHO OTMETHIL, HTO AMMHULCKHE COCTILl MOMBY JG[id[1yeTCR
T80 1HOTOM Dh CUET nuNaacHA 3arpaanzia k3 arsectepu. Hpw orom
.“1NOQLU (:H'l(CHf"yuT CTATHAMHNG KOHTYpW Jalpaiielis, B KOTOPX OTFuU~
SIFROTO KAK MPOCTRANCTHEINMG, TAX W BLEMCHINE DATTAUMA MHSTOAET~
HET'O T PONONEHNLTO GO3NERCTBIOI. 1A BCCX FOPUIOHTOB NOuBH Go-
‘T'J'IIL'C UYHTCHCHBHOE HAKGIVIMBANNE JATPA3H G i D) eMEHTOB NROKHSXO~
Tdnur U ONANCTIARE, TA2 NpeobAdladT NONNLTeHTH 00i1ee NOJUHCTO Npo-
pexorletitd, Bonmonsaasnon popiaoire (phe.l) nekanmnaoren
= LRCCCHTH GLECE Pallifci'y TEXHOICHHONO NpuncXoshehia, lanpiep,
-'?B CRbBa=3uN: b HaC i RECHOMO MACCHBI OTLCHEhy NOBLEECHILE
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IUAHTCR CPABHMTEALHO Gausko K palee AeRcruymueny cynephocar-
HoMy 3aBOJly, MU B CTOPOIte OT NpeoCAANANWBIO MHPPALHOMIIOro
MOTOKA 34aI'pPHIHBHHA.

Puc.2. Houeneie TERywWero AONUAHMTEALHULO NPUPOCTA
7o daracy (w7/u): 1,2,3,5 - nouspa npoGHux
v Lajelt,

bregosartenvno, npit mnosectss gefcrbywunx ¢axkropon (3arpaus-
senny atHochap, Mameholde YPpOulA rpyHTOBuX BOR, pelp3a-
WOIAA 1HBPPYIRa) MeALy 3ulinldd JAPPASHEHMA NOUBU TR
HBTAN KA 1 OTBBTHUR pEAKIMER UNCTHX CGCHAKOB IPOCAEXHBA=-
TCA UCTHAR 1 pIATENLHAR CBA3b, MOJEONHOUAA OUPELOHHTH
MIHANNS LONKOFANHTOB M MILalieHMe lipHpOCTA Xecouacasachmil,
Qwiuro, noncxxrenvlan pesKUMA UPEBOCTOA M4 Npedpamatiie 3arpAd-
HESHA CylepdolquaThid JubUyGK MPU3EWIOro CAOA ATMOCHEpd  CBH-
RETCALUTBYET, YTO NJbLueiiidl ypoBeiis HEKOTOpPUX JAUMEHTOB B
nouso vor I,Ie uo 5,60) He okaIwBie? OTpilatdALHONO BOA-

EBRS TN N AUL poCtd COCHM oOuKHoBenioR, Doxes tora,m anewn-
PAILIHGA  mepy U401 LWBOJA OTHOCHTCA TAKA8 K O00WsMy KOAHUSSTBY
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mitkpaoprainamon B oucune. flo nawum pammm nuab conapxaine -
K4 B MOUBU XAPAKTEPHIYETCA CJaGod oTpiiviTenbHolM Koppensimeh
U = -0,45 npu L, =0,39),

Caegopartensilo, D GHCICME MCHHTCPHHIA JeCd ONpPeResnHHe
CONEPAA! M TAXENKNX MCTWIIOB B NOUBE, & TAKNE U JPYTHX KOMMO- -
HALTAX DKOCHCTCMU smeeT WhopmaTiunoe suruenue. Bo-nepnwx,

WA XOMUEHTParMs CLANCTEABCSTRYCT O N0LIWEIHIONM yPpuDHE JarpHd-
SGCHMA OKDVAANUCA Cpeuy Tarxe NMpyTHMA NOXANTAHTUMH, GHOMOPU-
'TCKH GONee aNTHEBHUMM, MO METOJNHUYCCKM TPYNHCE OMNpPEeAcTACMEMH. ©
Bo-sropux, Hasinuue TAKEIHX MCTANAOD B KOMIUHEUTAX DKOCHCTEMH
POKHO WCNOABIOBATD NP BUUEEHHI Z0H TEPPUHTCOPHANBHOTO pacnpe=
fesenin obuero ypobmd 3orpaaucnua. lpesuymectsn atorn noaxo-
j\a 0c0G0 MPORBAANTCA WA AECHWX TCPPUTCPHAX, IMOKA elje He UMeD=
X BHIYANBHHX NPHINAKOB AelPA&LNYA PACTHTOAbIOIO TOKpoDha.
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SHEVR

) 1} Uucnc OGBERTOR PerHOHMNBHOIC YLUBHH OCHLWOE JUAUCHHA 1IPHR8-
" oreA OMOCHepHUM BUNODOIMINKEY, D NPEACIAX KOTOPIKL NOCTORIHO B3y4aoT-
.4 DpRPOAiINE TROUHCTOME ¢ MUHINULHIN BIMIHHEM BHTDOLOERIIOrO BO3-
;oleﬁc'ruvm. et MonnTOpHra B OHUC]GEIRIK 3EN0BeIHHKAX ABAKEeTCA Hay-
). BHHE PA3BATILE NEALOANOIO JOHA KaK ecrecThelitioh OCHILL Jin (POrHo-

MpPOBSUHMI [IPOLRC OB H2MEHEHIA LROCHCTEN B COOTBETCTBY X NI POJHIX
enax. JUA Uel1[uabHOL UdCTH 30HH XBOFHO-MHpOXOINCTBEHINX NecoD,
WHKPUTHO JIN €0 CeBEpHOl uncrif, [FerOHaNLI 3TANRGHOM LeCHHMX BKO-

S MCTeM JIBINIETCY JIECHON MECCHYE KOPuHHON fupnalin [leHIpaabHo-NCceHoro

focjepnoro suncteniuka /I, owia Ha oCHUBICIX UEHHUCTER KOTORO=

0 - eHOBUY LUBNOLUSPLCIHUG JECBUCTOM, &0CUNMIHC LE BUTPONYTUS X0~

MicTsehol LurtedbiiocThe. OUsieM3LECTHO, Y10 D ROHWFOpMHPE CCull
n BHILIM HORA3UTCASCH JMPpeCCH CUy KT BO3PECTHAA CTPYKTy;y Nouysyunfl,

Nl vl NpHOOPE UL PELPECCHBILS. XefaKiep, oTO0 yXe Cuphauiini cir-
" TEODOIM, 8 SHICACHHS CHI'HANA KOHXpe1Horo (uxloja te Joie ecre-
ITBEHHUL HONeO8HNT HOBLACTHMX CTPYKHTYP CTHOCHMTCN i CROsibitd 36Hativd,
JPEOYIAUHI CHELMG LI NMeTOROB aluithisa,

B HaCT RNl [ubote LGCCMITPUDUETCHA ORI M3 JJuTHENTOB MuTO =
"M ONpeUe)EInl THOLEANELGR GHGiits" Wt THOLMABIILIOIO COoC TN "

OHT[OALIWA HuCAde!isg, RaK Gelivil WIA FTeXYiL B L OPHOINEY el

THEPOlVICHERX Mol LaSHOBOSLaS HX eabinton LNBD, Liciger o~

]
LIy TL, 410 B Coud, Cyusf iiefath 364a4d 0 bLUCpd Pondiild L YeluG-
BAN HELRpolee vl b, HOIUpaR NECLOLPUARNEIE LuCLMd TEY AL CLIGH]
CIPOHR L COUfa Lt HHECKNA NICKASaTOlEN UC Kexjud IRynhle i, woooson
BX o pabpalulaiiyy kiiedb, Hfopalorka nowain 4 oo noi thesial npo-
BOMMIACH My LHatliveai oK SRChepiuciraditiog ruvepin A /30 upudiux
WOL=HER/, SOl Lalt.Gl L e itol 6 [0 1o,
. HEs MCHeLs; Obar it bOIRACTHON Il GLGE GOH ARLG WH.0KO AChodL-
.lyll’u:n Liat il Loedh dda Lo n fulie J‘x‘x\hlll, KO'AO}.I.".". Qlaitl wd ne
WX HpePiv il Doaeit Lokstl M5 iiie BofSa . BWIH L ECNCRET 42,08 éy,uyv-
Bel BOS|-:Clhait » w ]y iy pti HOMYIuliling U HINGCTIuI CVLYRT, |8 ¥ RACTC -
[ VM [ STV L CT R S vy S TR Y I ERVIN S VACR IS I TLI TGP U S SN U I 7Y S SNVIUR O N OO 13 L A af . T S R SRR

/lt“";‘:'l"". ooty sperHetite el e it blenT Lig(:
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WL YHACTKOB HpHMenenHs Gopaocekoll #amkocTit. Pacnpeacnenite
TCXHOTeHHOH MeAH B pacirediddx conpoBoAaetrcs ee HdiooJbiet
KOHUCHTpAIUteR B ANCTLAX, HauMenbilell — B Ijogax.

Pacrenns arposanmunapros conepxar ao 0,19 unuka 8 sone.
Ocuosubie  GHOMrCOXMIMICCKIE  dHOMAJIH  9ACMEHTA  1IPHYPOUCHLI
K YYACTKAM MUOFOJETHHX Hacaxaeinit (caunt, inorpaannsu). Cpes-
il Axy nnka - 8, BoaenTpax anomasmtit pocriractr 300 Copous
TEXHOICHHLIX IHHKCOACPKALULHX KOMHOHCHTOB Hd NOBEPXHOCTH PacIc-
uifi npeobsanaer naa GHOreHIIbIM HAKOILICHHEM 3IeMENTA.

Boisigseno texnorennoe nakonenise Moauéaena s lIpHAOPOKHONM
pactutenbnoctii. Coaep:kaiiie sneMenTta B 30J€ LedTpaJLiLIX HacTef
anomaanii aocruraer 8,5-107°% npu oue - 107'%. Auoman
TPACCUPYIOT ABTOAOPOrH, IIHPHHA A[OMAJbHLIX MOAOC MPeBbIAET
| Kkuyomerp.

B 300€e npHAOPOKULIX AaupmiapTos conepxutea o 1. 10779
canuna. Cpemimmii Axp csitnia — 0,6, BDuorennoe nakonaeune 3sJe-
MEHTA 3HAUNTeNbLIO YCTYNaeT IOBePXHOCTHO-COPOLIIONIOMY 3aXBaiy.
FHa6uonaerca 1eKOTOPOE yBesHCHNE KOIEHTPALWII 3/MEMEHTA B [IPO-
IAUIHBIX KYABTYpax B YCJIOBIAX CBEPXHOPMATHBIONO NpIMeHeiia
MitHepaabLHbX yproépenni.

Conepaauite (pocopa B 304¢ KyALTYPHBIX pacrendii A0CTH-
raer 1095, (pon — 1,259%. Ochosrivle GHOreOXMMHUCCKHE diHOMAALIN
3JCMCHTA MPHYPOUEHLI K BHUOrpatiiikaM. Axy docdopa: cpeaive —
75, makcimanuioe — 230, Anonasiitit AXa i COACPMKANUA IACMCITA
B 30J€ pacTenitii NPOCTPAHCTBCHIO HE COBIANFIOT,

Buoreoximnueckne rpanchopmaitii 8 arpoaanmuadprax conpo-
BOXKJLAIOTCH  YXYUUICHIEM KAYECTBA CCALCKOXO3sificTBEHHOI 1pO-
JYKIUH.

0.3 Hukopemyce, KlK.Pamau, [1. A, Ulaprkoscerui
PACTEHHS — KYMYJUSITHBHDBIE HHAHKATOPLI
SATPSIBITEHHS TOPOACKONM CPEJLLI

Buoreoximiteckan HUANKAIMA TEHACHILIA H3MeN e 3arpasiie-
sl B [IPHICMHOM CJOE aTMOC(pephl OCHOBLIBACTCS Ha CHOCOONOCTH
OPratiisMoB HAKANIBATL B TRAISAX 1 OPraiax 3arpsisusionte sele-
CTBA HIH 11X nponssognbie. Iak nokasau naum decacaosanist 8 Pare
s Jlenmiirpane, pacrenust OKa3aauch XOPOUHA KYMYJUSITHBILIM Wy
KaTOPOM, O6LEKTHBIO OTPAKUIONUIN OTHOCHTLILULIT YPOBCHL 3a1rPsis-
HCHHSE FOPOJCKOR CPEALL THAKCHABIMI MCTAJIIaMI,

JLtst BLISIBAICHIST KAUCCTHCHHOIO COCTABA H YPOBHST KOHICHTPAILHI
HOJUHOTALTOB HAMH HCIOJL30BAANCL KAK JHCTLA If XBOA ACPCALEB, TAK
It CHEIHANDIO IKCNOMIpoBaLLble charnosue jsosymsn. Mxu (Srhag-
nun magelanicom Brid, woap.) s skcnonnposanus 6pannco i3
(POUHOBLIX HPHPOJHLIX MECT ODHTAHNSA, YAQACHIILIX OT HCTOUHNIKOB SMIC-
CHiL PesynnrarTul HCCARMOBATINS HOKAILIBAIOT 3AKOUOMEPIHOC BOSPA-
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CTAHHE COACP AU THACILIX MCTAA0E BO MXAN HO MUpe HHoBLITIC s
ROHleHTpaltin 'Jill'l)HJH)H()HlH.\ Beiltdors g HpHICMITOM  CAoe dilduoe
cepi.

Hakonnenue TRACHLIX MCTEIOB CPEBHITCALHO HOACE HHTCHCHBHO
NPOTUhaeT B HadadLiol crainn skcnoudposatit. Hakonenne sa-
CPASHSIIOINNXY  BUILCCTB BO MXOX CHOCOOCIBY IO TURAKC yMepCiilibe
OCAIKH, D10 0OLACHICTCS, BO-HCPBLIX, HPHMLIAL BOSCCTBHEM 0Ll
KOB, KOl Sulpasisionine sAeMeH T BHOCH IO ¢ JLOKACM, 8 TdRAv
BO3PACTAIONLE{l CHOCOBHOCTBLIO K HOIJIOICHHIO I YLCPAHBAIHIO 3811503
HAIOMIN BCILeCTB BAAKHLIM MXOM. Bo-BLOPLIX, HOBLILCHIAA OTHOU M-
TCALHASE BAGKNOCTL YBCIMMHBACT CONCPAQHIC THACHLIN MUTdI 08
B NPH3CMHOM caoe aTmocepl, TIpn 06HALHLK OCaakdaX BOIMOKHG
BBIMLIBaIME HUKOTOPLIX sdementol Ha 5 6090 (csnuna ua 30--60),
Wi 1 Raapinst na 300 8050, weavss na 5 2090), u 3asucasociy
OT MUINTCILHOCTH GCALKOB, d TUKAC O HACBLIUCHBOCTH MCTA L aMu
CPATHOBLIX JIOBYLICK. DI APYUHS (PUKTOPLE OFPAIIHBAIOT CPOK 3K
HOHHPOBANIE CPRrHOBLIX JOBYINCK A0 SIBYN MCCHILCE.

Kak  nonasuisac)y  KOPPCIsHONIER  anains, Npubansareinig
OMHUAROBLIL MeXannsM Hakonacing 8 . Jlennnerpane naeron cae.yy-
woutite saearentok: Cro Ni(r = 0,89), Mg u lFe (1 = 085), Sru Cu
(r=0,70). B c.-s. vacri Purn 06pasoBansch Huule KOPPeastitHoniie
naestanl: Zn, Mg (r = 0,75); Cr, Co, Ni, Cu, Cd (r = 0,68 - 0,70,
CaeioBaTe Lo, Hd  NaPARTCP HAKOIACIHBL OTACALHBIX  ZUUMCHTOY
B CPpairHOBLIN JOBYIHKAN HAHOOALUICE BAISIIIC ORA3LIBACT COCIaB HpU-
Mecei B onpusesnos caoe arsocdiepid. Flasin skCHepisenraanio sul-
SIBACHO, MTO BILL CPArHOBLIN MNOB, i TARKC LAHICALHOCTL BX XPatviil
B .-'lLlﬁt)')ilT()PHl:l.\ )'CJI()UHH.\ IIL‘|)L‘,’[ 'JI\'Cll()lIH|)()LHHHIL'M CYHICCTBCHIO hie
BANSHOT 11 XO:L HdROBJACHISE MC A0,

ITpn HCHOALIOBANIIE A4S ILHANKSULE COCTOSHIIE FOPOACKOT cpeill
XHMBUCCKOIO COCTABE JAHCTBUB M XBOI AUDUBLUB CCAYCT YUHTLIBH | b
perpedoBaiiti. Tar, 2 SHOTCOXHMIHCCROI IR A COCiy el s
Guparth BUL, NPOHIPACTSOUINE Ha Beedi 00CaCAYCMOR TCpPIiopHi,
HPHUCAE LCPCBLSL 37010 BILLL HU OB MO L WA TOAOUHUCCRIN -
JHAKOB (O0AUSHCH, CHALILIX HOBPCARICHIIT BPCLTCIBINMH, OrMupans
BOPe3ysniale HOATOILICHst Boi. n.).

[Toka Cule Heaoctarouio BLBCHCHO, HACKOALKO COLCPRAIIE M-
TAMIOB B IS TLHX OHPCACASCIU 2 ICMCH T aslll, HOCTYHAIOUAMIL B Pil-
CTUHHC HCPe3 KUPHCBY IO CHCTeMy. CPaBHIBas KaPIocXCeMLL, Hd KOTOPLIX
OTPURCHO COPUBOBAIIC OPLOAOB 3alPsi3icHis 10 LAHHBIM dilil s
HGUBBL, CHarToBLIX AOBYHICK, d TaRRC AHCILCH S, BIAHO, YTO il
OUILE COBNANLAIOT AHOND N, BUHBACHHLIC 1O PU3YALTATAM Qa1 $0
SOBYIHCK B A0cihes. O cioda MOAHO BPCAiuiari b, 4o JLadibie aia-
JdHsd AneTbel dACKBOTHO ()ll)'d)l\'i“(lf Jalrpstctie o lll)lllit‘hlll(h\l caon
ATMOCICPLL 310 HONTHEPALLCTCH PeaydbraTamil AByXdharropioiu
PErpeCCHBIOIU GHEAN3E, ¢ HOMONLIO KOTOPOro BLIsBICHO, STo Hd
HARKOIICHIIY SACMCHTOR B JTHCTLAN JHHILE B O0bHICE Creiei Basicr
KOWILCHTPAI 2THX 3ACNCHTOR B BOJAYXe, aesl oo nodse. Hanpinep,
HA COACPABHIC B JICTLIX CBHHIE CIO KOMICHTPAILIN B BOSAYXC B

1D



ster Ha 509, a B noupe Ha 2294, na coucpKanie MeAl cooTBel1ct-
pelio - - B Bosayxe 679 n 8 nouse 1694, na couepkaie menesa —

8 Bosnyxe 6595, B nouse 26%.
ITposeaetive HCCACAOBAINA YECAHTEALHO HOKAIBIBAIOT, 4TO TAKNHE

HHAMKATOPLI, KAK JHCTLA AepeBben It cdartosble npodbi, xapakTepi-
3YI0T AHHAMHKY 3arpsisHelHa HPH3eMuoro /oA TOpPOACKUll cpeabl

B HepHOA HX SKCcnouHpoBanlid.
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T IlTanosa

BHONEOXIHMITHECKAS HHJIITKALLHSE TEXHODIEHLIO
AHOMAJIHI BOJILMGPAMA B YCJIOBIHSIX
OONYTIYCTBLIHHOIO JIAHILIIITADTA

O61eKkTOM HecaeA0BaHBA NOCAYKIAO XBOCTOXpaHAHIILE BOALPPa-
MUTOBOI 1OPHO-060raTHTENLITOR (PabOPHKH.

B pa3anunulx ropH3oHTAX 11IECKOB XBOCTOXpAHUAHLLA COAEpKRatiE
BO/Ib(paMA CHABHO Bapbupyer, cocrasisia 8 cpeanen 0,15% n s or-
AeNbbIX cyuanx goctirasn |9%. B Bepxitnx caoix XBOCTOXPatHIHINLA
coneprkurca 0,11--0,459 wvoauppama. Hiknue ropusontu neckon
Ha ray6ine 5— 10 M NOABEPTAIITCS CEI0HHLIM 3dTONNCHINIM, H 1103TOMY
copepRaline BoAbhpaMa B HUX 3HaUNTeauno ke - 0,02-0,08Y9.

BuimbiBaeMblll 13 HECKOB BOJNLIPPEM NOCTYNACT B BOALI BOAOOTBOL-
HOrO Kanana, rie ero nakanausaerest 0,21-—0,45 mr/a. C sosami o
(IECKAMH XBOCTOXPAHHINILG, BLULYBACMBIME BUTpPOM, BOALBPaM lo-
fafael Ha OKpyKaloutyio Tteppiiopiio. Comepkatne Boiudpama
B NOYBAX OKOJIO XBocTOXpannanula cocrapiaser 0,05- 0,089, na pac-
crosttin 200 M — 0,01—0,29% u na paccrosiun Goaee 300 s —
0,005%,.

B pesysutaTte 3KCNEPHMENTOB N0 CEACKTHBHONY BLINLEAAHHBAINO
Mo4B ycranosaeno, avo HOY BOALPPAMI CBHIAHO ¢ COBCTBCIHLIMIY
mitnepadanmit (soavdpanmicron), 3095 — ¢ BOROPACTBOPUMBIMIL (op-
manmit, 1590 ¢ rdapookneaani aeaess o BY o~ ¢ rysmyconisi
RHCJAOTAMI OPraiiieckuil CoCTarAsIoUICH nous.

[Moaviie  6esnosesedabiast  (Artemisia semiarida), npouspacra-
outas PaBIHOMEPHO 110 [IOULAAN XBOCTOXPANMINILE, HARKIILAHBYCT
BojLdpan. BOaHIH XBOCTOXpAHILIILLEG B 304C 3TOTO PACTCHIA yCrd-
nosaeno 0,12 --0,149% sonugipama, na paccrosnni 250 s -+ 0,05
0,0695, 700 M — 0,005 0,019, 6ouee 1000 p -~ 0,003 - 0,005%.

Taxum 06pa3on, soibppas nonagaer wa IPIACTAIoULIE K XBOCTO-
XPaHitaHILy TePPUTOPIHI € (IOMOILLIO BCTPOBON H BOAHOR 3posiit it
OPA3YCT NOUBCHHLIC aHoMAIHH pasMepon 1o 160 merpos. HacTb Bow-
PpPaMit MOACT HARQIIMISU LY B PACTCHINX, B Y4CTHOCTH, B HOALILY
Geao3eMedbiovil, it JOPMIPOBATL TAKIM GOPA30M BHOTCOXHMEUECKY K)
anonaninio paisepoar ao 300 smerpos.

AL Tlokapaesciui
IKOCHCTEMHDITT KPYTOBOPOT H 3KOJTIOTO-
FEOXHMHYECKAS KJAACCHMHKALLHSE SJIEMEHTOB

BJILH‘()H'LI[)H HEHTCHLHOCTH ()[)I'UHH'JM()B B SKhOCHCTEMAX C)’lllt‘("fU)’L‘ I
OCOOLI THII IKOCUCTEMHOCO KPY2080P0TU, CBORCTBCHULIT COCMMHEHHSIM
a307Ta 1 ocdhopa H OTHOCHTEILIO 3UMKHYTLI B Ka A0l oTdedLioil
skocucrese (Kpusoaynusuit woap., 1982). Ou sisastetcst matpuueii aas
l\'|))’l'()B()|)()T()U BCCeX OCTUALHBLIX JICMCHTOB B SKROCHCTUME, ()II|)('118J17IL‘I'
CTCHCHL X SAMRKUYTOCTH, MEIPAILI0 3JCMCHTOB HO HHILEeBOR 1Leni.
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0,3.Hakogemyc, A Kamuna
/Para/

TEOSKQAROTHYECKAR OUEHKA JAHMUAGTOB TOPOJA

B nocnexHee BpeMA B E3YyYOHE® OCHOBHHX 3KOXOINUECKHX Ipodiem,
BOSHEKADIMX B pE3YJBTATE DA3BUTAA ropoioB, BRINIMNECH LDPSHCTEBH~
TEJM MHOTHX JMCOHONEH - rPSROCTPONTENM, SKOHOMNGCTH, CHOXOI'M,reo-
rpa¢u, MeX4KE, CoUmNOXOrH, OfHARO CONLIEHCIBO M3 HMX paccMaTpaBa-
8T KaKyD-AH00 9YaCTHYD Opodmemy, KOTOpas Re JAST OTBETA 00 8KOJO-
rudsckoll caTyallid B leJoM no ropoiy. lipepuaraenmad Hamd r'eosRoOJO-
TRY6CKAA CUEHKA ABHINGJHTOBR ropoid OCHOBWBAGTCA HA KOMOJNEKRCHOM nop-
JXON8 K W3V4yelyn TOPOACKMX TeoCHCTEeM.KaK NOKA3AJM HAmM HOCAEOBA~
H¥A B I'.Pure, TarR8A re0sKOAOIHYECKAA OLOHKA JOHEHA BKADIATE TPH
OCHOBHHX OJoka, [lepBuli GnoK cozepxMT RHPOpMALHD O NpapPOIHO-JAHI-
wadTHOR cTpyxType ropojia, OTENeHH ee Npeodpa3oBAHEA, MUKPORIRMA~
THYECKHX ¥ I'MIPOJOIHY6CKMX OCOCOHHOCTAX TEPPRTOPUM, CAMOOYHHEHUR
H yCTORYXBOCTM JASHMEAPTOB K SAUPA3HEHHD W ApPYIHM 8HTPONOI'eHHWM
Bo3jieficTeAAM, 8 TAKEe CTENERH YHHKAJALHOCTH JaHAmEPTOB B CBA3IM C
ux oxpanofi, Bropo#t diox BrapyseT RRGOPMALMD O CTEeNeHH Bo3geHcT-—
BUA GHTPONOTEHHNX (aKTOpoB (8arpA3HeHus,peKpealMsd,H3MEeHeHHe Ypo-
BHA TPYHTOBHX BOX B Jp.) Ha Jahmmadru ropopa. [pm paspadorke sTo—
ro 6ioka JUIA BMABAEHKA NPOCTDAHCTDEHHOTO H BPEMEHHOro pacnpocTpa-
HeHHA 8arpASHERNA HAMR yCUEemHO HCHOJB30BAJHCE K&K IEOXUMHIECKAS,
TeK B OMOreOXHMMYECKHe MeTojgu. TpeTHR OJIOR OTP4XAET OTBOTHYD DEBK~
LH0 TeoCHCTeM Ma &HTpoloreRsos nosnelcreae. [lpy oToM B KaYecTBe
OCHOBIIOI'O NOKABATEAA OROJOIMY6CKO# NLPOXYHYWBHOCIM MCLOJBBOBAMHCH
Tokymull B JonONHUYENBHHH LDUPOCT 38UGCH TeX YPYBECHHX ODODOM, KO~
TOpUS ONPOROAANT XAHMUAPTHYL CTPYKTYPY rOpofs. Sr¥ JaammadTHHE
BJCMURTU ABUALTCH CAMHUY JYBCTBETOELHUMA WhAd(STODAMA @HTPONOreA-~
A010 Bo3AsHcTBMA. lpy BuARNennd OTBeYHOd puaxiud JaHamafra Hema-
LOBGRHYD LOLL HI'DAESY WSYYOHHMO JRLDGCCHA DHUTATSNLHOCTH, TAK KaK
8TUT DOHABUTUAD ABLHETCA UEPBRYHUM OPHBH&KOM Acipafal®E JaHmBad-
ol orpyreypu, Npa reveronoraueckofl ofeuxe JuhiuadroB TOpoO)A BH~
K6/ANMCL BOCKOABKO ypOBHOH: P3IMOMESBKOR, nokuABHOR B JarmanchOR,
L3aamoNoBCTEME KINIUY LOPOKOM ¥ PAIMGId B0 MJUPOM ONPBHEAAST BHY—
TPUTOPORCKRYN UHESO DERUNE UMD MuiknTOPUY ML LDOAKE:] THYECKUX NOKRASE -
YUAOR, 8 TOKES CHMOOIMUBHWG ) .OudCROTG ey, B Pare caipud
ROACTRY NOWMA [ATAONE Livahi YUK C053MY VA% CA PRKCKUE BAXHEB K |
HoCHUY MACCUBH b OBLALVHOGTAX Tupui@, bLawdyd POAL (pd OCpaloBa-
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HHY MUKPOKTMMATRYECKHX CNEKYPOB OTHENBLHHX JAHINAPTOB W PACCEKBA-
HAM SAPDASHEHMA MIPall MEHAMRAECA NO CES0HUM IOCNORCTBYKLME BET-
pu. Tak saiamadrHeA cTpykTypa r.Pur# cnocoGCThyeT pas’stiTiL "0CT-
poBa Tenaa" HAX LUeHTpaldrHuB 4acTeD ropoja. B pedyibTaure npecdan~
HAHKA 38NAJHHX, CE@BOpPO-3anajiHHX ¥ Dro-&lARHUX BeTpub "0CTpon Ta-
wia" nepeMeseTCA B BOCTOYHOM HAIIPaBJAEHMA, JT0 1103bBUAAET H&OJUO-
JAaTh BHTEPECHYN KapPTRHY M3MEHEHHA TeMIOpaTypH BOUUYXd, OTHOCHTE-
JAbHOR BJIAEHOCTR B JIDYTEX WIHMATBYOCKMX NOKa3aTeseR, 4 TakEe ypob—
HA JarpAsSHeHAA ot {{8HTpa ropois K fnepudepsu, H EOCTCHHOM wacTy ro-
PON4 M3MEBHEHME BTUX LOKa3wTcaeR Ooaee NocTellelsue, 4Yeu B BaliaUHNA
YaCTH. OYPJeKT DOIpuHHYL01'0 BIMAHKA JEHAUAQTOB NPOCAEBUSABTCA THK-
Xe Ha JIOKQJILHOM # JulllafbHonM ypobHAX, CacluoBaTeALHO, OpH 1@03KO-
JOIMYCUKOH OUBHKE HeGCXOAWMO YUMTUBATDL Pakie BISHMOJEHCTEHE HAXO-
DAWWACH PANOM JuddadTob,

KonnieKcHaa e03kcA0IMIecKan oUsHka AuHALEPTOB FOpofa ABAAET-
CA OLHMM M3 GCHOBHHX KOMIOHEHTOB NPK pa3puCoTKe TepPpUTOPHIABEEX
KCMIIEKCHHX CXEld 0)PaLH Ipi PULH,

K.T.Paman
/Pura,’

POIIb KOHLETUHMU YHMKAREHOCTH JAHIMASTHOU OBOAOY:M B
JOPAMIPOBAHIM HHTETPALLAOIO 3KOJOIWIECKOTU [OLXOAA

YHRKEAEHOCTE B reorpadudecrom cumucsie NOJXKHA OUTh pulLMOTDEHA
Ha ¢oHe BcacOuMX (PyHEMMEHTANBHHX) W 9ACTHUX, T.e. MElee OOUWsX
npoanieHBfl (Hanpusep, JEITONOTHYECKHE XAPAKTE PACTUKY [IAHCT YoM~
HOR Tpyhuu). B taxom 8CASKTO YHMKuJBHHMA ABAADTC1 MHOTHE CBO{l.I-
pe 3emyofdl aTMocPepM, BKANMHA 63 KERMITHYECKHH peERi, HO uucUeHHY
Ha)M4{ad TRApoceph CO MHOTHME YHAKaJbHHME CBORCTBUMM e CyOCT.M-
oMK — BOOM B PHADOKTGUMABTHUECKOR OGCTaHOBRe NGHCTBYIUIMO Hd Jdu.i-
geckolf nopepxHolTd MM NEOLECCH HAKCQOAGHEA BeWcuTh W Tloiidop--
MAUdd SHeprAM Npube]d X APKO BHDAKCHHOMY BORACTEHHO-LUepieTiMec-
KoMy ed odorauwesln, Cosganachk reorpagadecxan 0060404ry ~ yHaKoJb—
HBA, HeloBTOPKMAN CHACTEMA.

COBOKYRHOCTL 8CMOTHYECKAX YCJOBRE SeMUCGH NOBCPXHSCTH, KOTO=-
PYD MOXHO PACCMATPHBATD hul NEPBHYHYR YHMK&ABHUUTL, MOIVIA OW Opd-
EQLTH K G8BTOXTOMHOMY BOJIHHKHOBOHEW M JAALHEefWeMY PI3BUTHD XM3HA
Ha Semze, & aaleM O ycIORAMBATH pasBuiMe odueciea. HoABrexEe Ho-
BuX ¢opM dmoTk'eckull i COUME/BHON OPraHu3&alMl MATEDEM B WX BBGH-
MOICRCTRAS C LONGTHMIECHBIM, KOTopGe HUMOONCO MHTEHCHMBHO NDOTEKA=
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1BLCKTHBHY IO IHAYHMOCTE 11PEAJIOKEHHON METOQHKH OUEHKH Ka4ecTBa BO3-
lytinoit cpesl ropoaa.

Onpenenenne WHransuMoHHoill xuMuveckoft HarpyikH no3BoNfeT Ha-
1Ry ¢ ARDPEPEHUHPOBAHHBIM HIYYCHHEM XHMHYECKOrO 3arpsa3iHEHUs BO3-
lyxa oTAelibHbIX O0BLEKTOB AaBaTh HHTErpasibHYIO OLEHKY KayecTsa BO3-
IywHoll cpenbl B 1I€JIOM, BbIABAATE PAaYIH4YHA B HATpyIKax Ha pa3lfiH4yHble
[OHTHHTECHTH! HaceneHHA (ONpeaesiRa MPH 3ITOM NPHOPHTETHYIO IHAHHMOCTh
;annoro obbekTa), ycTaHaBIHBATh FHIHEHHYECKYIO 3IHAYUMOCTH KOHKpeT-
IbIX ypoBHeil HHranauHowHofl xHMHYecKkoil Harpy3IkH ANA COCTOAHHA 310-
JOBLSA YeNOBEKa, YTO No3sosifeT palpabaThiBaTh onpeneneHHbIl KoMnexe
HrHeHHveckux Meponpuatuil, obecrneunsaroltnx ynyvwenune ycaosuii npo-
KHBAHHA HaCeNEeHHA.

Jinutepavypa

. Munecun M.A. Hayunbic ocHOBB! CAHHTAPHON OXxpaHul aTMOCEpHOro BOIAYyXa ropoaos.
M.: Meanunna, 1976. 400 c.

Cudopenxo T'H. O6 3¢pdHexTHBHOCTH MHIHCHHYECKOrO HOPMHPOBAHHA H NYTAX €ro COBCP-
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K 502.31(1-2)
A.M. Maypuus, 0.9. Hukonemyc, K.K. Pamau

3enensle HACAKAEHNA KAK HHIHKATOP Ka4ecTBa
ropoackoit cpeani

‘ayecTro ropoackoit cpenbl Bknto4aeT 6HONOTO-3KONOTHYECKH T, IKOHOMMU-
cckHii, KOMMYHHKaRHOHHBIA, XYNOXECTBEHHO-ICTETHYECKHIl W IOpyrHe
ciexTel. B 23TOoff rnaBe Mel paccMaTpHBaem MWL 6Gxonoro-akonorsu-
eckHil acnekT M HEKOTOpbie BOMPOCHI CAHHTAPHO-THTHEHHYECKOTrO M MCH-
ocounansioro xapaktepa. [lpencTaBnas ropoa kak eaHHyl CHCTEMY,
YHKIHOHHpPYIOWYH B coGCTBEHHOM NpoOCTpaHCTBe MW BpemeHu [5], ™Mbl
ACCMATpHBAEM CamMO KavecTBO cpeabl # BosleficTBytoule Ha Hero dak-
Opbl KaK eHHbIA KOMIIEKC, HMEIOWMIT CROIO MPOCTPAaHCTBEHNO-BPEMEHHY IO
npacTpykrypy. B 3TOM eAMHOM KOMMNekce B KavecTBe €ro cocrtasHolft
ACTH BBLILENACTCA TOPOJACKAf JIKOCHCTEMA co cBoefl CTpykTypoit ort-
*THON peakiltit Ha Te WM HHble BOIAEHCTRHA.

®dakTopbl, OnNpeReNAOILHE COCTOAHHE TOpoaAckoll IKOCHCTEMBI, MOX-
0 noapalenuTh Ha TpH 6noka: dakTOpbl OTpHUATENbHOrO BO3AcHCTBHS,
omnencpyrote s gakynprarisisie paxtopel. Bnok dakTopos otpu-
ATENLHOrO BO3ACHICTBHA BKJIIOYAET larpAlHeHHe BO3AYXa, BOALI H MOUBHI,
Bepible OTXOALI, WYM, BHEpallHIO, NOBbLILIEHHBI YPOBEHb 31€KTPOMATHHT-
Oro # pPaoHOAKTHBHOTO HINYHEHHA, HIMeHeHHe dnadHyecKHX yCToBHA
I TOM HHCJIE THAPOJOTHYECKOTO pexiiMa). B 610k koMneHcHpyOUHX
AKTOPOB BXO/IRT 03€fiEHEHHOCTh TEPPHTOPHM, BOAHLIE MPOCTPAHCTBA,
zkpeattiontulii noteduan w oup. K 6noxy daxynstatusHeix ¢pakfopos
THOCATCA NAAHUpPOBKA 'OpoONCKoOro paﬁoua. MHUKPOKJIHMAT H T.1M.
roponcxue ICSICHLIC HACAXKACHHA ABAAKOTCA BaXHeLINM KOMMNOHEHTOM

Ipyk1ypel nanmnadra ropoaa. suIONHAIOT cpefoobpalylouie H caHu-
)2
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TApHO-FHIHEHHYECKHE GyHKuMn, TPEJICTABIAIOT cobOil MecTo exejines-
HOTO H IIEPHOAHYECKOTO OTjbiXa ropoxaH, 61aroTBOPHO BIIMAA HA HX
HEPBHO-NCHXHYECKOE cocTORKHME. He Melee BaxHylo posib B COVIdAHHH
IKOJIOTHYECKH KavecTBEHHON cpe/ibl OOHTAHHA TOpoXaH HMEET NPHIOpPOa-
Has 3eneHas 3ona. Cpenoobpalyrouias posib 3€1eHON 30HbLI BhipaxaeTca
B COCAMHEHHH rOpOJd C €CTECTBEHHOI NpHpONOH, B CMATYCHHUM IKCTpe-
MYMOB MOTOAHBIX YCNOBHIi, 3alliTe ropoda OT CH/IbHBLIX BETPOB W Nbl/ib-
Hbix 6ypb. B cBA3IM c pocTom ropoaocs Bce Gonbuiee 3IHauMeHMe [pH-
06peTaloT couManbHble GyHKUMH MPHIOPOAHON JeNEHOH 30HBI — 030-
POBHTENBHBIE, peKpEaLLHOHHBIE, ICTETHYECKHE.

3enenbie HacakAeHHA ABNAIOTCA MOUIHBIM GakTOpoM 6Gnarorsoporo
BO3acHiCTBHA Ha KavecTBO TOpolUckKoii cpeuvl. Buiasneno, 4to | ra ma-
ca»aeHHit B Te4yeHHe wuaca norjollaeT B cpeaHem 8 Kr yrfaeKHcaoro
ra’ja, a TaKXe CYWECTBEHHO CHMXAET HAa CBOEH TEPPHUTOPHH KOHUEHT-
paliHio pa3dIi4yHBIX BPEAHBIX 3arpA3HHTesed BO3AyXa: CEPHOro aHrWApHAA
SO; — 010,27 0o 0,08 Mr/‘M’, ceposonopona H;S — o1 0,026 no 0,007 Mr/Ml
n oksck azota NO; — o1 0,22 o 0.007 mr/m’. Fpynnel nepepses 3anep-
*uBatoT 21 —86% nbinn v Ha 19 —449% cHiNKalOT 3Jarpa3HeHe BOIAYLIHOIM
cpeabl BpeAHbIMH MHKpoopraHuimamu [7]. Tlocaakuw rycTOKpPOHHBIX ne-
peBbeB B HECKOILKO PAAOB NOHHXKAOT ypoBeHb lyma Ha 8—10 ab u 8 npe-
aenax S0 M cHuxaioT ckopocTh BeTpa a0 209 oT nepaoHauanbHO#.
C noMoOllbIO 3efEHbIX HAcaxkAeHHH MOXHO pEryJIHpOBaTh PEXHM BiAX-
HOCTH H TeMnepaTypbl Bo3yxa B ropoackoil akocicreMe.

OnHoBpeMetHO 1lesieHble HacawAeHHA npeacTaBnarot cobod v vyTkuit
HHAHKATOpP KauecTBa Okpyxatoweh cpeabl. OHKM HrpaloT GHOMHANKAUHOH-
HYHO poNb Kak Ha ypoBHe GHoXxHMHueckoro, ¢pH3IHONOrHYECKOro, aHaTo-
MHYeckoro u Mopdonoriyeckoro, 1ak W gulopuctitueckoro u buoreoue-
Honoruveckoro otkaikon [[4]. Takas MHOroyposHesocTh BHONOIHYECKOIO
OTK/IHKA 3€/IEHbIX HacaxAeHHH Ha Bo3laeicTBHe 3KONOrHYeckHX ¢akTo-
poB oTKpbiBaeT GONbLLUNHE BOIMOXHOCTH ANA AOCTATOYHO WIHPOKOH 1 B TO
ke BpeMA AeTanbHol HHINKALIH Ka4ec1Ba rOpoAcKoil cpeasl.

OnHo H TO ke Bo3ldelicTBHE HA JKOCHCTEMY NPOABNAETCA C HEOIH-
HakoBOH HHTEHCHBHOCTHLIO H HAIIPABIEHHOCThIO B €€ KOMNOHEHTAX, B peak-
WHH HAa pa3lHbLIX YPOBHAX OpraHH3aulMH H [axe B COCeAHHE MHTEpBabi
BpemeHn. Heuepneipatowas HMHTaLHOHHAA Moaear 3TOH cnoxHefiLieli Bla-
HMOCBAIH peakUni GHOCHCTEMbl H AHHAMMNYECKOIO KOMMAEKCA BHELIHHX
dakTtupos Oyner cnvuikom noporofl — kak cama palpaborka aonens,
Tak H ee 3kcnayatauua. IOna pewerua npobiem ropoackoil 3konoruu
Heobxoaum Gonee npoctoit noaxoa. [Toatomy cBo#f noaxoa Mbl OCHOBLI-
BasKH Ha BuIGope MHTerpanbHbIX [o0Kalarveneil, goctato4Ho obobuweHHo
H AZEKBATHO OTpa)alolHX TpeHa npeacTasnseMoil Hmi cuciembl. Ho ans
BLIABJECHNHA TakHX nokalatenel Heobxonnmo npexue scero Beibpars Hanbo-
nee xapakTepHbIH KOMMOHEHT oueHHBAeMOI cucrembl. Jlna 3esenslx Ha-
caXaeHHH ropoRoR M NPHIrOPOAHOR 30HBI — ITO npexAe BCEIO COBO-
KYNHOCTh NepeBbeB (B JecHOM GitoleHose — apesoctoil). Hepesbs umeroT
CYWECTBEHHOE MPEHMYLLECTBO NEPeR APYTHMH XHIHEHHBIMKH dopmami ans
IKONOrHYeCKoH OlEHKH W poriolnposalus. [lepeBo fBARETCA perucTpH-
pytowtefi cTpykTypoii mgocraToqHo AnuTensHoro Bsolaedcreua. B cmoux
FOAHYHBIX KOJILIIAX OHO COOEPXHT PETPOCMEKTIHBHYIO HHPOPMAILHIO O cBOEH
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DIRCTHOM peakiiin Ha JKoJornyeckne (GakTopbl 110 KOHKPETHLIM roaam
¢ oapescHiuim paoM o 100 n Gonee ner. Becema Baxio, 4TOo OTBETHaR
PCaKILMA JICPCBLCB M HX COBOKYIIHOCTE JOCTAaTOYHO a/ICKBATHO OTPAXKAETCH
1aKiM HHIETPANILILIM 110KalaTesIEM, KaK Texyuutil npupocT ApPEBECHNbI.
Kpome 1oro, HME0TCA 3IHaAYNMbIE KOPPENAIIHOHHbIE CBA3N ITOr0 NoKalatesa

AHHAMI KOt ApYrHX CTpYXTypubix 3jiementoB 6nollenola. [lpepoctoit,
JOBOKYIIHOCTL UEPEBLER — 3TO OCHOBHON npoayueHt GHomaccel H ornpe-
1eAnTeNh GynkuHoHaneHoll cTpykTypbl 6HolleHo3a, a Taxxke BaxHeHwHH
rexpeannonnntii o6wekt. Hepero npeactasnsetr cobok uupo KOHCOpPUHH,
roit anemenTapuoil ykonorideckoi cuctemel [2].

BomsBneiite Takoro agexBaTHOro pelynsTHPYIOLLEro nokalaTens cy-
lecveenno obaeryaer NOCTpoeHHe MaTeMaTHHYecKOH MoOenH ANA OUEHKH
I NPOrHOIMPOBAHNA KayecTBa okpyxatolteit cpeasl. B csoeil pabore mns
iToil uenn mul npimensem dpyHkunio Ko66a—dyrnaca 8 couetaniu c Moau-
bukanueii MHOXECTBEHHOro PErpeccHBHOro aHanula. 3Ta MoaH(HKauUHA
|KJK0MaeT OpHIiHaNbLHLIA cnocob pa3lnoxenus xBaapaTta kol puuseHTa
{HOXeECTBEHH O KOppensiHH, Nno KOTOPOMY OUEHHBAETCA YypaBHEHHE
)erpeccHi, Ha yjaesblible Beca BAHAHNA BoiaeiicTByrounx ¢axtopos [4].
THverpanbnule okalaTesiH onNpeaenfioTCs TaKke ANA IKONOTHYECKHX
)akTopoB H KX 610k0B (coBOKynHocTell), KOTOphie OLEHHBAOTCA KOJIH-
€CTBEHHO B aKTHBHbIE NEPHOAbl MX BO3INEACTBHA Ha 3eneHble Hacax-
eHHa. ITO cyulecTBEHHO yNpolMaeT Npouecc MOAENTHPOBAHHA, MOBbIWAET
HPOpMaTHBHOCTL I afleKBATHOCTh MaTeMaTHYeckoll Moaenu.

O6uiee  cOCTOAHWE 3eJieHbIX HacaXIeHHR W ero TpeHa, mnpoasnas-
ylIMECA B AHHAMIKE TEKYUIero npHpocTa [ApeBecHHbl AepeBbes, onpe-
ENIAIOTCA  BCEM KOMIUIEKCOM cpenoBbix dakTopos. Kpome T1oOro, BoO
peMeNGM paly IHaueHHH TEKYLUEro NPHPOCTA OTPAXKAETCH M IHAOrEHHAN
HTMHKa, AeTepMKHHPpYeMan BGHONOrHYECKHMH OCOGEHHOCTAMH [IEpeBbEB.
03TOMY Mbl HCMOJBIYEM Tako pe3ynpTipytounii nokalartenb, Kak TeKy-
(it oMoNHHTENbHBI (NONOXHTENLHBIA HAH OTPHUATEMLHLII) NpHpPOCT NoO
inacy, xapakrepuiytolunit Ty uacTb npupocta, kotopaa obpalyercs B
}3ynbtale Boineficteig Hiyyaemoro ¢akTopa (MAH COBOKYNHOCTH ¢ak-
ypos) [4].

KomnnekcHble HlTErpanbHele NOKalaTenH HPHMEHANNCL HAMU H AJA
IpPaMeTpHIALNI OCHOBHBIX BJIOKOB OTPHUATENBHBIX 3KOOTHYECKHX dak-
pos. HJIR obcnenosalibiXx HaAMH 3enelbIX IlaCa)K,ClCIHH“l H npHropoa-
1x siecHuix 6uonenolos Purn, IOpmans, Mocksbl 1 JlennHrpana takusmu
‘HOBHLIMK B1OKaMil OTPHILATENbLIIBIX GAKTOPOB 0KAIAMHCh PEKPEALIHOHHAA
IPYIKd, JIOKAJLHOE W perHoHasbiioe 3arpalHeHHe, HIMCHEHHE [HAPO-
irniecKoro pexnma. PakTop pekpeailii Ml XapakTepH3loBan HHAEKCOM
1tontaniocts (oTHowenne BeI6UTON nnotwann k obiueil) u nokalatenem
AOTHEHHA nousbl (yuellbHOE COIIPOTHBIIEHHE, xr/cml). Mapannenbuo
11071b30BaICA Takoil nokalateslb, Kak CTaAMA ANIrpeccCHH pacTHTETbHOCTH
|. Mokalatens, obobiueHHO XxapakTepH3IyrOIUMil larpalkeline BO3IAYXa,
A N0JIYHANH ¢ NOMOUILIO NTHXEHOHHAH KA, BRIYHCIIAR HHAEKC NOAeoTo-
pantnoct [10]. Jononnutensio Mbl HCNOJILIOBAJIH [10KAa3aTenb coxpa-
HIA XBOM. Hintenenne ruposorHyeckoro pexHmMa xapakTepH3oBanoch

CMENHLIM PAOM KONHYECTBENHBIX IHAYEH NI ypoauu rPYHTOBBIX BOA(NAH-
e ruapopekMHOil ciyx6ut).



Ecnu 3¢ ekt obutero snuanna pakropos atux 1pex 6iokos na otpu-
uarenabHbf Tekywuil gononuuTenbHBIl HPHPOCT ApeBECHIILI OKALIBAICH
MeHbLie 2/3 (v.e. R’ < 0.67), 10 BCJHCH JOHOIHHTCHLHLIC HCCHCAOBAHIA
OA8 BBIABJEHUA WHLIX OTpHiATENbHbIX BodacicTBuil. CynecTBeHno Boieii-
cTeyroutde 6I0KH BHOCJIEACTBHI pacuieHAiNCL Ha oTjieisisle hakTopul,
W BLIABJIANCA yAenbHbIit Bec yacTHOro 3d¢exTa BoINcHCTBIA.

Hanpumep, ana pacunerenus sddekia paxtopa obuiero larpaivenus
Acnanucbh aHanuisl npob OGuonoruveckoro Mavepuana (NHCTbA, XBOSA,
Kopa) M NOYBLI, BIATLIX B J3TAJIOHHBIX Toykax. Tam xe BbICTaBJIANHCH
cnelHanbHble NTOBYWKH H3 cdarnosbix MxoB (Sphagnum magellanicum L),
koTopble J3kcnmouuposamich 1, 2 W 4 mec. [Tlpn 31oM Mbl nony4anw
TAKXKE XAPAKTEPHCTHKY TeMNa MNOCTYMJIEHHA 3arpAa3HAIOILNX 3EMEHTOB,
HX KYMYJALHH.

BuonoruyeckHe WHAHKATOPB! CAYXaT [UIA BbIABAEHHA pacipeac/ieHHA
JarpAIHAKOILHX 3NEMEHTOB H HAKOIMJIEHHA HX 3a onpeaencHublii nepHon
speMeHH. OOQHako NpH 3TOM HeoGXOAHMMO YHHMTBIBATb, HTO KaxAblid M3
ITHX KYMYJHPYIOLHX cyBcTpaTOB HMEET cBOtO cnelltHdHky HakonNaeHa Tex
HOH MHBIX 3neMeHTOB. Hawm wccnenoBaHHs 110ka3bipaloT, YTO XOTA CO-
JepXaHHe METaNNoB B JMCTLAX B TedeHHE BEreTalMOHHOTo nepHoaa
M YBENHYHBACTCR, TEMTNbl HAKONJIEHHA KOHKPETHOrO dNEMEHTA ANA KaXAOro
suna pacteHuil painnuuel. Hanpimep, B NHCTbAX pAGHHbI Taxenble Me-
Tajanel HakannaueatorcAa B 1,2—1,8 paja Owictpee, a B nHCThAX Oepeint
B 1,2—2.5 pa3a GuicTpee, Y4eM B NHCTbAX SIUMNBI.

Toukoli oTcyeTa ANA BHIABNCHHA NOBbILIEHHA KYMYNATHBHOTO 3arpsi-
HEHHA CNYXHT GoHOBBIIl ypoBeHb HHAHKAaTOpOB 3arpalHeHns. IToa ponopbim
YPOBHEM HaMH MOHHMAETCH Takafd KOHLEHTpPAUHA 3arpA3HEHHR B aHa-
nu3pyemomM obbekTe, koTopaf cyulectsoBafa 6bl B 4aHHOM MecTe MpH
OTCYTCTBHH KOHKPETHOro HCcTOYHHKA 3arpaiHenus. [lo donoBomy ypoBHIO
onpenenseTcAa ko3pdHUHEHT aHOMANHH 3arpA3HeHHs (OTAENbHO MO 3je-
MeHTaM). bHoreoxunsiyeckint ananul HcceayeMoro MaTepHana B 3eA€HbIX
HacaAeHHAX ropoaa H MpHropoaHON 30HbI NO3BOMAET a€KBATHO BhIABHTH
BIHAHHE OTACABLHOrO JNOKAaNLHOro 3arpaiHeHHa obbekTa, a Tak¥e MHrpa-
HHOHHBIX nyTeil 3nemeHTOB jarpsa3Henns. KoHuentyansHo takoll noaxon
OCHOBAH Ha HanH4YHH GyHKUHOHAALHBIX CBA3EH MexAy BhIOpocaMis H TBEpO-
$a3HbIMK BbINAAEHHAMN 3 aTMOChEpbl Ha 3JEMHYIO MOBepxHOCTH [8].

Ha yp6aHuiupoBaHHbiX TeppHTOPHAX OOBIMHO CKNAaAbIBAETCA OYEHb
COXHAR CHTYalUMS MHIpaUMH H PACCEAHHA 3arpAIHAIOUINX 3INEMENTOB.
[To HaweMy MHEHHIO, CJIOXKHOCTb ITOH CHTYallHH ONnpeRensaeTca HECKONIbKH-
Mu npudiHaMy. Bo-nepebix, ana cesepo-lanana CCCP xapakrepHo 6onh-
woe pajHoobpa3zue KakK N0KANbHbIX, TaK H PErHOHaNbLHbIX, MEXPErHO-
HanbHLIX W rnoBanbHbIX 3arpa3HHTeNed, KOTOpble OKajbiBatOT BAHAHHE
Ha HeGonbuwine TeppHTOpHAbHble €AHHHUBL. Bo-BTOpHIX, Ha nepepacnpe-
neneHHe 3arpAlHeHHA B ropoae BO3IAEHCTBYIHOT MHOIHE AONOJHHTENbHbIE
daxTopbl: COCTAB M BHA [AEATE/LHOCTH MAPOMBILIJIEHHBIX MPEANPHATHH,
HHTEHCHBHOCTL ABHXEHHA aBTOTpaHCIOpTa, XapakTep ropouckoii sactpoi-
KH, Haqs4ue CAHMTApPHO-3ALUKTHBIX JOH OKOJIO NPEANPHATHIL, nnowann M
CTPYKTypa 3eneHblx Hacaxaehnii. B-TpeTenx, xaxawiii n3 3arpasHaiowwix
IMEMEHTOB HMEET PalINHUYHYIO CIOCOBHOCTE K MUIPAUHH M PacCENBAHHIO.
Hccnenosanne tepputopHansHoro pacipeacnels 3arpasuunrenedi, ocoben-
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HO TAxenbix MeTannog [ 1], naer npenctasnetine o6 obuiedl AeTanuInposak-
HOH KapTHHE CAHUTAPHO-THTHEHHYECKOro COCTOAHHA okpyxatouleil cpeanl
[13]

Mpu nposeneHHH HHAHKAUMH HAPAAY C BLIABJAEHHEM MPOCTPAHCTBEH-
HOTO pacnpefieNicHHA JarpAIHEHHA HE MeHee aKTyanbhHO H H3IYHEHHE €ro
spemenndro acnekta. Jna 1ol uenn Heo6X0AMMO NapaniensHOE HCMOML-
3J0BaHHMC Pa3THYHBIX HHAHKaTOpoB. [ns xapakTepHCTHKH KPaTKOBPEMEHHBIX
HHTepsanoB ynobuee HcnonwloBaTe Takol cyBerpar, kak cHer, cdar-
HoBble, oBywkd H T.n. CeloHHOEe HakKoMNIeHHe 3larpA3HuTencit nyduse
OTPaXaloT JIMCThA W XBOR AEPEBLER, A NP OTCYTCTBHH rNYGOKHX 3IHMHHX
orTenenefi — cHer. KapTHHy MHoronetHero kyMyJafTHBHOIO 3arpa3iHeHHs
nokaieiBaet noysa. [lTousa — mecbMa YyTKHil HHAOHKAaTOp reoxuMitdeckodt
o6CTAHOBKH B ropoje, Tak KaK 3TOT KOMMOHEHT 3KOCHCTEMbl Haxo-
AWTCA Ha MEPECEYEHHH BCEX TPAHCNOPTHLIX NyTed MHrpaUHH XHMHYeC-
KHX 3JIEMEHTOB.

BpeMeHnds cTpykTypa oTkiHka GHOMHAMKATOpa Ha BO3AeHCTBHE 3IKO-
noruyeckux GakTOpPOB BLIABAANACL HAMH METOAOM JIKOXPOHOrpaMm. Jko-
XpoHorpamMMbl — 310 rpaduveckoe oTobpaxkeHHe BpemeHHOR nocnenopa-
TENLHOCTH aKTHBHBIX NMEPHOAOB W NMay3l MeXAy HHMH, MOKalblBatollee CHAY
H-HanpasseHHe BO3AEHCTBHA HCC/iEAYEMOTO 3KOOTHYECKOro ¢dakTopa Ha
dopMupoBaHie 3HaYcHHH TOro HNW HHOro nokalatens 6HonHaMkaTopa.
B reomeTtpuueckofl HHTepnpeTauuu, korga no ocH abcumcc oTknankl-
BAOTCA HHTEPBAaNbl NNAHETAPHOrO BpPeMCEHH (OHM, NMATHAHEBKH, ACKafml,
MeCALbl M T.A.), 2 MO OCH OPAHHAT — NOKAlAaTE/Nb NMOBCOCHHA CHCTEMBI,
Tpena 3dppekTa BolaeiicTBua pakTopa obpa3yeT NoMaHyl0 NHHHIO (CM. pH-
cyHok). Huvepaanm spemenu, B koTopbie adext Bo3neHicTeHa ¢dakTo-
pa no MOOYRIo TpeBbILAcT 3aJaHHbIf ypoBEHb 3IHAYHMOCTH, HHTEPNPETH-
pyOTCA KaK aKTHBHRIE NepHOALI BoIacHCTBHA AaHHOro ¢pakTopa (3aiTpHXO-
BaHHble y4yacTkH). Tak kak peakuns OGuocHcTeMbl Ha Bo3aeficTBHe TOroO
HRH HHoro dakTopa NpoABNAETCA ¢ 3analAbiBaHHeM, HccnenyeMslil noka-
3aTesb MOXHO COMOCTABAATH C MapaMeTpamMi BoilaeiicTBylownx dakTopon
3a A0BONLHO ANHTENbHBI MepHoa ynpexaeHHA (B HAalUHUX HCCAEAOBAHHAX
C ApeBECHBIMH PacCTEHHAMH — RO ABYX JIET).

Kax nopvepxuBaercds B NPHHATBIX HA coBellahuu paBoueit rpynnel
CKOIIE 8 1977 r. OcHOBHBIX NMOJOXEHHAX OUEHKH BO3AEHCTBHA Ha OKpYy-
Xalouylo cpelly, Takaf olleHka AO0/KHAa BKJHYAaTh HE TONLKO OMHCaHHE
3Toro Bo3laeficteus W ero BApHAHTOB, HO H TMNPOrHO3HWpOBAHHEC Cyule-
CTBa H HHTEHCHBHOCTH BolaellcTeuil Ha npupoanyto cpeay[1]. Takyro oueHky
Mbl Ha3bIBAEM 3IKOJIOrO-MPOrHOCTHYECKOH.

D KOJIOro-NPOTHOCTHYECKAR OUEHKA H KApTHPOBaHHE TEPPHUTOPHH Npo-
BOAATCA B OCHOBHOM MO TPEHAY HHTErpanbHbiX nokalateneil GHOCHCTEMBI.
Hns 3enensix HacaxAeHHil 3To Tekywn# MpUpocT ApeBECHHBI H AHHAMHKA
KyMyNATHBHOrO 3arpA3HeHua. He octaHaBauBasAch noapobHee Ha METOAHKE
pailpaboTkH nporHola, xoTopas onybnuxoeaHa HaMH paHee [6], oTMeTHM
NHWbL, YTO OHAa OCHOBAHa HAa PETPOCMEKTHBHOM aHanH3e CTPYKTyphbl
OTKJIHKA 1porHoinpyemoro obsexta. [Ina orcueta nara nporiosa euissng-
I0TCA TPH XapaKTepHble TOYKH TpeHAa GHOCHCTEMBI, COOTRETCTBYHOLLHE
Havany MEpHOJOB cTpecca, AerpajaliiH H KpHTHyeckoil merpamauuu (aro-
nuu). Ha Ttonorpaduueckyro ocHOBY uccneayemoili TeppHTOPHH Hao-
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cutca 06061ueHHBIA TpeHA HIMEHEHHWA TEKYLIErO NPHPOCTAa APEBCCHHBI H
BOIMOXHOro pHcka (B 3aBHCHMOCTH OT JAHHAMHKH CHHXEHHA NpHpocTa).
Ha Ty ke ocHOBy HaHOCHTCA YpPOBEHb HHTErpajbHOro KYMYNATHBHOrO
3arpadHeHus. Jlns cBOAHOro npeacTaB/eHHA O MPHOPHTETHOCTH 3KONO-
THYECKHX MEPONPHATHA HAa 3KONOro-NPOTHOCTHHECKYIO KapTOCXEMY Ha-
HOCATCA YyRefbHble Beca OTPHUATENbHLIX (GakTOPOB BAMAHHUA, KOTOpbIe
pasdeniedbl no Tpem 6nokam: a) 3arpalHeHde, 6) pekpealMoHHOE BO3-
nefcTeue; B) HIMEHEHHE THAPONOTHYECKOTO PEXHMA.

PanxupoBaHHe TEpPHTOPHH NO NPHOPHTETHOCTH NPOBEJEHHA Mepo-
npuaTuil ocyllecTBnseTcA KaK MO COBPCMEHHOMY COCTOAHMIO 3eJIEHbIX
HacaxaeHuil, Tax H no TpeHay M  LHaMHKe HX pocTta. B rpynne
Yy4acTKOB CO CXOAHBIM COCTORHHEM NPHOPHTETHOCTL ONPEENAETCR NO Npor-
HO3ly nepcnekTHBHOro pHcka. [locnenoBaTeNbHOCTL MPOBEAEHHA 3KOJO-
THYECKHX MeponpHATHH onpenenseTcs No paHry CHHXEHHA TEKYILEro
npupocTa. [IpHOPHTETHOCTH BHAA M CHCUHGHKH IKOJOTHYECKHX MCPO-
NpHATHH HA KOHKPETHOM Y4acTKE ONpEAeNRETCA B 3JABHCHMOCTH OT cyllie-
CTBEHHOCTH BO3IAEHCTBHA H YyJE/bHLIX BECOB OTpHUATENbHBIX (GAKTOPOB.
B nepeyto ouepenb onpencnAloTcA CyWECTBEHHOCTh H yAcabHuIA aBec
6noka ¢axkTopoB (3arpslHeHHe BO3IAyXa, 3arpAIHECHHE NOYBLI, pekpea-
UHOHHAA AEATENLHOCTh, HIMEHEHHE THAPONOrHYECKOro pexHMa), jateM —
CYLIECTBEHHOCTL W yhaenbHbI BEC OTAENLHBIX GaKTOpPOB, HanpuMep BHIA
JarpAIHEHHA, OTAENbHBIX 3arpalnuTenedl. Buibop BpeMeHH nposeacHus
arpoTexHH4YECKHX MEePONpPHATHH onpenenfieTcA BhIABIEHHEM AKTHBHBIX ne-
puonos ¢paxTopos BolncHcTaNS.

Hanoxenneil NoAXoA K HHOHKALMH IKOJNOTHYECKOTO KayecTBa ropoj-
ckoli cpeabl B 061UEM COOTBETCTBYET H OCHOBHLIM TPEGOBAHHAM CTAHAAPTH-
3auHH nokaslateneil kavectra cpeas [9].

107



Jinveparypa
. BropxcHue B npupoanyto cpeay: Ouenxa poyacAcTBHR (OCHOBHBIC NONOXEHHN H MeToAakl).

M. Mporpecc, 1983, 191 c.

Foav6ey M. 4. Axtyansneie sonpockt 3xonorun. Kues: Hayx. aymka, 1982, 157 c.

Kaianckas H.C.. flanuna B.B. MeTOARKE HIYHCHHA BAHRHHA PCXPCALlHOHHLIX Harpylok

Ha [peBECHbIC HACAMICHHA IECONAPKOBOIO Nosca r. MockBLl B CBRIH C BONpOCaMH opra-

KMIALHK TCPPHTOPHH MAcCOBOTO OTALIXA M Typuima. M., 1975. 69 c.

./luena H. . unamuxka npesecHbix 3anacos [/ [lpornoinposanue u dkonorua. Pura:

3unatne, 1980. 171 c.

Muny K. O6pas ropona. M.: Crpolininar, 1982, 328 c.

Mavpuns A.M.. Pasan K K., Tuena H. . Konuenuns v METOOHKA IKONOrO-NPOrHOCTH-

4eckofl OUEHKH peKPeaLlHOHHbIX Nnecod [/ MOACNHPOBAKHE H NPOrHOIHPOBAHHE B IKONOTHH.

Pura: 3nnarne, 1978. C. 36 —41.

. Muwenwo I E. Oynopoancine poinyuIHsx H BoaHbix Gaccewos ropoaos. Khes: Hayx.

aymka, 1968. 154 c.

_Caem JO.E. Cmupnosa P.C. T€OXHMHHECKHE MPHHUHIE BLIRANCHKA IOH BO3OeACTBHA

IPOMBILINEHHLIX BbIGpocos B ropoackux arnomepaunax [/ Bonp. reorpagmuu. 1983

Brin. 120. C. 45—55S.

Toacmuxwe O.H. IMoaxonw k CTAHNAPTHIAUHH NokalaTench kayecTsa cpean H NpHpoao-

OXpaHHBIC MEponpHATHA [/ OcHoBbl cTAaHRAPTHIAUHH B o6nacTH oxpaHul naHawadTos.

HIAH CCCP, 1982. C. 97—105.

10. Tpace X.X. Aunanui nuxeHodnopwt Ictonnn: Asvoped. auc. ... a-pa 6uon. wayk. J1.:
JIrY, 1968. 29 c.

11. AMfoore J W., Ramamaoorthy S. Heavy Metals in Natral Waters: Applied Monitoring and
Impact Assesment. N.Y.; Berlin; Tokyo: Springer Verlag, 1984. 312 p.

12. Moriarty F. Ecotoxicology. The Study of Pollutants in Ecosystems. London; N.Y.; Paris;
Tokyo: Academic Press, 1983. 242 p.

13. Schubers R. Bioindikation in terrestrischen Okosystemen. Jena: G. Fischer Verlag, 198S.
230 s.

[ V)

e

w

>

~

-]

o

YIIK 504.064:911(1-21)
H.b. bap6auw

Teppuropuasnnans andpdepennnauna xavecrTsa
ropoackoit cpeasl

Ha oTaebHBbIX yHAacTKaX TEPPHTOPHH COBPEMCEHHBIX KPYIHbIX TOPO0B CKNa-
AbIBACTCA paljIHYHA® MO CBOCMY KauecTBy ropoackas cpena. [lpu sTtom
Ka4yeCcTBO ropoAckol cpeiAbl MOXHO MOHHMATh ABOAKO: KAK OCOOCHHOCTH,
XapakTep ropoackoil cpeabl H KaK OLCHOYHYIO KaTeropHio, Jonyckato-
Uy palxXHpOBaHHE ropoAckoil cpelbl MO Ka4ecTBY B TEPMHHAX Nyvlle —
XyxXe. ITH B3 3HAYEHHR KAaYeCTBAa TECHO BIAHMOCBRIAHLI, MOCKONbKY HMEH-
Ho xapakTep W ocobeHHocTH ropoackofl cpeabl Bo MHOrom obycnosnu-
BalOT ¢e olleHKy. B nawunoit rnase akueHT 6yneT caenaH Ha Kkavecrtae
ropo/jickoii cpeabl Kak KaTeropii oueHo4Hofl.

loponckas cpema, B HalwWeM NMOHHMAaHHH, — JTO Cpela XHIHEACATC Ib-
HOCTH ropoxaH (ocobo CTOHT BOMpoC O 3arOpPOAHBIX TEPPHTOPHAX, BKIIO-
HEHHbIX B [IOBCEAHEBNY IO XHIHENERTENBHOCTL ropoxaH). [1pu 3ToM kavecTso
ropojckoil cpejisl MBI paccMaTpHBacM KakK CTeneHb COOTBETCTBHA Y-
NOBHIY XHIHEAEATENBHOCTH 110TPEGHOCTAM HaceneHHA, xak obecnédeHue
HOAHOTHI peanudauun nortpebrocteit. Ha nyTH onepaunoHanulauwH no-
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KayecTso ropoackofl cpeast Ha ONPEACACHHNNM YyHaCTKE TEPPHTOPHK

T
‘\\\\\ Cybuexy Hacenenue, npoxun-|Hacencuue, pabo- lHaccncuuc.nocv
~ QCRICNBHOCTH | BAIOLUCE HA 1aHKOR |Tarollice Ha nannolt tarolice nanHyo
Bunb»ncn-\\\\\\\\ TEPPHTOPKHHM 1EPPHIOPHH 1EPPHIOPHIO € IpY-
TENLHOCTH e FHMH UC/IAMH
I |

Npoxunatue
Pa6ora

Pexpeauns
KyasTypHo-6uiTosoe
obcnyxunanmne

nA0OHOH oleHKH, NOHATHOH HAa KOHUENTYaJbHOM ypOBHE, BCTAIOT ¢Epbel-
HbIE METOAHYECKHE TPYAHOCTH.

MpH HIyueHHw B3aMMOACHCTBHA HacesleHHA ¢ ropoackoit cpemoil pevs
Hoet ob6 ynosnersopeHHH TpeboBaHMil HaceneHHAs KOMMAEKCOM YCJiO-
Biil, CKJTaAbIRAIOLMXCA HA onpeldeneHHbIX yyactkax ropoaa. Cioaa Bkito-
yatoTca Kak TpeGoBaHHA coUHANBHOro Hopanka (KynaeTypHo-GbiTOBOE 06-
CIyXXHBAHHE, XapaKTep M KONH4eCTBO MecT paboTel, xapakTep 3acTpoii-
KH H OKPYXEHHA § T.M.), TakK H 3IKONOTrHYECKHE TPEOOBAHHA B Y3IKOM
CMBIC/IE 3TOro cnopa (moTpebHOCTH B YHCTOM BO3AyXE, BOJAE, OTCYTCTBHH
wyma H 1.0). [To3ToMy HaM NpeacTaBAAETCA NINOAOTBOPHLIM CHHTEIHPYIO-
1Hii NOAXOA K QUEHKe ropoAckoit cpeAbl — OT TEPPHTOPHH.

OueHka OGyager pa3nndHo#t B 3IaBMCHMOCTH npexae Bcero oT cybn-
eKTa NEATENBHOCTH (3TO MOXeT ObITb HaceneHHe, NpoXHealollee Ha
OUEHHBAEMOM YYACTKe TEPPHTOPHIL, HACENIEHHE, OCYLLECTBARIOMIEE HA NaK-
HOM yuacTKe Apyrie BHAbI neATebHOCTH). OTaenbHble BHALI OLUEHOK, HANPH-
Mep CaHHTAPHO-THTHEHHUHECKHE, BOIMOXHLI O€3 KOHKpeTHIAUHH cybBnexTa.
OnHaxo ecnu peyb HOET O KauecTBe cCpedbl B LEJSOM, TO KOHKpPETH-
jauus cybnvekTa, Ha Haw BINISA, HeobBxomima. 3Ta KOHKpeTHlIaUHA
AoNXHA HAOTH Aanblie B COOTBETCTBHH C uud)(bepcnuuauueﬁ HACCACHHA
Ha couHanwbHo-nemorpadyeckie rpynnsl. OueHKa kayecTsa NOMKHA NPOH3I-
BOMATLCA ANR OTAENbHBLIX BHAOB AEATENLHOCTH, OCYUIECTBAAECMbIX Ha
TeppHTOpHIt (cM. Tabawuy)., Tak kak ona OyneT pa3nuyaTecs B 1aBH-
CHMOCTH OT noTpebunocteh cybrexta aestensHocTH. CyMmiupoBaHie Bcex
ApOOHBEIX Ka4YecTBEHHBIX OUEHOK ropoackoil cpenbl (HHIKOTrO, CpedHero,
BbICOKOTO ypoBHA) B nyctorpadkax tabnuubl ans nonydveHHs uenocTtHoit
OUEHKH BpPAA JH BO3IMOXHO. Ilna onpeaencHHoro knacca 3anav Takue
OUEHKHM KayecTBa cpeabl CYWIECTBEHHBI, HAampHMEp NpH CPaBHECHHH Ba-
PHAHTOB PalBHTHA H PEKOHCTPYKUHMH ropoaa, npH obOCHOBaHHM nEpBO-
OYEPEAHOCTH MEPOMNPHATHI N0 COBEPILIEHCTBOBAHHIO TOPOACKOM Cpesbl H T.1.

OuenkH KkayecTBa cpedbl MOTYT KOHCTPYHPOBATLCA HCCNENOBATENAMM.
Ho cyuwlecTaytoT H counansHble OUcHKH, GOpMHpyloLlHecs Yy Hacese-
HHR M HrpalollHe CYLIECTBEHHYI) pOJib B OPraHW3aLUHH €ro XH3He-
aestenwHocTi. [Tpumeposm rakofi couHansHoil OUEHKH MOXET CNYKHTh
oueHKa NPHBJIECKATENABHOCTH Pa3H4HbIX Y4aCTKOB TEPPHTOPHH ropoaa Ui
NPOXHBAHHA. AHANIHI TAKOro HHAHKATOPA COUHANBLHOM OUEHKH, KaK JafABKH

Ha obmen xunofi nnowann B Mockse [l], nokalan, 4to cxonubie
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Il. A. Hlapkosckuc, O. 3. Hukonemyc

ConepxxaHue MeTajJOB B MPOJAYKTaX 3MHCCHU
Ha NPUAOPOXHOH noJgoce aBTomopor JlaTBuu

B c¢BA3M ¢ HenmpepmiBHBIM POCTOM KOJHuecTBa aBTOMOGHAEH
BONpoc 06 HX BJNHAMHII Ha 3arpsisHeHHe OKpy»Kaloweil cpeinl mpH-
BJIeKaeT NpICTaJbHOEe BHHMAHME YYeHBIX BCero Mipa. ABTOMOGH/b-
Hblil TpaHcnopT BHIOpAacbiBaeT B BO3AYX C OTPaGOTaHHbIMII ra3aMu
a0 200 pasanuHblX Xumuueckiix BewiecT [7, 9]. Bui6pocu aBTOMO-
Giieill onacHbl NOTOMY, YTO, BO-NEPBBHIX, OHII CpPa3y MOCTYynaioT B
aKTHBHYIO 30HY 6noctepnl. Bo-BTOpLIX, OHII copepxar B ceGe coeH-
HEeHHsl CBHHLA, KOTOPble OTJHYAIOTCS MOBBILIEHHOH TOKCHYHOCTLIO
I/ Brero JKHBOro. B-TpeTbliX, BBIGPOCHI MOCTYMAalOT HEMOCPeACT-
BEHHO B NIPI3EMHBIA cs0i aTmocdepsl, rie¢ CKOPOCTh BeTpa He3lHa-
yuTeIbHA H rasbl Maoxo paccenatores [11].

B pesysbTaTe MHTEHCHBHOrO JABMXKEHUS TPaHCNOPTa BJOJL aB-
ToMarncrpaJgeil o6pasyioTcs cBoeofpasHble TEXHOTEHHEIE aHOMAJIiN.
YcTaHOBEHO, YTO NOUBLI NPHAOPOXKHOH 30HBI GOJBLIIHX aBTOMATrHCT-
pajieii comepxaT CBHHLA, UHHKA H KaJMH§l B HECKOJBKO JIECATKOB
N axe coTeH pa3 GoJsblie, YyeMm MNOYBBI, yjAaJEeHHble OT aBTOMAari-
crpaneii [1, 6, 25]. HccnenoBaHus NpHAOPOIKHLIX 3IKOCHCTEM NO-
Ka3biBaloOT, UTO YBEJHYHBAlOUWlAfAcs CBUHLOBAA Harpyska Ha pacre-
HHSl, BbI3BallHas B OCHOBHOM TIOBEPXHOCTHBIMII OCaXAEHHSAMII, MOXKET
npenuilaTh (DOHOBBEIE YPOBHH CBHHLA B He3arpA3HEHHLIX CENLCKO-
X03fNCTBEHHBIX KyabTypax B 5—20, TtpaBax — B 50—200 n
aepesbsix — B 100—200 pas [12]. Tak, B Asctpui, B Hemocpen-
CTBEHHOH 6JH30CTH OT raBHBIX MarucTpaJjef, colepikaHie CBIIHUA
B NOJCBLIX ¥ JYroBO-nacTOIUHLIX pACTEHIAX Ha paccroauni | w
oT npoesxed yactn B cpeanem cocrasaser 80,0 mr/kr, 10 M —
62,5 1 50 M — 25,0 mr/kr [20].

B npunopoxuoit nonoce nakonaenwe Pb B xopmoBHX 1f oBoOUl-
HBIX DAcCTEHHSIX 1acTO AOCTIraeT ypOBHS, OKa3LIBAIOUIEro BpeaHOe
Bo3zjielicTBie Ha OpralinamM 'choBeKa N KHBOTHLIX. [lonacinrano, uto
NPpH NJOTHOCTII TPAHCMOPTHOrO NMOTOKa Ha lwocce po 75000 ex./cyT
a paccrosnun 10, 25, 50 n 100 M oT Aoporn cpeancieIeabioe ne-
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Tpebaenne Pb ¢ nuuefi ass oJHOro yesoBeka CoCTaBJfieT COOTBET-
creenHo 4300, 2638, 2416 u 1876 mMxr (¢ou 1163 mxr) [21].

HaGmonaercss koppensuusi MeXAYy HHTEHCHBHOCTBIO aBTOMO-
GHJBLHOTO JBHXKEHHSH, YAAJEeHHOCTBIO OT aBTOCTPAA H CONEPIKAHHEM
TAXKENHX METAMJIOB B MBI, & TAKXKe 3arpsa3HeHueM pacreHud 18,
26]. 2DTo nO3BOJIET HCNOJB30BAaThb IIOYBY H  OHOJOTHYECKHE
OGBEKThl — B OCHOBHOM CeJIbCKOXO3AHCTBEHHYIO NPOAYKIHIO, 3Ja-
KOBble H J€peBbfl — B KayecTBe WHAHKATOPOB IS H3yYEeHHS BJHHA-
HHA BBIGPOCOB aBTOTPAHCIOPTA Ha NPHAOPOXKHbLIE 3KOCHCTEMHl. Kak
NOKa3KBawT paloThl MHOTHX 3apy0bexHbix aBTopoB |4, 15, 16, 17,
27, 28, 32, 33], oueHb XOpOWIMMH HAKOMHTEJSMH TAXKEJIBX MeTal-
JIOB fIBJSIIOTCA C(arHOBHIE MXH, KOTOpble 06/1afaloT CHocOGHOCThIO
aKKYMYJHpPOBaTb B 6QJblIMX 10 CPAaBHEHHIO ¢ APYTHMH PACTEHHSMH
KOJIHUeCTBaX TsXeJble MeTaJabl H3 aTtmochepHoro Bosayxa. AHa-
JH3bl pasHbIX BHAOB c(arHOBBIX MXOB, COOpaHHLIX Ha pPasjHYHbIX
€CTECTBEHHBIX MecTOoOOHTaHMAX, NOKa3blBaloT Goabluyid reorpadu-
4YeCKYH0 BapHAOEJBHOCTh B KOHUEHTPAUHAX TAMENBX MEeTaJsoB,
3aBHCAILYI0O OT HX COAEPXKAaHHA B OKpyxatouweil cpege [28—31].

K coxaJ/leH#l0, B OTEUeCTBEHHOH NPAKTHKE HMEETCS TONbKO He-
cKoJMbKO pafoT, TAe B KaueCTBe WHAHMKATOPA 3arps3HeHHS HCIOJb-
30BaHbl MxH [2, 5, 6, 13]. OueBnaHO, ONHON H3 NpPHYHH, TOPMO3S-
Ui LIHPOKOE HCNOJb30BaHHE MXOB B KauecTBE HHAMKATOPOB 3a-
IpA3HEHHUA, 4BJfETCA HEOAMHAKOBaf CNOCOGHOCTH pPA3HLIX BHIOB
MXOB aKKyMYyJHPOBaTb XHMHUYECKHE 3JEMEHTH, 8 TaKX<e OrpaHHyeH-
HOe paclpocTpaHeHHe KOHKpeTHolx BuAoB. [loaTomy B nocseaHee
BpeMs 1Jd KOJHYECTBEHHOTO M KaueCTBEHHOrO aHaJ/j{3a MHIpaUHH
TSMEJBIX METAJJIOB B NIPH3EMHOM cJloe aTMochepbl HCHOMB3YIOT MXH
H3 MPHPOIOHHIX MecT OGHTAHHS, YIaJeHHbIX OT HCTOYHHKOB IMHCCHH
(dboHOBHIE), H NOMEUIAlOT HX Ha ONBITHLIX MJOUAJKAX KaK MOHH-
TOpHHr-opraHuaMel 3arpsisHenus [4]. I[TpenmmyuiectBo Takoro cro-
co6a Heocrnopumo, n60 makeTol c(arHOBOr0O MXa MOMHO 3KCIMOHH-
poBaTh B ropofax, BOJI3H HCTOUHHKOB MPOMbBILINIEHHOrO 3arpasHe-
HHS, a TaKXXe BLOJIb aBTOMarkcTpasnei, rae pacTHTeJbHOCTh BooOlLe
OTCYTCTBYET MJH MOPGOJOrnieckH pas/jiHuHa B CBA3I ¢ HEOAHODOX-
HocTblo 3naduueckux dakropos. [Iposenenuvle no 3Toit MeTOANKE
HCeJIeJOBAHHST MOKA3BIBAIOT 3aKOHOMEPHOEe Bo3pacTalille KOHUEHTpa-
HUHI TAXKENBIX METaNJOB B 3KCMOHHPOBAHHBIX C(ATrHOBHIX MXax MO
Mepe MOBLIMEHHS KOHUEHTPALHH 3arpA3HAIONIHX BellecTB B aTMOC-
¢epe B6aH3H npoMbiTeHHuIX neHTpos [15, 16, 22, 27, 33], a Takxke
BLOJb aBTOMarucrpadgeii [19, 23, 24].

B Hawpx npeauiayuiix patorax Gbisa NoKazaHna BO3MOXKHOCTb
HCTI0J1b30BaHNS ¢harHOBOro TeCcTa ANA M3Y4eNds 3arpA3HEHHs OKpY:
Xaioweil cpefibl TAXENbIMH MeTajjami [3, 8, 13]. Lleanto nacros-
uieii paGoThl SIBUIOCH M3ydyeHHE 3arpfslielinsg OKPYKarouleil cpeabl
NPOAYKTAMH SMHCCHH aBTOTP3HCNOPTA NpPH NOMOLIH CHArHOBOTO
TeCTA.
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MaTepuan H METOAHKA HCCAEAO0BAHHA

HccnenoBaHus MPOBOAMJII HAa aBTOAOpOrax pecny6JHKH C pas-
JIMYHOH HHTEHCHBHOCTBIO ABIKEHUA aBToTpaHcrnopra ¢ 1981 1o
1985 r. Ilpw usyueHun 3arpsa3HeHHd NpPiAOPOXKHOH 30HB NPOAYK-
TAMH 3MHCCHH aBTOTpaHcnopra 6bla 11CN0/b30BaH cParHoBbli TecT.
B nccnenoBaHiifix, NpOBOAHBLUNXCS C 1ICMOJb30BaHHEM 3TOTO TecTa
[19, 23, 24], B ocHOBHOM 1CNIO/AB30BaH MeTOX C(HarHoBhIX MAaKeTOB,
HaXOANBUWHXCA BO BpeMs 3IKCMOHIPOBAHHA TOA NPHKPBLITHEM.
B Hawux nccaenoraHnax AaHHbl meTon Obla MOANQIUIIPOBAH.
D710 ¢BA3aHO C TeM, YTO B YCJOBHAX Hauleii pecnyOJHKH B JeTHHH
TEePHOA NMPOBOANTCA MHOrOKPATHBIT NOKOC TpaB KaK B pasje/Telb-
Holl noJsioce, TaK It B NPIIOPOKHOI 30HE aBTOAOPOr, il BO3MOXHO
HCUE3HOBEHIIE OTKPLITO IKCNOHIIPOBAaHHBIX 06pa3uoB. B Hawux mo-
HCKOBBIX 1ICCJAENOBAHNAX ObIN0 AOKA3aHO, YTO c(arHoBbIE NAaKeThl
TOA NMPUKPHITIIEM TOPa3jo MeHblle HAKANJIBAIOT MeTaJbl, YeM 6e3
npukpoiTis. [TostoMy o6pasubl MXxa 3KCNOHIPOBANH Ha CHELUHa/b-
HbIX NAOUAfAKAX PABHOMEpPHBLIM c/oeM 6e3 NPHKPLITHA.

Mox Sphagnum magellanicum Brid. pns o6pasuos coGupany
Kax(ablit rox B konue anpens. [locse c6opa Mox TiLaTesbHO nepe-
GupaJii, CyWII 10 BO3AYWHO-CYXOTo cOCTOAHIA, GpaJir npobu aus
XIMHueckoro amannsa. HemocpeldcTBeHHO Mnepea 3KCNMOHIIPOBaHIEM
MOX YBJAMHAMI IICTHANNPOBaHHOII BoAoit. Mox cobupaan ¢
OJIHOTO 1l TOTO ke MecTa (TeppuTopif MJAOWAAbLI B 1 ra) Ha OJHOM
M3 KpynHeiillux BepxoBbiXx OGojor Jlareun — Jluenafic Tupenuc,
pacnosioxkedHHoM B [lpumopckoifl HI3MEHHOCTH, B OKPECTHOCTI Ky-
popta Kemepn. J[anna mxa B cobpanHelx oGpasuax cocraBasga
10+2 cM, T. e. cdhardHel 6B MPIMEPHO OAHOro Bo3pacra. Ha
OCHOBE pe3y/ibTaTOB MOJEBOro onblTa Oblia 0TpaboTaHa METOANKA
SKCMOHHPOBAHIS 06pasloB MXa (CM. HIKe).

DKcnoHipoBaHiie o6pa3uoB MXa NMPOBOAIII € Mas MO OKTAGPL
B TpI Nepuojia, KaXAblil Neproa cocTaB/JsfJ ABa Mecsiua. YBJaax-
HeHHbIT cdarnoBblil Mox maccoil okoao 10 r B 3—4-kparTHoii nostop-
HOCTH DPABHOMEPHBLIM CJOEM Da3MCLIa/dl Ha MJOLAaAKaX pa3Mepom
2020 cM, uTo6bl He 6bI10 NpAMOro Konrtakra ¢ nousoil. Ias storo
TIpeABapHTEeNbHO NOArOTOBJIEHHBIE NJOULAAKI BLHICTHIAI CEHOM I
TpaBoil. CraunonapHsle nuoulaaxit Ovlail MOAOGPaHE HA MPAMbBIX
yyacTKax AOPOr ¢ poBHLIM peabedos MecTHocTi Ge3 HacaKAeHI,
TI0 HaNpaB/JEHII0 TOCNOACTBYIOLULIIX BETPOB, C BBICOTON HacLIN
1,5 m (kpome asropoporn Ciaoka—Pos, rie naceinn npakTuuecku
HeT). B mamux nccsenoBaHisax HanGoJsce BLICOKAs HHTEHCHBHOCTH
IBIKEHIIS aBTOTpaucnopra Obija oTMevyeHa Ha aBtofopore I kare-
ropir Prura—IOpmana. O6pa3unl mMXa SKCMOHIPOBaJn Ha 15-M KM
5TOIT aBTOAOPOTII Ha CAEAYIOUWLHX pPacCTOANNSAX OT MOJOTHA AOPOTH:
pasgenurtennHas nmonaoca, 3, 5, 7, 15, 25, 50 n 100 M. Ha ocTta.s-
HBIX aBTOAOPOrax Te JKe pacCTOAHNA, KpoMe paslennTesbHOI
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nosoch. CTanuoHapHble IMIOUWAAKH OblJIM BbBIOpAaHB Ha 74-M KM
aprogopord Pura—IIckos, 11-M M asrogoporu Pura—Jlnenas
(uepes Kannunemc) u Ha 60-m kM astopoporn Pura—]Ilayrasnuc.
VHTeHCHBHOCTL JBHXEHHS TPaHCNOPTA Ha 3THX aBTOLOPOrax MOYTH
BIBOE MeHblue, uyeM Ha asTojopore Pura—IOpmana. AsTomoporu
BbIGpaHBl ¢ TAKHM pacyeToM, 4TOObI OHH NPOXOAHJIL N0 PasNHUHbIM
tdhnsnko-reorpadpuueckum pafionam pecny6aukH. CpaBHHTENLHO HII3-
Kas MHTEHCHBHOCTh ABHXKEHHS TPAHCNOPTA OTMeueHa Ha aBTOJAOpOre
IV kareropuu Canoxa—Pos, rie TpaHCNOPTHBIX €AHHHL HAaCYHUTHIBA-
ercs okosio 2000 B cytku. CraunoHapHaa nJjoulajka nojo6paHa Ha
13-M KM 3TOrO LlOCCe.

[Tocne 2-MecsiMHOTO SKCNOHUPOBAaHHS 06pa3Ubl MXa BHICYLIH-
BaJH, pasmesbuand. [Ina ananuza Gpajn cpeanuil obpasen Mmaccolt
5 r, cxxkuranan B Mydeae npu temnepatype 450—>500°C. Tlonyuen-
HYIO 301y 06pabaThiBaJH KOHUEHTPUPOBAHHBIMHI a30THON Il cONsAROM
kucaoTaMu. KHenoTel ypansan BpinmapiBaHiieM, OCTATOK 30Jbl pac-
TBOPAJH B pa3baBJIeHHOH COJNSHOM KHCJ0Te, 3aTeM (UABTPOBAJH.

KoHueHTpauunio CBHHLA, UHHKA, HUKEJIA H APYrHX 5JIEMEHTOB
ONnpefessiIMi Ha aTOMHO-alcopOUHOHHOM cnekTpodoToMerpe Ilep-
knH—3aMep 403. [TonyyeHHble pe3yabTaTHl NepecyHTHBAJH Ha ab6-
COJIIOTHO CcyXylo maccy. PesyabTaTel o6pa6aTbhiBaji CTATICTHUECKI.

KpuTepueM xapaKTepHCTHKH 3arpasHeHHd CJAYXHIN Kos(dir-
LHEHTH AHOMAJHH: COOTHOLIEHHE COJEep:KaHlfd MeTanna B 3arpas-
HEeHHbIX 06pa3slax MXa H HCXOAHBIX, T. €. 10 3KcroHuposaHus. Cpen-
HHe HCXOJIHble NaHHBle COAepXaHHs MeTasloB B ofpasuax Sphag-
num magellanicum Brid., co6panunx Ha Gosote Jluenaiic Tupe-
auc B nepuox 1979—1985 rr., crenyiowne: Ca — 0,240,014, Mg —
0,13+0,015, Fe — 0,08+0,012%; Sr — 3,640,5, Pb — 22,04:4,3,
Cu — 3,840,62, Zn — 49,04-7,0, Ni — 3,740,563, Cr — 2,6+
+0,34 Mr/kr. TH KaHHble HCMIONB30OBAHbl NPH pacueTe Koa(dHiHeH-
TOB aHOMaJHil COJAEp:KaHHs MeTannoB B ofpa3uax Mxa, IKCNOHI-
POBaHHLIX Ha PasJHYHBLIX aBToAoporax pecnybamki. Ha pucynkax
HCXOJHOE coJepXKaHHe MeTajoB 0003HAYEHO NYHKTIIPOM.

PesyabsTaThl ¥ ux o6cyxpeHue

Paapa6orka mertoamku. ns H3yueHHs MexaHI3Ma MNOTVIOLLEHHS
MXOM MPOAYKTOB 3IMIICCIIH aBTOTPAICNOPTA il BO3AENCTRIIA OCANAKOB
Ha COAEPIKaHIC THAXKEJNbIX METaJJOB B c(parHoBbIX NaKeTax, a TakXKe
ONpEAEeNCHHA ONTHMAJNbHOTO CPOKa 3KCMOHUPOBaHUA Obl1 NOCTAB-
JeH noseso# onelt. CharHoseie nakeTsl Maccoil Mo 6 r pasMewliani
Ha TeppUTOPINI METEOPOJIOrHYECKOi cTaluin! Ha pacCTOAHHH 5 M
OT npoe3xei nactit yanubl Ha Boicote 0,3 M HAA YpOBIIeM TMOUBHI,
¢ npHkpuiTHeM H 6e3 Hero. [lpojposkiitenbHoCTh BO3AeficTBIA 3a-
rpasHeHns 6uina ot 49 no 198 nuell (49, 80, 118, 142, 179 n 198
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Puc. 1. B3anvocBA3b NHAKONICHHA CBHHUA € KOJHYECTBOM
OC3AKOB 11 KONMENnTpauucil OKHCH Yyrjepofa B pasanunbie
NEPHOAL HCCACA0BANNS,

I —  MAKCHMOALHAN  KOWICHIPALLGBL  OKHCH  yraepoaa  {(sr'sm'); 2 —
CYMMa ocaisul (MM); J -~ AWl ¢ ocaikaMie (Y% K ofiuemy Kodu-
HECTRY  AHul SKCHOHNpOBaniM). 4 — HAKOIJACHHC cuiHRa  (Mr/Kr) aa
nepuoan: 2L INV- 7N 20N s VI L0, 210V-3.X1 5 — nakonae-
e  Ccounig  (mr/ery  sa flepuoaw: 2L1V--7.V!, 7.VI—8.VII,

14.X  3.X1L.

aneil), Coaepaanie 3arpasicHiisl B MakeTax oOnpeiessiii KaKALle
30—35 auneii.

Kak noka3zaan pesyviLTaTul NPoBelentblX HCCACI0BAINNIT, HaKkon-
nenie saemeuros Mg, Ca, Sr 10Boqbllo cxodnoe, a Hakom.Ieilie
Tskeaulx setantos — Zn, Ni, Pb, Fe, Cr i1 Cu — Hecko.1hKO pas-
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Puc. 2. KyMmyastupiioe nakornjenue cBHHIa (Mr/Kr) B
charHoBLIX NakeTax noJ NPHKPHITHeEM H 6e3 Hero B
pasmiyHble NEepHOAB HCCJAeN0BaHHUSA.

Conep:kanHe cBHHUA B Naketax: / — 6e3 NPUKPBITHA, 2 —
C MOPHKPLITHEN.

JH4aeTcd. DTa 3aKOHOMEDHOCTb NOATBEpKAaeTcss Takxke obpaso-
BAaHHEM KODpEeJSIIIHOHHBIX MJIeSA MeXAy napamu sjementon. Hamu
BLISIBJIEH BbICOKII YPOBEHb KOPPENALHOHHEIX CBA3EH MEXAY XPOMOM
u Hukenem (r=0,89), mMaruuem u >xesnesom (r=0,85), cTpoHuHEM
n Kaabunem (r=0,70) npu roo.50=0,36. O6pa3zoBaHie NOYTH TaKHX
ke nap anementoB (Fe—Co; Ni—Cr) Bo Mxax, npou3pacTamouux
B €CTECTBEHHLIX YCJNOBUAX H NOABEPMEHHBIX BO3NEHCTBHIO 3arpas-
HeHHd, oTMeuaioT H Apyrue astopwt [30]. 3to cmumperenncTByer,
4TO OAHHM H3 (JAKTOPOB, ONpelesAIOLIHM TNOrJOLIeHHe 3arps3He-
HHA chardHoBbIMil 06pasuamH, SIBJISIOTCH KOHKPETHblE 3J1eMEHThI H
pa3mepel HX yacTHU. KyMyJaaTHBHBII YPOBeHb MarHiuf, KaJbUHA H
CTPOHUHA B NaxeTrax BO3pacTal paBHOMEPHO B TeueHlle BCero
neprona (198 nHeit) HccsenoBaHHA ¢ HeGONLIINM Pe3KHM MOAbe-
MOM B HauaJbHOI cTajHH HalJIOLeHHsT — B Hallem cayyae ¢ 21.1V
no 7.VI. B To xe BpeMs aJsd CcBMHLA, LHHKa, XeJse3a, HHKeNd,
Xpoma, Menll XxapaKTepHO HepaBHOMepHoe HakonJseHwe. B kauecTse
npuHMmepa npHuBeACM AlrarpaMmy KYMYJASITIIBHOrO HaKOMJIEHHA CBHHLLA.
Ha puc. 1 npeacrasieHbl: X04 KYMYJATHBHOMO HakonjeHns CBIHUA
B TeuenHe Bcero skcnepumenta (198 mneii), Hakonaenire Pb, cymma
ocankoB (MM) 1 IHH ¢ ocaakami (Y% K of6lIeMy KOJAHUECTBY JHEH
9KCMONMPOBAHISI) N0 MEPHOAAM 1ICCJALAOBAHHS, MAKCIMAJILHAS KOH-
ueHtpauuss CO (mr/m%) 3a BpeMs 3KkcnoHiupoBaHHs (AaHHLIe Ynpas-
JeHHs MO TMAPOMETEOPOJOrHH 1 KOHTPOJIO TPHPOAHON cpelbl —
YTKC).

OfHHMM H3 OCHOBHBIX WHIrpELHEHTOB BBIXJIONHBIX ra30B aBTOMO-
6uaLHOrO TpaHcnopra siBasercs okncb yraepofa [10]. dtor noka-
3aTeab, Tak Xe kax Pb, B npnsemuom cnoe atmocdepnl BO MHOTOM
34BVCHT OT MHTEHCHBHOCTH ABHMIKEHHA aBToTpaHcnopra. KonueHtpa-
uxsa Pb 1 CO B Bo3anyxe OAHHAKOBO yMeHblliaerca ¢ Bbicotoil [14].
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370 Mo3BOJNAET AJA MPOBEPKH aleKBAaTHOCTH Hakonseuus Pb B na-
KeTtax ucrnosab3oBaTh naHHble YI'KC o konnuectse CO B npH3eMHOM
cjoe atmocdepnl. CpaBHeHne cofepxkaHHsg CO B npH3eMHOM cJloe
armocdepn! ¢ KoJanyecTBoM Pb B nakerax no mepuoaam muccienosa-
HHUA BbIIBASET CXOAHBI XapaKTep 3THX Tokasareneil (cm. puc. 1).
Mo HO cuuTaTh, YTO COAEPIKAHUE THAMKEBIX METAJIJIOB B CIEIHAJbHO
SKCNOHHPOBAHHLIX MAKeTax alleKBaTHO OTPaXKaeT XOJ 3arpA3HEHHH B
KOHKDETHbI1 NMepHoi BpeMeHIl, ec/JH BpeMs 3KCIOHHPOBAaHHSA OKOJIO
MecAUa.

Ta:eable MeTabl, B JAHHOM cJydyae CBHHel, B NepBHI nepuon
uceaenopadus (¢ 21.IV no 7.VI) (em. pric. 1) HHTEHCHBHO Hakam-
JanBaloTcAd B cdarHosom nakere. B gpaabHelfileM KymyJnaTiBHOe
HAaKOMJIeHHe MPOUCXOAHT MeHee HHTEHCHBHO Il He NPAMO NpONopLUio-
HaJlbHO COJAEPAHHIO TSNENLIX MeTaJsJIOB B MPI3eMHOM CJIOE aTMOC-
<¢eprl. Hakonneuuto sarpsisHeHilss B nakeTax crnoco6CTBOBaNIl yMme-
peHHbple ocaakn B mepnoa ¢ 21.I1V mo 7.VI u ¢ 8VII no I5.VIIL
310 oObscHAeTcA, BO-NEpPBBIX, NPAMLIM BO3AeiICTBIIEM O0CaAKOB,
KOrAa 3arps3Hsolllie 3JeMeHTbl BHOCATCA B carHosble NMakeThl C
JOXJEM, a TakiKe Bo3pacrawllell ¢cnocoBHOCTbIO K TOMIOWEHII0 H
YAEPKIBAHIIO 3arpA3HAIOMIIN BELWeCTB BAaXHHM MxoM. Bo-sTo-
PBIX, BJAXHas [OroAa yBeJIUIIBAeT COAepiKalile YacTHL TAMKEeNbIX
MeTaJJIOB B NpH3eMHOM cJsoe atmocdeprl. Buandaitne ymepenubx
0CaJKOB NOATBEpPIKAAETCH CPABHEHIIeM coJepXKaHHs CBHHUA B cdar-
HOBBHIX NTaKeTax, HaXOAALIINCA NOJ NPHUKPHTHeM 1 6e3 Hero. B nake-
Tax MOA TNPHKPBITHEM HaKoM.IeHile cBuHUAa npumepHo B 1,2—4,0
pa3a MeHbllue, I He HabaAaeTCa pedkux Konebauuii ero copepira-
HHS To nephoaam IliccaefoBanust (puc. 2). Hanpumep, oTHoutenHe
MEeXy MaKCHMAaJIbHBIM 11 MIHIIMaJbHBIM YPOBHAMII cOJepiaHus
‘cBHHLA B TNakertax nonx npuspeitieMm — 1,3, a 6es nero — 2,1.
‘Ondako npu obi/bHBIX 0CalKkaX BO3MOXKHO BbIMBIBAllHE HEKOTOPHIX
3seMenToB OT 5 10 60%, Hanpumep, ceununa — Ha 30—60%, uuHka
" Kaabunga — Ha 30—509, xeneza — Ha 5—20%, B 3aBHCHMOCTH
OT AJNTENBHOCTH SKCIOHIPOBAHISA Il YPOBHS HACLILEHHA [aKEeTOB
[8]. B cyxywo noroay, ecaii MXI OY€Hb HACBILE!B TAXKENbIMII
MeTannaMii, NMPONCXOANT BLIBETpIiBaHNe mocjefHnX (cMm. puc. 1).
IT0 OODBACHAETCH TeM, YTO B naketax GoJsiee HachilleH HapywkHbIil
(0,5—1,0 cM) caoit mxoB, kKoTopuil conepxur 60—75% obuiero
KOJIYeCTBA TAKENbIX MeTa/qoB Bcero nakera. [lostoMy Heuene-
€o06pa3Ho 3KCNOHHPOBATL carioBble nakeTsl Gosee ABYX MeECsICB,
M H3rOTaBJBaTh HX CJelyeT OANHAaKOBHIX pa3MepoB. Kpome Toro,
JAJS NOBBILEHIA noraouaouleil cnoco6HOCTII NMAKETOB AEPe] KCIMo-
HHpOBaHlleM o6pa3ubl Mxa HeoOXOAHMO YBJAAXKHATH AHCTHAJNHPOBAH-
Hoii BOZOII.

OG6o6wan n3ioxeHHoe, MOKHO 3aKJAI0UNTL, UTO ¢pariosuil Tect
MOJKHO 1ICMO/b30BAaTh B KauyecTBe HHTErpasiblHOro NoKalaTeas 3a-
rpasHeHna. ComepacaHile TKeAblX METANJI0B B NaxeTax charHopnix
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Conepxanue meranios B ofpasumax mxa, SHCTOHHPOBAHHEIX. Ha 15-m Kuaomerpe |

Paccroanune ot

Paanenu-
BnemenTt TeabHAR
nonoca 3 5 7
Ca, % 1,29+0,36 1,:67%0,19 1,48+0,27 1,19+0,23
Mg, % 0,52+0,07 0,63+0,11 0,580,114 0,49+0,09
Sr, Mr/kr 35,5+6,3 44,1+6,0 38,679 32,2+4,5
Fe, % 0,33=0,04 0,61+0,09 0,40x0,07 0,34+0,06
Pb, mr/xkr 98,1123 134,4+12,4 108,3+7,4 86,7x11,8
Cu, Mr/xr 14319 23,3+44 16,6+3,2 13,327
Zn, mr/xr 169,2+ 18,1 206,3+21.8 165,8+ 15,6 1562+ 11,3
Ni, mr/xr 10,2+ 1,3 13,4+0,85 10,1+=1,8 9,1'+0,76
Cr, mr/kr 12,9433 16,2+2,4 15,136 13,719

MXOB a/leKBAaTHO OTpa)KaeT 3arpA3HeHHe OKpyxkalollell cpelbl TaXe-
JBIMHM MeTaJJlaMH, MPOJAYKTaMH SMUCCHH aBTOTPAHCMOPTA, a TaKXKe
KajlbllHeM, MarHHeM H CTPOHILIEM B NPH3EMHOM cJioe aTMmochephl.

Charnospiil TECT — nOKazaTesib 3arPA3HEHUSA NPUAOPOKHON 30HBI |

TAXENbIMH MeTaJnaMH. Pe3yinTaThl MNOHCKOBBIX HCCIe€QOBaHHi ¢
HCNOJb30BaHHEM c(arHoBOro Tecta NpeiCTaBJeHH B Halled mnpe- |
Apinyied pa6ore, rje 3arpsi3AeHHe NPHAOPOXKHOH 30HB MeTaaNaMu

Azlxz
140

1201

100 &

80

201"
1 |2

3

1123 |t

H

3

4

23

1

H

3

Pasg. 3
noACCa

SM Tm

15m

Bm

Puc. 3. Copepxanne ceuiina (Mr/kr) B ofpasuax Mxa, 3KCNOHIPOBAl-
HHIX HA Pa3NHYHBLIX PACCTOSIHHAX OT noJaoTtHa popor: | — Pura—
IOpmana;, 2 — Pura—[layrasnuac, 3 — Cnoxka—Pos.



-agropoporu Pura—IlOpmana s 1981—1985 Tr.

Ta6bnuua 1

NMONOTHA RODOTH, M

15 25 50 100
1,04+0,18 0,87+0,13 0,74+0,08 0,54x0,24
0,43+0,06 0,38+0,04 0,36=0,03 0,2920,03
3,444 23,0+36 15,4+2,1 I11+=44
0,30+0,05 0,26 0,04 0,23+0,03 0,29+0,03
66,7+ 10,1 55,3%5,5 42,8+4,1 36.4x48
11,216 9,56+2,0 8,8+0,79 59+0,3

140887 1224+ 14,1 955+6,8 78,1=14,1
730,71 6,9+1,2 54x0,56 1,8+0,35
11,7+2,6 84+1,6 81x25 6.3+0,84

6bIJI0 H3YYEHO TOJIBKO Ha HEKOTOpoM paccrosdHui ot poporu [13].

3a nocsaenHHe roabl
Pe3aynbTaTel NATHAETHHX HCCJIEAOBAHHH Ha
purr Pura—IlOpmana oTrpaxeHe B Tab.J.

3TOT BOIIPOC H3YyUeH

Gosiee  neTAILIO
asTopopore | kartero-
1, 2 u Ha puc. 3, 4.

IMupuHa nmpoeseii uacTu 3ToH aBTOmOporu 22,5 M ¢ 5-M pasznenu-
{ TenpHOH mnosiocolt. CaMbie BLICOKHE YDOBHH 3arps3HeHHS CBIIHUOM,
LUHHKOM, MeIblO, XPOMOM, JKEJe30M H HiKeJeM B o0pa3uax Mmxa,
IKCNOHHPOBAHHBIX HA 3TOH aBToMOpOre, HabJAOAAIOTCA B pasjeil-

TeJbHOH moJsoce, 3, 5 1 7 M OT TONOTHa

nopori. 3To Xopollo

COrJlacyeTcs ¢ HalIHMH NPEeAbIIYINIMIl Pe3ysbTaTaMH, KOria Mak-
CHMaJIbHOE 3arps3HEeHHe HMEJO MeCcTo B pa3lenuTe/]bHOi noJoce
u 5-m 3one. B 15-m 30He cojep:kaHHe 3THX METaJJOB IO CpaBHe-

HHIO ¢ 3-M 30HOH cHH3Iock Ha 30—509%. C

yBeJHYEHHEM PaccTos-

Tabanwua 2

Koagduunentot anomaniin cogepxanun mMerainos B obpasunax mxa,
SKCMOHHPOBAHHKIX Ha 15-m xunometpe astopoporn Pura—HOpmana

B 1981—1985 rr.

Sire- Pasne- Paccrosniie OF 110AGTHA AOPOTIL M
TeabHaA

MenT nonoca 3 | 5 | 7 | 16 | 2% | 50 100
Ca 6,4 8,3 7.4 59 5,2 4.3 3,7 27
Mg 40 48 45 38 33 30 28 929
Sr 10,0 12,2 10,7 89 8,7 6,4 4,3 3,1
Fe 4,1 6,4 5,0 4,3 3,7 3,2 3,0 25
Pb 45 6,1 4,9 3,9 3.0 2,5 1,9 1.7
Cu 3,8 6, 4.4 3,5 29 2,5 2,3 1,6
Zn 3,4 4.2 3,1 2,8 29 2,5 1,9 1,6
Ni 2,8 3,6 2,8 25 1,9 19 1.5 1,3
Cr 50 6,2 5,8 52 4,5 3,2 3,1 2.4
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Puc. 4. Comepxanue yuugka (Mr/kr) B o6paslax MXa, 5KCIOHHDPOBAHHBIX Ha
Pa3JIHYHEIX DACcCTOSHHAX OT nojorHa jpopor: | — Pura—lOpmana; 2 —
Pura—Jayrasnnac; 3 — Caoka—Pos.

HHA OT JOPOTrH YpPOBEHb 3arpsA3HeHHA MNOCTENeHHO CHHIKAaeTcs, HO
naxe Ha 100-M paccTOAHMH He AOCTHTaeT HCXOAHEIX BesnuynH. Koag-
¢hHUHeHTH aHOMAaJNHH COAepXKaHuA 3THX MeTaqnos Ha 100-m pac-
CTOSIHHH mpeBbllaloT doHoBule B 1,3—2,5 pasa. CoxepxaHile Kasb-
IlHsl, MArHHA H CTPOHUHS, NOJOGHO NEpEeUlCAEHHBIM 3JEeMeHTaM,
MaKcHMaJibHOe B pasflesIHTEeNbHOH NoJioce, Ha paccTosiHuu 3, 5 u
7 M. CpaBHHUTEJbHO BBLICOKHH YDOBEHb 3THX 3JEMEHTOB COXPaHf-
ercsl Ha paccrosuuu 15, 25 n 50 M (cm. Ta6n. 1, 2). Bonee BoIpa-
JKEHHOE CHHXKEHHE CONEprKaHHA KaJbLUHS, Marhug i CTPOHUNS OT-
meuveHo Jaullb Ha 100-m paccTosiHHMH, XOTA I 3Aech KO3DPHUIEHTH

anomaJiHi BbicOKHE — 2,231,

Kax nokasuisaioT NaHHble, YypOBE€Hb 3arpaA3HeHud H3YYEHHbIX |
HaMH 3JIEMEHTOB B 06])3311.3)( MXa, 3KCIIOHIPOBaHHBIX B pasfeH-

- -Pow

TeJIbHOM NoJioce, ropas3fo HHiKe, yeM Ha 3- H 5-m paccroanmi Ha |

Halll B3rJIAJ, 3TO fIBJEHHE YACTHYHO MOXHO OOBACHITh nepewmele-

HHEM BO3AYUIHBLIX TOTOKOB, OGPBBYIOLU,HXCH NMpH BCTPEYHOM MHOIO- |

PSAHOM NBHIKEHHH aBTOTpaHcnopTa. B pesysnsTaTe B3anmoaeiicTnin

BO3AYLUIHBIX NOTOKOB Il 60KOBOTO BCTpa 4YacTb NPOAYKTOB 3MIHICCHH ¢
H TNBIJTH BbldpaCbIBaeTCﬂ-lB paBIle.leTeJleOfI NOJIOCHl Ha OéO‘]HHy )

goporu. CxonHble QaHHBEe B JNTepaType HaMm He yJasoch HallTh.
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Puc. 5. Coornotenne coiepkatis HexoTopulX Merannaos (%) s o6-

pasmax MXa, IKCNOHHPOBAHHEIX HA pAa3NHYHBLIX PACCTOSHHAX  OT

nonotia goporu Pura—HKpmana B 1979 r. no cpasHenuo ¢ 1981—
1985 rr.

B uccaeloBaHuaN, rie OB NpoBefeH XHMH4YECKHH aHa/Iu3 3Ja-
KOBBIX, TIPOII3pacTalol(liX B pas1e/lTe/bHON MoJoce, NOAYYEHbl Npo-
TIBOMOJOHBIE pe3yabTaTsl [19]. Yposens 3arpssuentst meransaamil
3fech GBI/ BHILIE B Pa3felTenbHOll noJoce,

TAxenple MeTaansl N0 CTENEHIN 3arpsa3HeHHs HMIl 06pa3LoB MXa,
3KCMOHIIpoBauHLIX Ha aBtonopore Pura—IOpmana Ha 3-M paccrofi-
HuI, pacnosaralorcs B caefyioiiem paay: Fe>Cr>Pb>Cu>Zn>
>Ni; kosdouueHTsr anomanun — 6,4>6,2>6,1>6,1>4,2>3,6
COOTBETCTBEHHO.

Ha puec. 5 npencraBsieHnl  pe3ynbTaThl HalIHX HCCJAEJOBaHIH,
nposeneHHbX Ha astojopore Pura—lOpmana B 1979 r. JlaHHule
NOKA3LIBAIOT, UTO YPOBCHb 3arps3fieHis CBHHUOM, HUKEJeM, Xpo-
MOM H Melblo B 1979 r. 6wl 3uauuTeNbHO BbilIe, yeM B 198 —
1985 rr. Ocofentio ueTKO Ha 3TO YyKa3blBaeT coj/lepikaHlie Ha3BaH-
HBbIX 3J€MEHTOB B 00pa3liaXx MXa, 3KCIOHHPOBAHHBIX B pasfeNiTelb-
Holl moJoce, Ha 5- 1 7-M paccTodHIN OT MoJoTHa jaopord. Ha waw
B3I/IA1]1, CHIDKEHIIe YPOBIsI 3arpsi3Henis B MocaefHlie ToRbl o0bsic-
Hsetcs TeM, uro aBtoaopora Pura—IOpwmana 6nina pasrpyxeda n
HHTEHCHIBHOCThL JBIKEHNIA TpaHcnopra Ha Hell CHH3IL1ach NpH-
MmepHo Ha 40%. [locse oTkpuiTisa o6ne3anoil noporn Pura—Jluenas

15



(uepes Kanunumemc) Tpy3oBOil TPaHCHNOPT, a TaKiKe 4acTb TpaHC-
TI0pTa HHAHBHAYaNbHOTO TNOJbL30BaHKA OblH HanpasJjeHbl Ha 3Ty
asrogopory. Ha asromoporax Pura—IlIckos 11 Pura—/[layrasnuac
ypOBeHb 3arpsi3HEHHS H3YYEHHbIMH 3J/IEMEHTaMH B 3TOT MEPHOR
MPaKTHYECKH He H3MEHHJCA To cpaBHeHHio c¢ 1979 r.

PesybTaThl M3MeHeHHs COAEp:KaHHA MeTanJoB B o6pa3uax Mmxa,
3KCNOHHPOBAHHLIX Ha aBTojopore Pura—JlayraBnuac, npepcras-
JeHsl B Taba. 3 m Ha puc. 3 u 4, Pura—IlckoB — B Ta6a. 4,
Pura—JIuenaas — B Tabn. 5. Ha 3TuHX aBTONOpPOTaX HHTEHCHBHOCTH
IBHKEHHS aBTOTPAHCIIOPTA MOUTH BABOE MeHblle, YeM Ha aBTOJO-
pore Pura—IOpmana. AsTomoporu 3To#t rpynnel oTHocaTcs K 11
KATeropuu, H B MecTax, riae 6ol Bol6paHbl CTALHOHAPHBIE MJO-

Ta6auua 3

KoapduuneHTnt aHomannu coaepxanna metananos B ofpasuax mxa,
SKCMOHUPOBAHHKMX Ha 60-m xuaomerpe aBbrogoporn Pura—Jlayraenuac
B 1981—1985 rr.

Sne- | PaccrofnHe OT MONOTRA AOPOTH, M

ment | | B 7 | 15 26 | s | 100
Ca 14,5 13,2 11,3 10,2 8,3 5,8 3,9
Mg 6.3 8,4 6,5 48 4,1 3,0 2,4
Sr 97 9.3 8,2 75 6,1 4,1 2,7
Fe 4,0 4,0 3,8 4,1 3,3 2,4 2,1
Pb 2,8 2,9 2,5 2,2 2,1 1.7 1,4
Cu 2,9 2,6 2,2 2,0 1,8 16 1,5
Zn 2,7 2,7 2.3 23 1,9 1,7 1.3
Ni 36 4,1 2,7 2,6 2,5 2.0 1,4
Cr 4,7 4,7 4,5 3,2 2,8 2,3 1,9

Ta6anuna 4

Kosbduumnentut aHoManuu comepxavua metaanos B o6pasnax mxa,
9KCNMOHHPOBAHHLIX HA 74-M KujomeTpe aBTojpopord Pura—Ilckos
B 1981—1985 rr.

PaccTofikite OT MOAOTHA MOPOTH. M

2ne-

HeHT R 7 15 5 | s 100
Ca 11,2 10,9 8,8 8,7 6,4 4,4 2,9
Mg 5,7 49 4,0 3,6 3,2 2,8 2,2
Sr 6,3 6,0 5,1 55 4,9 3,1 2,1
Fe 3.6 3,9 3,0 3,5 2,2 2,1 2,0
Pb 2,5 2,6 2,5 2,3 1,9 1,7 1,4
Cu 2.7 26 2.3 20 19 17 1.3
Zn 2,6 2,9 2,7 2,3 1.9 1,5 1,3
Ni 2,4 22 2,3 2,2 1,9 1,9 1,5
Cr 2,7 2,6 2,5 2,4 2,3 1,8 1,4
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Ta6auua b

Kosthdsunentnt aHomannn copepmanus Metannos s o6pasuax mxa,
9KCNOHHPOBAHHMLIX HAa 11-M Kunomerpe astomopord Pura—Jluenasn
B 1981—1985 rr.

Sne- PHCCTOHHHE OT TONOTH& AONDOrH. M
MeHT 3 | 5 7 15 | 25 50 100
Ca 11,8 11,9 8,9 7.8 7,5 5,0 3,3
Mg 57 5,0 4,5 4,3 3,8 29 2,2
Sr 7,4 72 6,3 4,8 4,8 3,2 1,9
Fe 4.0 4,4 4,0 3,0 3,0 2,5 2,0
Pb 2.8 2,9 2,7 2,5 2,2 1,8 1,4
Cu . 3,3 3,5 2.8 2,5 2,1 1,9 1.5
Zut 3,1 3,2 28 2,5 23 1.8 1,6
Ni.- 2.8 2.4 2,1 2,3 1,8 1,7 1,3
Cr 4,1 - 4,1 3,8 3,2 3,0 2,3 1,9

WaAKH, pasfequTe/bHas nosoca orcytcTBoBaja. lupuna npoes-
XKeHl vacTH cocTasasger 7,0—7,5 m c 3-M OGOYHHOH, ABHIKEHHE
aBTOTpaHCnopTa AByXpsanHoe. [1o YpOBHIO 3arpi3HEHHSI 3TH aBTO-
JOpOrH CPaBHHUTeNbHO OJI3KH, XOTS HMEIOTCS H HeKOTOphle pas-
JHYHA. MaKcHMaJjbHOe cOAepXXaHHe H3YYeHHbIX METaJlIOB, TaK XKe
KaKk Ha aBrojpopore Pura—IOpmana, otmMeseso B 3, 5 H 7 M OT
nonoTHa fopord. C yBeJMYeHHEeM pacCTOAHNA YDPOBEeHb 3arps3HeHis
NI0CTeNEeHHO CHHKaeTcs, HO H Ha 100-M paccTOsIHHI HEMHOro mnpe-
BbllaeT ¢oHOBHIe BeNHUHHEL. OcoleHHO OJU3KH 3TH aBTOAOPOTH MO
YDOBHIO 3arpfi3HeHHs CBHHLOM, WHHKOM, MeJbI0 H JKeJe30M.

YpoBeHb KanpLHfA, MardHiug 1 HHKeAs Bhllle B o0pasuax Mxa,
SKCIOHHPOBAHKBIX Ha aBrojopore Pura—[layrasnuic (cm. tabi.
3). Pasanunsg ocofeHHO ueTKO BHAHBI B 3- It O5-M 30HE M COXpaHf-
forcs 1o 25-m paccrosHng. C yBesJHYeHHEM DACCTOSHHA Dasfuulis
MeHee Bbipa)KeHbl. 3HAYHTEJbHO HHXXE YPOBeHb CTPOHUHA ¥ XpoMa
B o6pasuax Mxa, 3KCNOHHPOBaHULIX Ha aBTojgopore Pnra—Ilckon
(cM. Taba. 4). B ofpasuax mxa, SKCNOHIIDOBAHHBIX HAa aBTOROpOre
Pura—Jlienasa, HEMHOro BHILUE KOHIEHTpaulst melu (cM. Taba. 5).

B ortauune or aBrogoporu Pura—IOpaana, Ha 3TiiX aBToAOpOrax
CHHXKEHIle YPOBHA CBHHLA, UlHKa, Xele3a, MeAll H xpoma B obpas-
pnax Ha 30—60% no cpaBHeHIO ¢ 3-M paccTOsHHEM OTMEYEHO JHWb
Ha paccrosHin 25 M (cm. Taba. 3—5). D10 06LACHAETCH TEM, UTO
Ha JaHHbIX aBTOAOpOraX B pPe3yibTaTe B3alIMOAEIICTBIA BO3AYLIHLIX
NOTOKOB, 06GpasyloIIIXCA NPl BCTPCYHOM JABH:KeHun 6/13K0 ABH-
WKYIMHUXCS aBTOMAaUIIH, HX YacToro 3ae3la Ha ofouniy, a Takike
GOKOBOro BETpa, HOPOXKHAA TbIAL H MPOAYKTHl 3MICCHH aBTOTpalc-
NoOpTa paccelBalOTCa AAaJplic OT NOJOTHA AOPOTH.

[To-BHAHMOMY, TO3TOMY Ha YNOMSHYTHIX aBTOAOPOrax THAMEJble

2 — 2644 17



Ta6nuua 6

KosgdunuenTnl aHoMannu coaepxanHua metaanoe B olpasuax mxa,
SKCNOHHPOBAaHHBIX HAa 13-M kuxomerpe aBropoporH Caoka—Pos
B 1981—1985 rr.

PaccTofiHe OT NoOJAOTHA AOPOrH. M
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MeTaJJil B 06pa3uax MXxa II0 CTeleHH 3arpA3HeHHs pacnojaraoTces
B Apyrom- nopsinke, yeM Ha asTtogopore | kateropun. Tak, HanpH-
mep, Ha asTojopore Pura—JlayraBnuic HX pajx cJaedyOUIHi:
Cr>Fe>Ni> Zu>Pb>Zn; xoadpduunedTsl anomanun — 4,7>
>4,0>3,6>2,9>2,8>2,7 cOOTBETCTBEHHO.

HauMenbllag HHTEHCHBHOCTb JBHXKEHHfl aBTOTPAHCIOPTa, Kak
OoTMeuaJoch Bhlllle, Ha aptofopore IV kateropnn Cinoka—Pos. Uz
Taba. 6 ¥ puc. 3 U 4 BHAHO, UTO KOJHUECTBEHHOE cOJepiKaHHe:
CBHHIIA, UWHKA, HHKeJSl M Kese3a B o6pasunax Mxa, SKCNOHHPOBaH-
HBIX Ha 3TOH aBTOLOPOre, ropasfo HHXKe, ueM Ha ONHCAHHBIX BhILIE'
aBTopoporax. Pasnuyus B cONEp:KaHHH CTPOHIHSA, XpoMa H MeJH
MeHee BHpaxenn. MMeloTcst HeKOTophle pPa3fHuHsg B PANY pacnoJso-
KEeHHA TAXKEJNbIX METAaJJOB 10 CTeNeHH 3arpA3HeHIs.

3arpsidaHeHHe CBHHIOM, XPOMOM, 3KeJne30M, MEIblo, LHHKOM I
CTPOHUHEM ropasfio BHIe B o6pa3uax MxXa, 3KCIOHHPOBAHHLIX Ha
3- u 5-m paccrosuun amropoporn I karteropun Pura—IOpmana.
KosddHuuenaTsl aHOMaluy y 3THX 3JEeMeHTOB KonelJioTcsa B Mpe-
denax 3,1—12,2 (cM. Ta6n. 2). Bbicoklif ypoBeHbL LIHKA Ha 3TOM
110CCe OTMeYeH JIMIIb Ha PacCTOAHHH 3 M.

XapakTepHo, 4TO cOAepXaHHe KaJblUHA H MarHug B obpasuax
MXa, 3KCNIOHHPOBAHHLIX TIOUTH HAa BCEX PACCTOAHHUAX OT aBTOAOPOr
Pura—IOpmana (cM. ta6a. 1 u 2) u Caoka—Poa (cm. Taba. 6),
3HaUHTeJLHO HMXKe, ueM Ha Ipyrux aBropoporax. Ha maw Barssg,
3TO CBA32HO C TEM, UTO CTallHOHAPHLIE MJOLIAAKH OKOJO aBTOROPOT
pacrnojoxeHsl B IIpHMOpckoli HH3MEHHOCTH, rie TIpeo6JanaiT
THIHYHO MWJH JEePHOBO-NOJ30JICTHIE MecuaHsle [MOYBL, KOTOphIe
GeaHel  ymoMsHyTeMIl aqementamil.  CieloBaTeNbHO, HEKOTOpOe
BJAHAHHE Ha COJEPXKAHHE KaJbUIf 1 MArtig B 3KCMOHIPOBAHIBIX
charHoBeIX MXaX MOXKET 0Ka3aTb XHMHUYECKIH COCTaB MOYBHI.
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BripaxkeHHble pasjnyHs B yPOBHE 3arpsi3HeHus IPHAOPOIKIHOIlL
30Hbl aBTOAOPOr pa3HbIX KaTeropui NPOAYKTaMi 3MHCCHH aBTO-
TpaHcnopra HabJjwonaoTcs B npejejax 25-M 30Hb; Ha Oojee yla-
JIEHHBIX PacCCTOAHHAX YPOBEHbL 3arPA3HEHNS CHIKaeTcs N pasjiyid
MeHee BhIPaXKEeHbI.

B nurtepatype nmewoTcs CXOJHble AaHHble: MeTOAOM C(arHOBBIX
NaKeTOB [0KA3aHO CHIINIEHIIe cofepxaHusa cBiHua Ha 10-m paccTosf-
HHH OT NOJIOTHA Aopori B onxux paborax no 70% [19], B apyrux —
Io 409% [23, 24]. ITo-BuauMOMY, 3TH pasHorjachs, NOA0GHO pe3y/b-
TaraMm HalllX HCCJAEAOBaHHll, OODBACHAKTCA pPa3JHUHAMH B HHTEH-
CHBHOCTH HCIOJIb30BaHIIA 1l KaTEroplusax JA0pOr.

Hcxons H3 pesysanTaTOB HAlIBX HCCJAEAOBAHHI, MOXHO 3aKJ10-
YHTh, YTO NMPHAOPONKHYIO 30HY B YCJOBIAX Hallell pecnybJaHKH A0
25-M paccTOfiHHS He)KesaTeJbHO HCI0Jb30BAaTh AAS BHIPAUIHBAHHA
OBOILHLIX KYJbTYP, a TaKxe ynorpe6JsTh TPaBy HJH CEHO H3 3TOH
30HBI JJISi KODMJIEHHA CKOTa.
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mpeo6pa3oBaHHi, a He Ha 3alUHTHHKAX CYLIECTBYIOUIEr0 COCTOSTHHAL
' Takne orpaHHYeHHd B COYETAHHH C TBOPYECKHM MOAXOIOM K TOM)%
pauHOHa/JLHOMY 3epHY, KOTOPOE MOXET COJepXaTbCsi B Hiee 603061
.uieeo (Bcexo3sitHCTBEHHOTO) 3eMiieo60poTa, JOJXKHB obecrneyHTb Hes
oéxounmyto AJIst HOpMaJbHOTO (PYHKUHOHHPOBAHHS GHOCdepH H XO4
:3ARCTBA IKOA02UHECKYIO CTABUAUSAYUIO TEPPUTOPUAALHOLY CTPYKTYP
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RECULTIVATION AND TOTAL LAND ROTATION IN
CULTURAL LANDSCAPES

y B. Rodoman
Summary

The limited quantities of our natural resources call for the
introduction of a general land rotation system similar to the
systems of crop rotation practiced in agriculture. Natural reserves
and parks can be developed on lands recultivated after industrial
use and after the demolition of delopidated settlements. The cent-
tifugal waves of urbanization should be s{opped by redirecting
territorial development towards regional centres. In a ecologi-
cally balanced landscape its mobile parts should oscillate or
rotate around firmly established centres to ensure constant
preventive compensation for the damage caused to nature by
human activities.
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3dPEKT BO3JAENACTBUHA 3ATPA3HEHHUA
HA N PEBOHACAXI EHHSA '

0. 3. Huxonemyc, K. K. Paman, I1, A, lllapxoscknit
JlaTBHACKHA rOCYABPCTBEHHHA YHHBEPCHTET

ATMocdepHHe NOJNIOTAHTH HBIHE BO3AENICTBYIOT Ha OOILHpHBIE-
TEpPPHTOPHH JIECHRX IKOCHCTEM yMepeHHOH 30HH. OcobeHHO ocTpast
CHTyallusi CKJajlkBaeTcss B ypOaHH3HDOBaHHHIX KOMILJeKcax, rae
MHOTOYHCJIEHHNE HCTOYHHKH 3arpsidHeHds OOHWYHO pachoJOXeHb!
He3aKOHOMEpPHO H HX BHOpOocH (0COOGEHHO HeOpraHH3OBaHHbIE) He
MOryT OGniTh TOYHO yuTeHw [1; 2]. DTHM coanaioTcsi cBoeoGpasHhie
TPYAHOCTH AJAs BEIABJEHHA OCHOBHOTO 3arpsasHfouero o6bekTa,
HIpalolLero pelapllylo pojb B CHHXEHHH 6HOMACCH JECHBX 3KO-
cucteM, Kak noka3niBalOT MHOIMOYHCJIEHHHIE HCCJIEeNOBAaHHA, cpel-
HHe Harpy3kH aTMoc¢epHOro 3arpsi3HeHHs MOTYT CYLIeCTBEHHO H3-
MEHHTb HJH JaXe TIOJaBHTb PenpolYKTHBHOCTb ApPEeBECHHX NOPOL,
HapyWHTL KPYroBOPOT MHTATEJIbHEIX BeluecTB B Jiecy H MeTabosH3M
llepeBbEB HJIH BHI3BaTh CTPECCOBOE COCTOSIHHE jleca. DTO BO3AEACTBHe
MOXeT GHTb KOCBEHHHIM (uepe3 HaceKOMBIX—BpeJAHTeJel, naToreH-
Hbie¢ MHKPOOPraHH3Mbl) HJIH NPAMEIM (NOBpeXJeHHe TKaHH JIHCTbeB
HJIH XBoH). BoNbLIHHCTBO BHJ0B TAKOro BO3JefiCTBHS He CONMPOBOX-
JlaeTcq NOSBJieHHeM BHELIHHX CHMITOMOB H MOXeT GLITh O6Hapyxe-
HO TOJIbKO B MpOlleCCE CaMOTO TLLATEJbHOrO MOHHTOpHHra Jjeca [3].
Hast oueHku ypoBHA 3arpsidHeHHs 6oJibllOe 3HaueHHe npHOOpeTaloOT
HHTerpaabHbEie NOKa3aTeld U3MEeHEHHS NPHPOAHOH cpean. Kpurephi
It 3KOJIOTHYECKOH OlLeHKH 3¢@deKTa BJAHAHHA TeXHOresesa — 3TO
COCTOfIHHE KHBOro BellecTBa 6HoreoueHo3a: GHONPOAYKTHBHOCTb H
reHO(OHA ero He NOJIKHH YMEHbLIATbCSH, a B MepBHYHOH OHONPOAYK- -
IHH He HaKanJHBaTbCs TOKCHYHBIE XHMHYeCKHe coeilHHenHs [4].

Jliobas skocHcTeMa XapaKTepH3yeTCs TPeMsi rpynnaMH NpH3Ha-
KOB: GHOJIOTHYECKHMH, T€OXHMHYECKHMH H reoPH3HUeCKUMH [55). Buo-
JIOTHYEeCKHe TMapaMeTpn HauboJjiee TOYHO H HENMOCPeACTBEHHO OTpa-
KAIOT COCTOSHHE 3KOCHCTEMHI, a TAKXKe H3MeHeHHe ee BO BpeMeHH. B
JecHOM OHoreolneHo3e HanGojiee XapaKTepHHH KOMMOHEHT, HHTe-
rpajJbHO OTpPaXKaWIHA TPEHAH HM3MEHEHHA 3KOCHCTEMEHl, 3TO JpEBO-
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«CTOH — OCHOBHOH NpOAyLEeHT pHTOMACCHl H OnpeAesHTeab PyHKIHO-
.HaJIbHOH CTPYKTYPH clicTembl, CpeAH MHOrouliCAeHHbIX GHOJOrHYeC-
KHX TOKasaTesieil BeAYLLYIO pOJb HIpaeT NpHPOCT NO 3anacy W A0-
IIOJIHHTEALHBIA NPHPOCT NO 3anacy, Tak Kak 9TH NoKasaTtenn Gosee
HHTErpajbHO OTPAXKalOT KOMIJIEKCHOe BO3JeHCTBHE CPefbl H, KpoMe
TOro, MOryT GBITb HCMOJb30BAHBL A/ SKOHOMHYECKOH OUEHKH yliep-
6a [6; 7]. OaHako HeoBXxoAHMO OTMETHTBb, YTO GHOJIOTHYECKHE napa-
MCTPBE HE COAEPXKAT KOJHYECTBEHHBlE Il KayeCTBEHHble JaHHblE O
NPHYHHE STHX H3MEHEHHIl, KOTOPble PACKPBIBAIOTCA TOJNBKO Hepe3 reo-
XHMMHUYECKHe U reodpH3aHueckHe nokaszateaH. ONbIT reox|iMHYecKix He-
c/Iel0BaHHHA NOKa3blBAET, YTO CYLIECTBYIOT (DYHKUHOHAJbHbIE CBA3H
Mex 1y BelOpocaMH H TBepAO(a3HbIMH BhINAAEHUAMH H3 aTMOCephl
Ha 3E€MHYI0 NOBEpXHOCTb [2]. DTo nossonseT npeanoJoOKiiTh BO3-
MOXHOCTb HCNOJb30BaHHa JanawadTHOre cyberparta, KymyJlipylo-
Lero NOJJIIOTAHTH, AJNS H3yyeHHss H KapTHPOBallisi pacnpocTpaue-
Hus 3arpasdedns [8). Kak noka3nlBaloT naiui Hcc/ae10BaHNA, a TakK-
Ke 1aHHbe Opyrux aBTopoB [2; 8; 9; 10; 11], anann3 cHekuoro no-
KpoBa H GHONOrHYECKOro MaTepHaJsia AaeT mpeiacTaBiTesblibiec nail-
HbIE O 3arps3HeHHH B MEpPHOA BO3ACIICTBHS.

llenp panHo#t paBoTbl — HAMETHTL KOMIJIEKCHBIN 3KOJIO!0-reo-
XHMHYECKHA NOAX0A K oleHke 3¢(dexTa OTpHUATeAbHOro BO31eil-
CTBHA 3arpsi3HEHHs] HAa [APEeBOHACaXAEHHs, a TaKxe BbisBJACHIE Npu-
UHH YXYAIUEHHS HX NPOH3PACTAHHA B CJAOMKHBIX 3KOJOFHYECKHX YCAO0-
BUAX.

Jlna BHISIBAEHHS NPHYMH YyXYAILEHHS NPOH3pacTaHHs AeDeBbEB B
JPEeBOHACAXKAEHHUsSIX CceBepo-BOCTOMHOH 4yacTH . Purn ¢ 1983 no
1984 r. Hamu Obl1H NpoBeleHbl KOMITJEKCHBIE SKONOTHYECKIE Hcce-
NOBaHHs. ITH Jeca AJHTeNbHOe BPeMsi Kpome (pOHOBOTO ropoiCKOo-
ro 3arpsisHEHHs! HCIBITLIBAJH HEMOCPeACTBEHHOEe BJHAHIHE PiHKckoro
cynepgpocdaTtHoro 3aBoja. 3aBoa 6uia ocHoBau B 1892 r. u g0 1967 1.
NOCTEMNEeHHO HapallliBaa NPOHU3BOACTBEHHbIE MOLIHOCTH, a COOTBET-
CTBEHHO H HHTEHCHBHOCTb 3arpsA3HeHHs Bo3ayxa. B nepvox paGoTsl
3aBojla B J1eCOMAPKOBBIX HACAXKAEHHAX MpUJIEratollux TeppuTopil
HabJt0naN0Ch NOCTeNeHHOe YXYALIeHHe pPOCTa, yChblXaHHe Bepxyluek,
-a ¢ 1950 r. — W nosHoe yceiXxalHe OTAeJbHBIX fepeBbeB. [locae npe-
KpalleHHs MPOH3BOACTBA MHHepaJbHbiXx yaobpenuil ¢ 1967 r. orme-
yeHa vacTH4YHAA pereHepalts AeNpPecCHpOBaHHBIX [epPeBLEB.

Oanako Haunnas c¢ 1983 r. Habaonanocs peskoe yxyailelie co-
ctosiniiss AepeBbeB. Ha cpaBHHTeNbHO 60/bWIOH TEPPHTOPHH NPOSA-
BHACS HeKpo3 xBou (puc. 1), a Takxe yMmeubuienne oxsoeuisi, B
3TOM paﬁoue COXpaHHJachb XBOS nocJsiedliero o npeanocjaeglero roaa,
a B ICIIOBPCHKACHNDBIX JICCOHACAMKACHIAX — XBOA NpexHnx 3—4 Jser.
3 xonue 1984 r., nocse noapuiBa YCTOHYHBOCTH 61OreoileHO3a He-
KHUM TEePBHYHLIM (PaKTOPOM, Ha OTAEJbHEIX AepeBbsX NOSABHAHCH Bpe-
antenn (Tenthredinidae). das Buisisaenus atoro nepsnunoro ak-
TOpa naMn OLH HPOBEACHBI CllCLHANbHBIE HCCACAOBAHHA, KOTOpLIe
BEIHCL METO10M KOMMJIEKCHOR OLEHKH BO3AEHCTBHS 3KOJOFHUECKIHX

84



axTopos. B ouchuBaemblx ApeBOCTOSAX, B 3aBICIMOCTIl OT paccTod-
Hiist 10 GbiBulero cynepdocdaTioro 3aBoaa it lalipasJeiliis rocnoj-
CTBYIOUINX BETPOB, a TakXe OT YCJOBI penbeda, bl 3aM0AeHH
'MATL npobHbix naowaneit (puc. 1). Ha kaxzoil npoSuoi nacwanu

}34 Tt
X w

! L \
—=aAa DB Ac b

Pitc. 1. CxeMa pacniofiomeHis »Ta OHMNbLIX TOYCK n

fipodiuix naoutadefl cbopu  IMAHPHULCKOr0  MaTe:
pia’la, a TaKke paifod HCKpOsa XBOM.

Odosnavennsn: A 1...4 — cynepdocdarunit 3a-

sol; B 1...5 — pacnoaozkenie npoSiuX M.10ula-

deir; C 1...6 — »3Tadonnme Toukl cOopa XBOIf,
D — pailod uekpo3a XBol.

fIpoN3BOANACS C60|.) caenylioulix natiplX: pacnpeienetie yicaa ae-
peBbeB noO CTYNeHsiM TOJAWHHE, NOJAY4YEHHOE NYTEM CNAOWHOTO nepe-
CYeTa BCeX AepeBbeB,; BbicoTa U AHaAMETP 15 aAepenbeB AJA KOHCTPY-
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HpoBaHHs kpHBOH BuicoT. IlpupocTHeiM 6ypaBom [lpeccaepa ¢ AByX
NPOTHBOIOJIOXKHKEX CTOPOH MO a3HMYTY K LEHTPY 3MiCCHI Opanich
o6paslbl ApeBeCHHb BCeX PACTYWIHX [epeBbeB /s H3MepPeHHH LWii-
PHHBI TOAHYHBIX KoJlel. Bpasinck Takxke 06pasikl XBOH f10 rogamM 144
ONnpeneneHNs COAEPXKAHHS TAMXKEJAbIX MCTAJMOB I 06pasubl NOYBLI N[O
reHeTHYECKHM TOPH3OHTAaM.

JLJist KapTHPOBaHHSA TEPPHTOPHAJILHOrO pacnpeneseHils sarpsasde-
HHg O6bIH OTOGpaHbl NPOOB CHEXHOMO MOKPOBAa HENocpeiCcTBEHHO
fiepeq HauyaJioM cHeroTtaaHds, TOUKH 10 TEPPUTOPIIL pPacno.’1ara.llcs.
OTHOCHTEJbHO PaBHOMEPHO, C TaKHM pacdyeTOM, 4TOObLl no nploill-
JKEHHIO K BO3MOXHBIM LLEHTPAM 3MHCCHH YHCJHO TOHEK MNPOIOpLIIo-
HaJ/bHO yBeJaHynBaaoch. OTOOp Npod CHEXKHOro NOKpPoBa MPOBOAILI-
csl LIOpPaJOMHHHEBOH TPYOKOH ¢ HAHECEHHBIMH HA ee BHEWHIOW Io-
BEPXHOCTb JAeJEeHHAMH [JIA 3aMepa BbICOTB CHEKHOTrO [OKpOBA.
[Moowane nonepeunoro ceuenuss Tpy6kn — 30 cM? Hikusig vacts
B3sTOro cHexkHoro kepua (0,5—1,0 cM) orbpaceiBanach, 4TOOkl He
BHECTH 3arpf3HenHs yacTHUaMH nouBnl. Ha kamaoi artanonsoil tou-
Ke ot6upaJgoch no 10 KOMOHOK cHera, H3 KOTOPbLIX NMOJyua.lach OAHA
yepeatctinasi npo6a. Ilpobul oHoBOra sarpasieiis cHemiloro no-
Kpona 6paJjiiich B AOCTATOMIIOM OTAaJieHiil 0T 0OALUIIX TUPOILOB I
NPOMbILLJICHHBIX O6BLEKTOB.

Husi npesoctosi KoHTposieM cayxuan 30 yueTHbIX AepCBbEB, pa-
CTYULIIX B JieCOHAcaX<AeHHAX, HEe MNOIBCPrHYTbIX aHTPONOICHHOMY
BO3JEHCTBIIO, CO CXOAHBIM THNOM JitCa, KJAacCoM BO3pacTa u Go-
npteroM, Bee ofcsenoBalilble UlCTBIC COCHAKH OTHOCATCS K THAY
Jeca — cocuak 3ejeHoMowHHK (Pinetum hylocomiosum) 1V u
V Knaccop BO3pacTa, MpOH3PACTAIOLHE B OCHOBHOM Ha THIIYHO
CpeAHeno/130HCTOA NOUYBe ¢ nmecuanoil matepuHckoil nopo:oit, Tak-
CalliOHlan XapaKTePUCTHKa MPOBHBIX MJoUld1efl B NMOMEHT OICHKIL
npeacrasJsaeda B tabanie |.

Jlnst xapakTepHCTHKH n3Menells XoAa pocTa 0CIeAyCMbIN Ha-

Tadanua |
TakcauMoHHAad XapaKTePHCTHKA NPoOHBIX naouwanef
Texywnii upupocr
. = A - , = e
| g, | 8|32 | EE |gg&| == | g | 8=
SE| @2 | S2|583| 2% |&%| 28 2z 25
I 80—90 20 31,3 31,3 301 0,14 1,6 1.6
2. 60—70 16 25,0 8.4 66 0.30 2.9 2.5
3. 80—90 23,2 339 17,9 190 0,15 1.6 27
4 80—90 15,6 25,0 10,5 80 0,15 1,5 I+
5. 80—90 10,9 29,0 18,3 107 0.09 1,2 1,3
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caKl1eHlil npoBelel PeTpOCNnexTHBRBIT anain3 ApeBocTos MO MeTo-
anke M. 4. Jluena [6] ¢ Beigsaenies nanbonaee BamiibiX Takcailli-
OHHBIX NOKa3aTe el TeKyLIEero NpipucTa MO BLICOTE, RHAMETPY H 3a-
nacy 3a nepuox perpocnekuin (1946 — 1982 rr.). Hasa n3yvyenus ot-
BETHO[i peakuill JpPeBOCTOs Ha BO3delicTBHe adTponorexnoro thax-
TOpa onpeaened TeKyulilil A0NOAHIITENbHBIA NPIPOCT N0 3anacy
(RAC), B nmepeBoie na | m2? cymympl naowiaieii cedenus. [Tpunetie-
Hite pedyuuipoBatiHoro 3Hauenits RAC nosBoaser yuecTb BJHsiHIle
reTepOreHHOCTH NoAHOTH apesoctoeB. 3nauennins RAC Bobiuitcasiich
no eandofl nporpamme (PJIOBEP) ocucuki peakuiiit gpeBocTosi Ha
BJlIsiHIe (haKTOpOB Bo3deiicTBia [12].

B o6pasuax uccaeayeMmbix nous onpepensiiics: pHuy,o (noreH-
IIIOMETPIYecKkl), THIPOJANTHYCCKAA KHCJAOTHOCTL H cymMMa oOMmen-
Hblx ocHoBaHili no Kanneuy; noasusuboie KO 11 P,Os no 3rue-
py—Piunmy; rymye no Triopnny, obuunit asor no Keennasaio.

[Tpobul cliexHOro NOKpoOBa AJs aHafi3a NpoTanuBajHCh, a 3a-
Tem OTQUALTPOBEIBAAICE, (PHABTP BLICYWIIBAJACH I ONpelennnach
Macca TpYI1HOPacTBOpPHMDIX HacThu ia (uasTpe. B obpasuax cuera
onpeaeasan pH, a takme cojgep:kauie B iakoll 1 TBepuoil ¢asax
Ka/JblHdg, MapraHda, UHHKA, cBHHUA, KobanwTa, HUKend, KaaMmid,
Xpoma — Ha aToMHo-abGcopbunoHHom cnekTpodoTomerpe [lep-
kitH—3aMep 403. XiMilueckiil coCcTaB XBOH oNpenensn Cciaefyto-
uitm o6pason. Pasmesbuenneld  pacTuteabiblit martepian (&5 r)
cxnrann B mydene. INoayuennyro 3oay obpabaTbiBajil KOULEHTPH-
POBAHHBLIMII a30THOM I COJAAHON KHCJAOTAMH, KHCJAOTLI yAaaaall Bbl-
napusanien. OcTaTok 3046 pacTBopanii B pasbabiennoll coasnof
KicaoTe. KoHUEHTpaLIiO TeX xie 3JCMCHTOB OMpeRessiJi aTOMHO-
abcopOUIOHALIN MeTOo10M. Pe3yabTaThl  anaJjli3oB nepecHiTLIRAIN
Ha aBCOMIOTHO CYXYI0 MacCy pacTeHHil.

Flayueuiie nofiyuyeHHbIX pe3y.1bTaTOB NOKa3aJo, YTO ¢ ycTaloBJje-
HIICM Ta300MHCTIHbIX coopyenuit B 1962 1. 1 npexkpauienuem npous-
BO1CTBA MIlicpaJbtiblx ya06peniii B 1967 r. npon3ounio pesxoe yse-
JIYeHHIe TeKyILero A0NOJHUTENbIIOT0 npHpocTa (phic. 2), urto cBi-

HLeTeLCTBYCT O pereiepailliy HacazkacHuit. Maxcnnanbinoro 3na-
yeHlss ITOT iloka3aTtesas poctur B 1974 r. no 2-0ff npobuoil naoua-
an — 0,22 m3/y2% CpaBHHB n3MeHelis nokalaTejeil TeKyUICro No-

,TIOMIHHTELHOFO NPHPOCTA N0 3alacy Ha MCCAeAyeMBIX NPOOHLIX NJ0-
IaAAX, MOXKHO OTMETHTb CYLUeCTBEHHOEe OTJAHUIE 3TOro NoKka3arend
Ha 2-oit 11 5-oit npodubIx naomwanax. Ha sropoli npobHo# naioniaan
peakuild JepeBbeB KaxK Ha YyBeJHueHle 3arpssnenis atMmocdepsl,
TaK I Ha ee yMeHbuweniie 6bi1a 6onee ocTpoi. DTo MOKHO ObbRAC-
HiIITh HECKONBKHMH npuunHami. Bo-nepBblX, alHoe HacaxAeHle
pacnosioxeHo 6/xke Bcero K 3asoay (1,25 kM) 11 no unanpasaenio
TOCMOACTBYIOIIIX BETPOB B JETHHII NEepHOM; BO-BTOPLIX, OHO IMCET
OTHOCHTeNbHO HU3KYK noauoTy (8,4 m2/ra). Kak Buano Ha puc. 2,
Ha 5-off npobHoii nJoWaan B TeueHlie nocaedHix 14 jer Beduuiuua
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Puc. 2. VlamenenHe Texyllero JAOMNOJHHTENBHOTO
npupocta RAC (M%/m?) nox BospeficTBrem 3arpss-

HEHHA:
..... l-1 npo6GHas njowaib, ---- 2-a npobHas
naowaub; 3-1 npo6uas naowagab ——- 5-1a

npobHas MJOLLAfb.

TeKylllero AOTMOJHHTENbHOTO NMPHPOCTA OCTaBajach OTPHUATENbHOH.
B s3THX slecoHacaXKAeHHAX TeKYLHH NpHpocT no 3anacy (Zs) cuu-
3uica jgo 0,06 M3/M2%, a Ha ocTaslbHON TeppUTOPHY 3TOT NOKa3aTellb
cootsercTeyer 0,15 m3/m2 (Hanpumep, l-q npobras nuowaib). Te-
KYUIHE JONOJHHTEJNBHBIR NpHpOCT cocTaBua cootBercrsenno — (0,054
M3/M2 u — 0,012 M3/M2. B nesom ke cnan Tekyulero RONOJIIITE k-
HOro MPHpPOCTa Ha Bcex npobliblx njaouiagsax Haundaerca ¢ 1975 r.,
npiueM GoJee HHTEHCHBHO Npollecc NPOHCXOAHT B pafloHe Hexpo3a
XBOH (npoGuele naowanu 3, 4, 5). ITO CBIHAETENLCTBYET O TOM, UTO
HEKPO3 XBOH, @ TaKXXe Cnaj Texkyllero NMPHpPOCTA BLI3Ballbl O1iHa-
KOBLIMH ITPHYHHAMH.

Pesyabrartel GH3NKO-XUMHYECKHX AHAJM30B NOUYB NMOKa3a.il, 4To
H3MeHEeHHS, IPOHCXOASILIHE B NMOUBe NOJ BO3AEHCTBHEM 3arpastCHIA,
He CTOJIb Pe3KH, 4ToBbl BJAISATL Ha o6WM Xxo4 npupocra. Camuic 3Ha-
UHTE/bHbIE I3MEHCHNA OTMedeHE! Ha 2-0f NpobHOHA MJIONLA/LI, KOTO-
pas naxomunacp 6auxe Kk sasony. Ha 1, 3 H 4 npobHbIX niouiaisx
FOPH3OHT NOACTHNKH meHee KHCABH (pHuy,0=5,4—6,1), uem A; 1i B
ropusontsl (pHu,o=4,6-—5,2), a na Bropoli npobioil naomaan ta-
koii angdepernuanin KHCAOTHOCTII NOUB [0 ICHETHYECKUM TOPH30H-
Tam e ormeuaercest (pHu,o oxono 5,0—5,1). Ha Bropoil npoubhoi
NJOLAaAH OTMEYEHO CaMOe HHU3KOoe CoAep:KkalHe Kasisg (MaKCHMa.lb-
Hoe conepxaHne okosio 9 mr/l00 r nouskl) 1 OpraHHYECKOro Belile-
crBa B nouse (7,7—10,4%) no cpaBHeHlil0 ¢ nouBaMil Apyrix npod-
Hoix naowageit (30—44%). Ho couep:kaHile a3oTa 0OKa3ajaoCh Bbl-
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fre, 4eM Ha OCTaJbHBIX fnpobHulx muowanax (0,65—0,85%). Kak
CBHAETRNBCTBYET XOA TEKYLIEro AONOJNHHTENbHOr0 NPHPOCTa, HA BTO-
poii npo6HOI nuaowanu H3MeHEHHs B f0YBe MOJ BO3AeHCTBHEM 3a-
IpsiI3HEHHA He CTOJb pasiTesbHbl, YTOGH MellaTh MpOUEccy perete-
pauiil ApeBOHAcCa’KAeHUs, a NOBHILENHOe KOJHYECTBO a30Ta jaxe
YCKOpSIeT 3TOT fpoliecc,

3arpA3HeHHe MNOYBHl TPOMBILIJEHHBIMH BHOpPOCAMIl MPHBOAHT
OOLIMHO K NOHHXEHHIO THAPOJNHTHUECKOfi KHCAOTHOCTII H NOBLILIEH-
HOMYy coaepxaHuw oOmeHHbix ochoBanud [13]. CozaepixaHiie 06-
MEHHBIX OCHOBAHHI Ha 3 H 4 npobHbix naowansax gocrtiraer 20,6—
36 wr 3kB/100 r mouBnl, a Ha | u 2 npobuuix naowainx — 9,2—25
Mr 3kB/100 r nouBhl.

O Bo3aeACTBHH APYTHX NMPOMBILJIEHHBIX 00BEKTOB Kak Ha cOdep-
»aHHe o6MeHHBEIX OCHOBAHHH, TAaK 1i 11a H3IMeHeHle TPeHaa npHpocra
JpeBECHHBI CBIILETEJbCTBYIOT faHHbie aHasi30B XBOH H cHera. Ha-
npHMep, coaepaHie TAXKEJBIX MeTaNJ0B B OLHO/IeTHe#l XBoe Mo npi-
O/AHMEHHIO K BO3MOXHBIM OOBEKTaM-3arpsA3HHTENAM yBeJH4YH-
Baetcs (puc. 3). B nepudepniHoii yacTi seconapka no cpasHeHHIO
C UEHTPaJbHOW YaCTbiO DE3KO NOBLIIAETCA coAepraHiie xpoma (B 2
pasa), mean (B 1,6 pasa) u Hukeas (B 1,5 pasza). CXxoaHywo KapTithy
oTpaaet pacnpeneseHie OCHOBHOH reoxiMIiidecKol accouHalH, BH-
SBJAEHHOM Mo AaHHbIM aHaJji3a CHe:xHoro nokposa (pic. 4). dro no-
3BOJIILJIO NPEANONOKITE, 4TO HAa O6c/ea0BaHHBe ApeBoHacaxKAeH!sd

Cu Cr
"94?
( |
’ § SN CUECP
6 \7 Q S
ARNTENZENZEN
' >7 \% 5/ & N
SENZINZENZENZIN N
>} S? §2 §2 W §
g "
‘1N §2 §2 N N
1 3 3 4 5 -]

HoMepa 3TQN0HHBIX TO4EM

Puc. 3. H3sMeHeHnue KyMyJASTHBHOFO HaKONJEHA

Mellt  xpoMa (MI/KF) B 01il0.eTHell XBoe, yaa-

ARACL  OT HCTOYHHKOB 3arps3ucitis  aTsocdepul:
Cu — Meab;, Cr — xpom.
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BO3/IEACTBYIOT MOCTOSHHBIE 3AarpA3HAIOLLIHe OOBEKTH, TaK KaKk XBOR
H CHEr B KOHKPETHOM CJy4yae OTPAXKaloT KaXKAblil cBOI repion pac-
TpejeNelis KoHllenTpaluun npumeceii y seMnoil nosepxHocti. Cnox-
HOCTL BBISIBJEHHS OCHOBHOTO MPOMBLILIJIEHHOrO 06BEKTA, BEI3bIBalOLle-
ro yxyiAlleHHe pocTa [E€PEBbEeB, 3aKJIOUaeTcf B TOM, YTO B 3ITOM

0bo3Hauenmna:

FZQ 2k, »400 V773 22 K, =200-299
bAYY 31K, =300-399 071 K, <199

Puc. 4. Pacnpegenenite oCHOBHOH reoxnMiuecKoi

accoultauHu (Meldb, MAapralcl, XpoM, CBHHel, Kede-

30, KaiMMH, WHHK) B CHEKHOM MOKpOBe B HCC/eA0-
BAHHKIX /peBOHACAXAEHHSNX.
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palioHe HaxOAATCA TPH NPOMBLILJIEHHLIN NPEANPHATHA, HMEUliX B
coctaBe BbLIGPOCOB OKHCJALI CCPLl 1 a30Ta, cepuiucTuil anrnapui, a
TakAe PTOPHCTLIE CORAllIEHIISsl, KOTOPLIC CUNTAIOTCH naudodce onac-
HbiMil 3arPA3HAIOWINMI areHTaMHu, BO3AeHCTBYIOULIMI HA KauyccTno
AecoHacaxdenuii. [lepexpoiBatoieecs pacnpoctpauciiite atmocdep-
HbIX HIplMcceil, BubpacbBacMblXx AepepoodpadaTuiBaoluM, 3/ICKTpo-
MaUWHHOCTPOHTEAbHEIM I CTEKOAbHLIM 3aBOAAMIl, a Takwmke o6oaee
yaaaennan TIC, obycnaeaisaior obpas3oBatiie na 3eMioil noBepx-
HOCTIl C.10ANHOIl TeUXUMHYECKOIl accollaliilly, KOTOpas B TeppuUTOpil-
ajablioM acllekTe oTpaxkaeTcs B obuileM opeodie (puc. 4). Teoxunii-
yeckas popmy.a ¢ Kos(pguUHenTaMI anoMa/iil B CPEAHEM 110 J1eCo-
Napry H:eeT caedyrouili Biui:

Cng,.; Mnz, CI’5,3 pb3,5 Fe;s Cd)s an.

Jra rpynna 3.3eMeHToB 06pa3yCT CLol TeXHOICHILIC IeOXHMINeCKite
dHOMA 1HyY, paclpocTpatetiie KOTOPLIN NO3BOJSICT BBISIBHTL OCHOB-
HLle MNPOMBILJIEHHDIE MPeAnpHATUsl, OTPHULATC.ILHO BO3ACHCTBYIO-
uiite (Be.UMU BbIOpocamil Ha lcesdcioBatiibie Hacamaenus. B xou-
KPCTHOM ¢ay4ae, yuuTeiBas anoyanin saementon Cr, Pb, Zn, 8 ne-
1GuILIIE T} Mepe COBMAAABLINMI B CBOCM pacupoctpalicitin ¢ soity-
PaMB  yvacTKa HEKpL3a XBOH, @ Takkce cocTas BLIOPOCUB NPOMLILI-
Jelltbly HPCANPUATHIl, y1aa0CL BLIABHTL OCHOBHOC NPOMBIULICHIIOE
npe:ripustie, Haudoaee OTPHUATEALIO BO31CIICTBYIONICE HA Heeae1d-
Balnibie Apesolacamilers.

UIBGOWICHIIIC HOJYUCHILIX  PE3YALTATOB [IOKA3440, 4TO BO3LC(-
CTBHE CyMMupPHLX BLIOPOCOB HPOMBILLICHILIN HPEANPHSITII, KauK-
JA0C H3 KOTOPLIN B OTAEABHOCTH H e BLIOPACLIBAET KPUTHUCCKI olac-
HYIO KOHUEHTPALHIO 3arPA3HSAIONLIN BEILECTB, BLIIBAIO CHHKCHIC TC-
KYUlero npupocra 1epeBbeB. B TaROM ciyuae npu jCKOTOpOM yBCJI-
eI BLIOPOCOB MOAKCT HPOABHTLES HCKPO3 XBOIL i HaAUaTLCY pa3py-
uterie Jccnoil skocnereMbl. [1pn 3Tom 0Ka3aaoch, uTo NoCTpagaB-
BIHC patice Lenonony g 60.¢¢ YYBCTBHTEILILL K BO3.CIHCTBIIO
OTPHILATCILHLIN BHCWHIX (PAKTOPOB, YCM HACAMKACUIIS, HC HOABCPT-
JUNeCs TaRuMYy BO3LCIICTBHIO.

B 3ak.1ouetilie MOAHO OTMETUTb, YTO KOMILICKCHbIT 9KOJ0I0-1¢Oo-
XHMUYCCRHIT MOANOI TNO3BOARET BCECTOPONIC OCBCTHTL CYLLIOCTh
OPOG.ICM 3ulrpA3HCHI APEBOHACAAICHIT, 4 NMCHHO! BLHICHITD
COBORVITHOCTL NPIHY BO3UHKUOBCHHST 11 pacnpocipanciins 3arps-
HCHISA, BLBHTD M GUCHHTD TEHICHIIHN  U3MCHCHHS OHOICOILCH)
N0, BO3CHCTBIEM NONMIOTAHTOB, 1aTh HEOOXOAHMBLIC PCKOMEH, Lttt
HO BPCAOTBPAULCHIIO 3arps3HCHiis B JIHKBILLAIIE CIO HOCACACTBILY,
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THE EFFECT OF POLLUTION ON TREE STANDS

0. Nikodemus, K. Ramans, P. Sarkovskis
Summary

Forest ecosystems were investigated in conditions of varying
pollution. The statc of tree stands was established on the basis
of lheir reduced additional current increment in volume (RAC),
that of the soils on the basis of their physico-chemical properties,
the current level of pollution was assessed on the basis of the
content of heavy metals in the needles of the conifers and in the
snow cover. It was found, that a decrease in atmospheric pollu-
lion in the pine stands (Pinetum hylocomiosum) was followed
by a process of regeneration. At the same time the stand was
found to be less resistant to the effect of new pollutants, which
can lead to a rapid degradation of the ecocystem.
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®UIHKO-TEOTPAPHHYECKHE $®AKTOPbDI
NEPEPACHPEAENEHHSA BbIBEPOCOB HA3APOBCKOH
H 3KHBACTY3CKOW IFP3C

JI. K. Kasaxos, A. Jl. Kaicuapés

MOcKOBCKHIT rocyaperBetiilil yugBepeHTeT

MouHbie TenaoBble 3JeKTPOCTalLIi IPO10JAAAIOT OCTAaBATLCS
OAHHUM H3 OCHOBHbIX HCTOYHIIKOB 3arpsa3Hcilits RpPIPOAHOIL cpen,
HECMOTPA HAa CTPOUTEJILCTBO Ha HHX OUHCTHLIX COOPYAEHH H yBe-
auuenns soicoTel Tpy6. Ha Eponeifickoil yaciu CCCP Gopebda ¢ ue-
6.1aronpUATHEM BJAHAHHEM 3HEPTETHLCCKOIO [IPOH3BOACTBA Ha OKPY-
RaloUlyo cpely BeAeTcs NyTeM BapblpOBaliitl THIOB CTPOALLINCA
SNCKTPOCTAUNl 1 BHAAMI HCIOJAbL3YEMOFQ Ha CYULIECTBYIOLLE(T ceTil
T3C Tonansa, a Takxe BLIGOPOM MeCT {101 HOBOE CTPONTCALCTBO
(B wactHocri, aaa A3C).

B 10 #e Bpems crposuiiecs na KATIKe* u 3TaKe** moutnvle
3MeRTpOCTallliil M3-3a cnewndikil TOILTIBA OTHOCHTEJbHO KEeCTKO
NpHBA3alibl K yroabhbiM MecTopokienisM. [losTomy 3i1ecw Bamiloe
3HaueHuie npuodpetaeT Haydno obocLoBannas 3KOJAOTO-reorpadu-
Yeckas ONTHMIBAWNA pailolibIX Nallposok npuaerarouuix x TIC
Teppittopiii. OdocHoBaHiteN Takoil ONTHMiU3ALLIE ABAAIOTCH Teorpa-
giyeckiie i cannTapio-TiHrHenyecke neeaeloBatng cdep sansuus
korkpeTuuix TIC 1o ycnoBusis MUTPALE, [epepacipesesediin
HaKOoILtElls B JaiuapTax 3arpasitlTedcii, a Tak/me OTBETHLIX pe-
aKLIii OT.1EJLHLIN COCTABRJAIOWINX IPHPOANOI cpeiibl Ha 3arpsine-
uite, Hexoas 113 noayueHibiX pe3yabTATOB 30HHPOBANNSA cep BJalS-
Hita TOC Ha OKPYAKAIOWYIO Cpely MOACT ONTHMIU3NPOBATLCS OUNCT-
Hoe oO0OpyloBalie, pa3Meulelllie cauMTapuo-3alliiiTHLIX 300, ApO-
MBIUIICHHDBIX M CCAHTEOHLIX TCPPHTOPHI, OUPCACSITLCH MOLULOCTD
caMmoil ssextpocTtatuiy. Kpome Toro, (H3HKO-reorpaduyeckHe nc-
cre1oBatng cdepsl BaHsHig [PIC no3so.I0T onpelenTh lipeieabl
YCTOIUIIBOCTH JIAHAWAPTOB K 3arPA3HHTEAM Il PEKOMEN10BATH 'KOM-

Kancko-Aunnckii Tonansno-snepreriyeckinii Komniaeke (KAT3K).
** DKKOaCTY3CKHIl TONAMBHO-3HCpreTHYeckHi Kommiacke (DTIK).
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(). ¥NlrRodemus, K.Ramans

(Latuvljaa Unlue.rat tdate)
RIGAS ERO-GROXIWISKAS INDIKACIJAS REZULTATI

Atmostéras plezemes gaisa alfna piesérnojuma izplatibas
raknturoganal pilsdtds izmanto vair&kus radit&jus. Pasreiz
daudzAs valst1s apkArt8jas vides kontrole galvenokirt
balst&s uz regiondld un globAla fnonit;oringa principiem, iz-
n)ixltoJot stacion&rus un paArvistojamus novBrosanas punktus.
Lidzigi min8tals Jautdjums tiek risinats ari Righ. SAda ple-
eja+ anledz vArtigu intormicliju par ekologisko stBvokli
pils8dtA. Tadu neplecie&oms atziImdt, ka iegﬂtié roezultftl ne-
dod iespS8ju komplekal izvdrtdt piezemes atmos1Bras galsa
slépa pieaarhojmna pakdpi un situBoiju, Jo parasti
nov3rodanas punktu skaits pilsstd ir salidzinosi mazs, un to
jizvietojums ne vienmér atbilst’ pilsédtas funkcion&lajail
struktfirai. Jaievdro, ka urbaniz8tis teritorijhs, " daudzie
emisi]as avoti izvielotl bez noteiktam 1$kumsakaribm, un to
1zplddes éaze's nav 1eapéjams precizi tiksé&s. Pieaaruojl,_una
kentroll Sajos punktos parasti vajo tikal konkrétos laika
periodos. - \ . o

Tépdo, lal objoktivak raksturotu emisljas pliismas sa-
ro7gito struktOru pllsdta, pasaules prsksd plesérgojuma ble-
40 instrumentalo kontroli papildina ar auvgsyu, sniega segas
‘i aigu plesirgojuma icpét.i it, 2, 3, 4). vidés komponentu
(anganss, snicge segas, augu) tzpdke stlau) vispuslgi aplit-
hol piosdrpojuna problém wn isgil informBel ju par polutantn
teritcridlo iuplat_i'nu un ra%an8s jemesltiem, dod lespéju tz-
virtdt piesérpnjums ietekmi uz blotu. Tehnogénads izcelsmes
viel@m, 1zkritot no atmostdras kopd ar nokrisplem vai gruvi-
taclijas spél(u latekma,’ .minél'.ajns komppnaiﬂ.c-s pleang mikro-
slameniu daudzams, L rezultftd veldojas tehnomdnas anomélt -
Jua. Guisa masu migrdcl |as pihanss, knrdm 1aksturiga virzie-
ni nenuntﬁy.‘il-n na matna, tik«éjas aredlvelda ancmblijds
augsnet virsdjoy horfzontos, gniega segd un augos. Augsnd
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var uzskatIt -par .viemu no jutighkajlem ainavas geokImiska
stdvok]la indikatoriem. T& atrodass kImisko elementu migrBoci-
Jas un transporta cel]u krustojuma. Auésna k&8 piesarpgojuma
teritorialas igzplatibas indikators raksturo no atmostéras
izlrituso tehnogénis izoelsmes Wimisko vielu daudzgadigo sa-
dalYjuwnu, k& patreiz&jo, tad.arl relikto.

P38ddjos gados viena no platdik lietotajim metoddm pilsd-
tu ekologiskds Bitudcijas 1zvBrt&san8 ir augsnu eko-geoki-
miska kartssana, kas halstds uz kImislto elementu daudzuwna
noteiksanu augsndg. Ar 5Is metodes palldzibu var izvértét ne
tikal augsnes pies&rpobsanas pakipl, bet ari noteikt atsevis-
ku elementu teritoridlés izplatIbas oreclu sp konkrétiem
piesfrnojuma avotiem.

Eko-~ gsokimiska kart85ana RIgh tika veikta 1987 .pada,

par metodisku pamatu izmantojot J.Sajeta, R.Smirnovas un ci-
tu  geokiImiku darbus [3, 4, 5, 6]. Kartdsanas nolilkiem
pllsdtas teritorija tika sadalita vienddos kvadritos ar ma-
las garumu 1,2 km. Etalonteritorijes paraugu ievakianai
katrd kvadrila 1zvslatas atkaribd no teritorijas funkcioni-
18s izmanto&anas un no &eokImiskajBm Ipatniblm. Paraugi gec-
kIimiskajam analizém 1svakti no aLgsnes'Qirskartqs (-10 cm)
parkos, darzos, iakséjoa pagalmos, meZzaparkos noteikta atta-
lumad no automagistraldm un rlipniecibas objektiem. Atbilstos!
metodei vidéjais augsnos paraugs analIzBm iegits no pieciem
un vairdk atseviskism puraugiom.Réizé ar paraugu isvak&anu
augenes rakumi spralkstiti pdo visparplepemi&s metodikas, no-
saknt uugnnaa veldu, reakciju, meha&nisko' sastivu un citus
raditdjus. Balstoties uz pirmas. karbaaénus rezultatism,
ekologiskajos konfliktarefBilos 1988. gaci veikti papildpdti-
Jumi. - . .
. Augsnes paraugi p8o ievakbanas apatfﬁdat_i un onallz8ti
RA "Igaunijas ALeologija" laboratorij&, izmsnteojot emisijus
spektrografus ISP-28 un 1SP-30, ki erl spektraprojektoru
PS-18, Geologijas laboratorijf noteikti 33 kImlskie elemenli
un savienojuni, tsi skaitd Ti, B, V, Cr, Mn, Ca, Ni Cu, Pv,
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Zn,

Ga, Li, Sn, Mo, 2r, Y, Ib, Be, Sr, Ba, P, So, Ag, W
Regiondldis fons Rlgai reksturigajam dablskajm augsném

(tipiski podzolBt&m, veldnu podzolstAm, veldnu gleja un ci-

tam)
teg.

noteikts meza ekosist3mas 30-60 ki att8lum& no pllsd-
Katral pils8tas etalonvietai, par pamatu pemot regiona-

lo fonu, aprékinkts koncentrdcijas koeficients Jjeb tehnogsd-

nfs

anomBlijas koetfioients, izmantojot formulu:

c
K = -%- ,
o C(
K. - slemantu koncenti8cijas koeficlents; o - kImiska

4

, 8lementa daudzume augsnd etalonteritorija; Op - attieci-

lai

&R kImiskA elementa viddjals daudzums fona apstBkj]os
augsnd. Th k& tehnogbnajhlm Kook imiskajAm anomAlijaém pa-
rastd ir rakaturigs polielementu saturs, t&m pdo sekojo-
bas Iormulau izskait}ots summérais elemantu koncentraoi—
Jas koelioients
B X - (n-1),

n - elementu skaits geoklmiska agociAclja.

Jadzienu "4ookimisk8 asoollolja" eko-geokImlja izmanto,
Teksturotu kImisko elementu grupu, kas apvienojusies

noteiktA migrécijas plilsmd konkréta plesarpojuma objekta vai
objektu grupas darbibas reznltitad. Par apakséjo anomBlijas

sllie

kani, kuru levdro pie ReokTmisko asooidciju formulu sa-

.8tAdi3anas,parasti nzakuata koncentracijms koeficienta vérti-
bu - 1,5, Ekologisk@is un geokTiniskda situdcljes raksturoaa-

n&i
tu k

gnva

runi,

Liel

Rigda t.1ka sastBdibay ka mcnoelemsntu, t8 ari pollelemen-

arten.
Rigas dabiskas ainaviskdu sbrukkiiras pamatu veido Dau-
8 iglejﬂ, Baltijas ldeus szera un litorinas juras }idze -

kas stipri parveldetij urbunjzacitjus provesa rezultata.
EXh dn|a sugmies pllséta veldojusds uz swmilts nogulu-

miem. Tom8r augspu spekti:s, kas danded jiédl nusaka ingredlen -

tu migricijas Tpatnibas,. to jeteimi nz dzYvajlem orgsnismiem,

pils
ning

gth 1r Joti dandzvetidigs. So dandzveidilm nosaka kd do-
Josie sugdinu veidosands precesi - podzolésanau, Lrddvie-
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lu uzkr&sands un glejolanis - maz pérveldotAs augsonds, ta
arl tiesa antropogdno faktoru letelare. Pils&tas centralbs
dalas parkos, skvdros, k& arl dzlvojamos masivos 1lislakA
da}la augsnes veidojusBs uz uzbsrta materifla, kurs radles
cilvdkiem parveldojot reljefu un uzvedot kOdras un augsnes
maisIjumu. Lidz ar to pllsdtas centrd un tam pioguloda]i te-
ritorijad 1zveidojusies }otl sarezgiti augspu kompleksi un
gakopojuml ar atskirigiom genstislkiiem horlzontiem un dazBdu
tridvielu horizonta biezumu (5-70 cm). Jomot vér& to, ka 3Im
augsndm raksturiga neitr&@la reakcija, salidzinosi bilezaisn
tr0dvielu horizonts veido savdabigu geokimisko barjeru,, kas
veicina piesarnojuma uzkrafanos augsnes virskarti. ‘
Salidzino&i cithda ainavu gookimiskd situdcija rakstu—
riga pilsdtas mazpArveidot&s ekosistémAs - mezaparkos,pla-
v&s, tirumos un citur. K& Jau leprieks tike atzimdts, lield-
kA dala suganes pils8td veldojusies uz smilts nogulumiem,
kas no geokImiskd viedokla 1ir caurskalojami. T& rezultdth
viegli B8kisto3&s kiImisko elementu formas tlek 1znestas nc
sugsnes profila, jJa tehnogénA plfisma savB celd8 neikd8rso
veselu virkni augsnes - geokimisko barjeru. Rigas augsném
vistipiskak8s ZeokimiskBs barjeras veido'aughnu troivielu,
iluvialais un gleja horizonts. Skabajhs podzoldtaju: aug-
gnds, kuras sastopamas Rigas me2os un meZaparkog, valdot ok-
81d88anks apgtfék]liem, virkne elementu (Pb, Aé, Se, Ni, C1)
voido vaji BkiIstolus savienojumus: kuril uzkréjas k& humusa,
t& 1luvidlajd horizonth [6].Raksturigs piemdrs ir Mezaparks,
kur augsnes lluviilajd horizont# uzkrijusies smagie metali,
ko savulaik atmosf8r& izmets Rigas_Supar;oé!Bba ripnica [1].
Rigas periferifld teritorijd sastopamas augstd@ un pAIr-
ejas purva, k& srl trQdainds veldna glejs augsnes. Purva
augsndm BT augstu skabuma pakBpi raksturiés, ka llela dala
alamentu uzkrdjasg salIdzinoBi viegli 3kistokEs un 1idz ar to
dzivajism organismiem bIstamaa formas [6).Tie ir PL, Tr, Ni,
Co, Cu, Zn un HE. Seviski aktudla &1 probldma ir Rigas teri-
torija izvietojusos d&rzipos, lur novdrojama iebrieks‘ap-
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rakstitd situBoija. Situficiju vdl valrdk sare2&I apstiklis,
ka parast] kImiskie elementi sk&bAs sugsnds sastopaml galve-
nokArt kustighs Io}mﬁs. bet, muinoties sugsnes reakecijai,
kalkobanAs, kB arl tehnogdnds (plem8rem, Rigas cementa un
s1fera kombinita) ietekmes rezultitd vesela virkne kImisko
elementu (Co,. Ni, Sr, Ba, Cd, Hg) kl@at mazkustigi un uzkré-
jag augsnes virsdjos horizontos [7). Pask@binoties augsnes
reakcijei, tie nonék lauksaimniecIbas produktos. Lidz ar to
~aram secinit, ka no ékologiska viedok]a raugoties, dérzipi
pilsdtas teritorija j&likvids, jo to produkcijs kjOst bista-
mg, oilvéku vepelibai.

Analiz8jot sast8ditAs pllsdtas eko-keokImiskds Kartes
pArliecinoai radzams atqevisku, kd arIl summdro Kesokimisko
raiditadju saistiha ar'rﬁpnieoibas zondm un transporta magis-
tr§18m. RIgas augsnbs igdal&s. vairdkl atsevisku elementu un
arl polielementu tehnogénie &eokImisko anomdliju lauki, kas
blitiskl atskiras p8o intensitdtes. Plasdkl un tal pabh laiks
viena no intensIv@ka]&m geokImiskaJBm anom&lijim konstatdta
pilsdtas ‘oentrélajd da}f, kura saplist ar Sarkandaugavaa un
VEF ripniecibas zonu anomAlijas laukiem (4.att.). Pilsstas
contralAs dalas geokImisk&s asociBcijas formulu veido seko-
Josi elementi:

SNyg 1+ INg 40 Pby 50 ABg 4, Cuy 5. Ory 4, Moy o, Mn, g,

Ni Co Be

2.6' “%.,3" %1, 1"

Saprotams. ka katrai konkrdtai vietai forimula ir atskiriga.
T&, pieméram. svina konoentrécijas kosticisnts pllsétas cen-
trAlajd dald pa ataeviakam otalonvie]am mainds robezks no
4,4 114z 16,7,cinkam - no 2,7 11dz 29,5. Atsevisku stalonte-
ritoriju geokImisks]Bs asoclacijBs bez iJeprieks mindtajiem
alament{em ietilpst vanddijs, voltrams nn oiti Ingredienti.
Analiz&jot ZuokImiskls asocidcijas sastAvn redzams, kua to
veldn autotransporta- darbibai (PL, Zn) apsrftu un radiora-
2o0tndm (Sn, Zn, Cu, Ni, Mo), masinblives uzpdmmliem (Fb, 2Zn,
Mo, N{, Cu, Cr) un olt8m saimniecibas nozarém raksturigi
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@30 -126.0

m >126,0

4.ett. Elementu summara koncentréicijas koeficienta (2o)
izmainas Rigas augsnés

Ingredienti (2, 3, S5]. Geokimiskals anomBlijas lauks centra
kopuma ir Jobtl sare2&its, kas nedod ilespsju konkréti izvdr-
tEt kubra objekta plesdrpojuma ietekmes zonu. DomBjams, ka
38du  augsnes pleslrpojuna struktiru RIgss centrem nosaka
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valroki faktori. KA viene 1~ bOtiskakajiem jAuzsver apstik-
1ig,ka pilsdtas contrdlajf dalf paasugstinits atmosfdras ple-
7nnes galse =lAna plesfirpojums pastldv Jau vairkik nek& gad-
simtu. Ilgstosu lalka periodu pilsétas centra bija sakoncen-
Lrdts ne tikai biezs katlu maAju tikls,bet arI atseviski rip-
nlecibas uzpsmumi, kuru raditais plesirpojums augsnd sagla-
bajios 134z mOsdien&m. Padrelz8jA periodia vdl darbnjo38s ne-
lislads katlun mAjas bOtiskil ietekmB amugsnes kimiske sgastdwvu.
Nom8jams, ka blivi apblvdtds pilsdtas da)lAs olnka un citu ¥I-
misko elementu saturu augshé pelielina namv jumtu seguma ko-
rnozljas procesa. Pats lieldkais atmosfdras un 11dz ar to arl
augsnes pleslrpotdjs Rigae centralajf dald ir autotransports.
MakgimBlais autotransporta piesfrpojums konstatdts 25 m jos-
1A gar brauktuvi, krustojumos, k& ari viet&s, kur reguliri
nanotiek gaiss apmaipa; 8%dreiells, pusslégtos pagalmos u.c.
Vietfis, kur raksturigs blivs ielu tikls, izveidojies viens
kop8jas mugsta pilesBrgojuma oreols (piemd8rum, lepnina, Merkela
ielas, Raipa bulvAris).X& liecina atsevisku elementu terito-
ri&1a ieplstibs, botiski plesirpojuma koncentrdanos un iz-
Ir1ledi pilsBtas centralajl da}d veicina ekologiski nepardo-
mit8 plladtas funlroicn8l& struktilira,kB arl pilsdtas fizioge-
~grAfiskAs Ipetnibas. Pllsdtaes cantru pakavveids aptver r0Op-
niacibag rajoni,kuru raditsis piesérnojums.pateicoties Rigas
Apbiivesg Ipath[bnm izklied8jas pilsatas centrilajs dalh.

Otra teritoriAl18 un Jntensitdtes zipd liel&kA tehnogdnd
wnomAlije konstat&ta SarkandaugnvA (4.att.). Anomdlijms
lanks te ir tik plass, ka Jetver ne tikal rOpniecibas zonu,
bat ar] blakus aesohes dzivoJsmo nsm rajonus, dArzipus un
Me2aparku. Interesanti, ke snomiAli|as centrs ar sugatBkiom
nlementu kencontrdctjnas koeflcientiem fzvintojles dérzigu un
71vojamo namu rejonf dlenvidrletum~s no rflipniecibas zonas.
Domijams, ka 8Adu ingradientu taritoriAle lzplatltu nossks
Un2B A riipniscibag vznhmumi fzmasto plosdrpojumn koncentrd-
Anndg galea masu pArvictofanfe razualbALK. §imiskoe olamenty
dsudzima AArzipu anganda fan valrdkkAvt pAraniedz makaimAld
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pis}jaujamo koncentraciju (pieméram, svinam - septimas un
vairik reizes). Piesarpojunu pakdpe kluvusi seit tik biIntama
cilvaku veselibal, ka izvirzas Jautijums par darziyu stei-
dzamu likvidAciju. Darzipu vietB JAierIko apstBdijumi, kar
veidotu zalo ¥ili starp Sarkandaugavas ridpniecibas zorn un
pilsatas sentru. GeokImiskéas asnéiacijﬂa formula Sarkandau-

gavas rajond ir 8&#da: -
A&y 45 Snyp g g o Cry g Cug g

Mg, g Moy o Pby g Ny, Mo, 5 Cocp .

K8 redzams, formulas pamatu vgido tie pasi slementi, kas
plls&tas oentri, bet bOtiski atskiras to koncentirHclijmz, kas
11dz ar to izmaina attieolgc ingredientu vietu formulad. Sar-
kandaugavas augsnds salidzindjJumd8 ar centru samazindjies
autotransporta izplQdes gBz8m raksturigo elemantu (Pb, Zn u.
c.) koncentrficlja augsnes virs5ja horizontd, toties strauji
plesudzis rUpnieo;bas i1zplQides ghzdm rsksturigo kimisko ele-
mentu daudzums (Cu, Mo, Cr u.¢.). Seviski augsts limenis ir
sudrabam, kas izékaidrojnms ar salldzinosi zemo fona limenl
(0,06 mg/kg) un atsevidku etalonvietu loti augsto piesirpo-
Jumu, Augsnes 1izpdtes rezultéti apliacina, ka Sarkandaugavas
ripniecibaas rajons Joprojdm ekologiskajd ziph pllsstd ir
vissare2gitakais, Rigas Elektromasinbfives ripnicas, stikla
ripnicas "Sarkandaugave”, tinilera ripnicas "Latvijas hérzs”
izplODdey ghzes bOtiuki ietekmé ekclogisko situaciju Me2apar-
k# 1], kur jau 11gstosi noverojama intensiva kokaudzes deg-
rad&clja.

Kiminkad sastBva zipA cit8das &LeokimiskBas tehnogdnks
unomflljas izveidojuslds angsnds VEF 1Opniecibus rajonk un ap
TEC-1. Teritori&li abi sle plesdrpojuma orsoli saplfist ar
piladtas centra anomBlljas lauku. Oreolu kimiekajam sastavam
raksturigs polielsmentu raksturd, Jﬁalilmé. ka uz kop&jA sa-
1idzinosi nedaudz peaugstindté %imisvko elementu daudztuma
augsnd, geokimlskd asocifcijB fzdalés alsevisgi ingredienti
ar seviSki angstu 1imeni. T4, plemdram, Rigas vagonu rilpni-
cayg un rifpnjoas “Sarkend zvaigene” apkdrtnd 1r konstatéts
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viena no lielakajiem molibdena, bArija un citu elementu dau-
dzumiem pilsdtas augsnds. EImiskE sastBva zin& vienkBrsakas
&eokImiskBs anomalijas izveidojuséa Plavnieku un Skirotavas
rajonos. Apnom&li 1ielumi te:novérojami daudziem elementiem:
Yb, Y, Ni, Ba, Ca, V, Mo, Pb, tomér to izplatIba teritoriAli
nepArklAjas. &adu anom&liju raksturu, dom&jams, nosaka
eputfklis, ka salIidzindjumd ar ieprieks apskatItam teritori-
jam 8kirotavas un Plavnisku rajonos nav tik liela ripniecI-
bag uzpsmum koncentracija. Bfitiska nozIme §kirotavas ap-
kdrtnes piesArposand ir trhﬂsportam. Vismazdk plesflrpotés
aungsnes Rlgé Daugavas labd krasts dald ir Mezclemh, Purvoie-
mh, Juglh,

Daugavas krelsajA krastf lieldkie augsnss pieshArnojuma
orenli kon:“atdti Bolder&jas, Ilguciema, Imantas un Zasulau-
ka rQpnieclbas zon#s, k& a?I Té1lmana iclas, Vienlbas gatves
un JOrmalas. Bolderdjas soseju Bpkﬁrtné. Autotransporta iz-
pliides gizu rezultéta augsné; plenadrnojums ar svinq pie au-
tatranaporta mugistr&lém daudzos gadijumos parsniedz 214
ng/kg (MPK - 32 mg/kg). Pardaugavas aug3pu piesdrpojuma
atyuktOrai kopumd raksturigi sslldzinozi nelisli summérie
einmantu koncentrécijas koeticlenti, bet tajd pasd lalkd za-
lidzinosi augsts atsevizku ingrediesntu daudzums. Domajams,
ks tas izskaldrojams gan ar ripniscibas v8sturisko attisti-
i, to pa&reizdjo speoifisko rafotni, gan ar domindjo&o
gifsa  plosmu  piledtd. Valdosu vsju ietekmes rezultBtd
tehnogEnAa pleshrpgojuma plhsmaa tlek novadltas uz Davigavu
val {7zklleddjas tBs pretdj& krastd. Saprotams, lislu interc-
2l ledzYvntBJos izraise RIgas cementa un  3ifara komhindta
lotukmaa zona.Patiogdm,mindt&s rOpnicus pleafirpsjums izkllie-
A5 fas Jotl plabd teritorijA, ietvarot arl Ganibu dambjn ap-
khrtnl. PlasArns juma orenla ocentrd kencentrdciljsa knefinisn:
LI 9n, 2n, Cu ir robeiAs no 20,0 1YAz u0,0; Ph, Cr, Mo, Ce0,
M - no 3,0 1idz 20,0, KB readzuns, genkimiskAs nsnaifceijung
kedetu velde alemanti (2n, Sn), kas Ir reaksturigi cementa
potokliiem (8], Qal1dzinBjumd ar fona rRATEAfiem, Angsnan
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plesirposanas paképe ripnicas apkhrtnd ir Jotl auzsta,

Péc augsnes  plesdrpojuma  kartdSanas rezultétiem
(4 att.) redzams, ka atmostérass plezemes gaisa slapa piesdr-
pojumam RIgd kopumé raksturiga tendeuce pakapsniski pbdrvie-
toties un izkliedaties pils8tas austrumds]&. Tas izs.aidro-
Jams ar to, ka pilsétd, valdot ziemelrietwmi un dionvidrie-
tumu vdjiem, ingredisnti tiek plrnesti austrumvirziena. Lldz
ar to austrumvirziend geokimisko anom@liju Jauku intensitate
samazinids pakapeniakﬁk noks rietumdalad, kur 31 pareja ir Jo-
ti asa. Mindto tendenci pie;ﬁrnojuma izkiledd jaApom véra.
phrskatot rﬂpniéoibas objektu un ‘termoelektrocentralu
izvietojumu.

Rigus teritorija ir sastopamas vairdkas, salldzinoai
plasas tehnogéhﬂs anomdlijas augsnsds, kuras nev salstitas ar
at.mosrérﬂs piezemes gaisa slina piesdrpojumu, bat ar kImizko
elementu tiedu izklied&sanu augsné antropogénis durbibas ra-
zultata. 5533 sakard savlskl aktuilas 1ir divas problémas:
k¥ imisko elementu ieneﬁana augsné pirmkért, tirumu un dérzi
nu méslodanas rezulcata un, otrkart, slementiem migrédjot no
rﬁpniecibqs un'sadzivqs atkritunu izgBztuvdm. Pasreiz vél
paragri izdarit konkrétus éeoinajumus par 8ugsnes plesérpo-
sanu ar mikroelamentieh tds msslosanas rezultdta. Tomér
Spilves p}avas tirumos novdrojama pasugstindta B, Sr, Mn un
oitu olementu koncentracija, kuru teritorlala izplautiba ne-
saistBs ar konkrdtu riphiecibas objektu. Taja pudd lajka,
péc zindtnieku pdtijumu rezultatiem [9], tie ietilpst 1liels
daudgumé fosfora un kélija mineradlinéslos. '

Salidzinosi spilgti jeziméjas tehnogdénés anomadlijas ap
pllsBtses sadzives un ripnlecisko stkritwnu izgéztuvém Drei-
linng un Getlinos. Abas 4iy lzgaztuves lerikotas purves, kas
nosaka arI elementu mipgraciju. Tegllie rezulLBti lisoina, ka
augsnés ap Getlipu atkrituma lzgéztuvi raditajl duudziem
elementiem jr 3-4 v pal vairdk reizn sugstakl nekd Lona ap -
staklos. No spesktrélonalizé noleiklajiem 33 kimiskajiem vle-
monl jem un to savienoJumiem 29 8aj8 teritoriJd valrak neka
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1,5 reizes parsnieds rqgignﬁlé tons rAditAjus. Visraksturl-
@Bkle ingredienti augsns ap Getlipu lzgBztuvi ir Ti, ¥b, Be,
Pb 1in Sn, kas sastopami arl ap citBm p8tItAm lzgdztuvdm {8).
Pého¥ &eokImisko situdciju Getlipa purva rajona,nepieciesams
atzimdt vairdkus interesantus momentus, kas nosaka kImisko
eleméntu migréociju no 1izghztuves. TA k& izgBztuve ierikota
augsl8 purva mall, tad Odens plOsma, kas virzds no augstd
purva vidus, trauod elementu teritorialo izplatibu purva ku-
pola virglenf. Savukért purva mala,kur notiek strauja pareja
nn klidras purva augsném uz tiplskl podzolstim vai veldnu po-
dzo1B8tHm augsndm, veido savdabigu geokImisko barjeru un 11dz
ar to traucd elementu migriciju dzelzoela virzienA. Par ga-
17dzinusi labv81lJgo ainavas geokImisko situdciju ap Getlinu
legfiztuvl liecina arl svina konoentrlcijms teritorifilés iz-
maipus sugsnes virskarti (5.att.).'TomBr, domadjams, pati iz-
g8ztuve lielas BkolokiskAs probldmasg rada,letekmdjot grunts-
tilang kimisko sastdvu. Tas Ir pe}spektiva p&tam3 Jautajums.
Selldzinot Getlipa izgAztuves apkArtnil ar Drellipa iz-
ghztuv], JAetzim8, ka ap p8ddjo augsnes piesarpojums ir daudz
Jinlaka.Tas arl dal8ji saprotams,jo Dreilipu izgdztuve, kaut
ar] patraiz 1lgﬁtosi Jau sl8gia, tomBr kA pleséruojuma avuts
funkcfond {ighku lailka periodu. Arl sinavgeokiImiskd situidci-
Ja sp {rzgBztuvl ir nelabvBllgdka, Jo aplklirtnd nav lzteikthas
UinnFiRa gaokiminkEs barjeras. KopumA piesdryojuma teritori-
Al f2plst1tm nn lzgdztuves raksturo svina lkoncentrisi jas
frmnipgne (A .att.) nwignnes virskBrts. K& roedrams, vairAl neka
o’ 1iain tarltorija tA andzums parsnledz makaimil i pie-
[avfmne weneentricifn. Sajil sakard nepleclesams pArskatlt
YordtarvlInn Jumantogany ap {2gRzinvam.  NekfdA gadYjumd ne-
it pieamgnatag anganie  andzAt  dArzegus, kA tes bila
raksburige 1idg &8im. No pe8reizd A viedokle &elt vieirhlejna

malk Lilkn ferikol aatostiveieteg, Jurag no blskut Az yus famo
namy wanTviam atAn] Yy rpaclRif atBAYiRs knksudzas. TAu al.
rlaindky nn vietm vinp provlEma Andd teritorifa,

Angriem cke gankimiabAy nddAe [nn resul b8 Digh s
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dala daudzus ekologiskos konfliktaredlus, kuru likviddsana
bOtiskl uzlabotu situidciju pilséta. éajé gakard jastrada di-
vos virzienos. Pirmkart,stmostéras piezemss galsa sldpa ple -
sArpojuma samazinfA3and. OtrkArt,pilsdtas funkcionalds struk-
tOras pArveidosan&. TajB pad& laikd Jaturpina detdlaki keu-
kimiskie p&tIjuml pilsétd,lal noskaidrotu elementu migraciju
augsnd laika galtd. Ne mazdk svarigi veikt republikd &eokI-
miskd fona pdtIjunus pa konkrétlem augspu tiplem rekionala
aspektd. Tas dotu iegpdju galidzindt pdtIjwm rezultdtus, ka
arl izveidot vienotu monitoringa sisté&mu republiki.
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L.Liepinn
(24 Bilologijaa tnatitita)
0. tkRodemua :
(Latnijas Univeraltate)

BRIOINDIKACIJAS REZULTATI RIGA

Par vienu no bOtiskAlkajliem ekologiskejiem raktoriem,
kas nosaka biotas attIstIbu un funkoiondsanu, urbanizdtd vi-
Ui kjuvin atmosfB8ras plosBrgojums. Téapbc ekologu vidd sevis-
Yy uzmanibu izraiea petijumi par ingredientu letekmi uz dzi-
vajiem organismiem, 513 letekmes novdrt8sanas metofu izstra-
MAtana, kA arl deivo organismu 1izmantosana pieshrpojuma te-
ritoridl@s lzplatibag diagnoelicossna. Daudzads valstls slz-
vien hjetfik piesfirpojums inatriwnent&lo registrdofju papildi-
na nr bloindikéo{jas petijumu rezult8tism. Bloindikécijan
meladdm {r vair8kas poritI<vas IpadIhes: |) tAs ir 14tas un
prnaa salidzinoad maz 1sika; 2) bloindik@cijas rezultAti at-
apegulo atmosfhiras viddjo 11ggadigHr stavolklil; 3) pie atkBr-
totiem pAt1jumiem hioindikacija raksturo plesérpojumn pakéd-
pre dinamiku piladtdn un oilds apdzlvotés vieths [!]. Bloin-
AlkAcijas pamathA §r organiema spbis nzkr§t audu Sk ledrds ur
viginoes plesdronjodis vieles, A 8rl bLiologiskAa 1 filziclo-
giekhs temalpas popnlacifus 1TmenY [2].

K& Jiacina patijumi pieradpe pacsnld, galsa plesarpoju-
ma pakBpes  notnikbdand aakmig! var lzmentot sfines. Lielfka
drje eitn it [ab] vides indlkatar i, karu izplatiba noteiktag
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cenoz&ds lau] spriest ne tikai par vides mitruma aps;ﬁkliem.
baribas vielu daudzumu augsnd, augsnes reakeiju, bet arl pur
tennmogdno ietekmi uz ekosistédmu. Siinas spdj pansst nelabva-
ligus vides apstBk]us, tacu tajd pa3d laikd t#s ir Joti ju-
tigaa pret plesérpojumu, konkrétl pret atmosféras kimiské
sagstava maipam, éaja gakarh slnas &Atri atmirst vietHhs, kur
atmosfadra daudz s8ra, oglekla dioksida, k& arl smago metélu
un fluoru savienojumu. Tad8jadi pilsétés var 1zdallit vaira-
kas zonas, kas atspogulo atmosféras plesarpojwnu B8ajk teri-
torija. Zonas parasti izvietojas koncentriski, pile kam, to
formu un izmérus (t.1.,ples&rpojuma izplatiIbu) nosaka valdo-
0 vaju virziens un stiprums [3]. Par pamatu pilesérpojuma
paképes novértésanal kalpo sugu inventarizhoija pdtama
toritorij&. Pirmo reizi Baltijas republikas piesdrposanas
pakd@ipes novdrtésana,lzmantojot brioindikdciju, izdarita Tal-
lina. P8tIjumu rezultdta pilsBtA izdalitas tris piesdrpojuma
zonag [4). Pirma zona atrodas rajond, kur ir daudz ripnicu,
selt ir maz epifitu. Sastop Pylatsta polyantha ar salidzino-
81 zemu vitelitati, "Konstatatas Amblyateglwn serpens un
Brachytheclum salebrosum. Otra zona ietver nelielss rOpni-
oas, parkus. Uz koku stumbriem eso3o siinu parklaganBs pukBpe
un vitalithte ir zemas. Bastop Pylatata polyantha, Laskeella
nervosa, rethk llypnum cupresgiforme. Tresad zona ietver dzl-
vojamos rajonus un parku masivus. Eplifitu sugam seit laba
vitalitate, biezi sastop Drepanocladus unctnatus, dnomodon
longtroltus, Dicranum scoparium, Homalla trichomunotides.
Otrs bihtisks fsktors, kas paver plasus lespd)as Lzmnan -
tot slinas vides indik8cijd, ir augu spdjas augsunas gaila
kunul8t du2adas vielws, tul skaitd ingredientus. 8is apstak-
113 }Jauj noteikt s tikal vides degrudéoijas pakdpl atmostd -
ras pies@rgo3anas rezulb8td, bet wrl' atsevisku klmisku
elsmentu noziml gajd process. KonstatdiLs, ku Svelcé avina
satwrs sgiinas pddéjo -fmbs gadu laika pleaudzis vairlik nokd
Cotrag reizes. Cinku salurs slunds Kun8da ple Monreéilas kopd
gadsimra sskiunu picaudzls plecas relzes. Parrdginot procen
tos nz sanuu gveru, noskafdrots, ka stinas konesntrd dwade
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valrak elementu nekd citi augsﬁékie augl [3]. J.Nikiforova
1] ir noskaidrojusi, ka automagistrilu tuvum& svina saturs
nugnP ir 2-6 reizes sugstiks nekk fona audz8s (maksimAlais
nvind saturas konstatdts Sphagnum 8p. - 145 mg/kg). Uz aug-
anng augofsas sfinds smago metilu saturs ir t&ds pats k& sug-
aneg virskartad (6].

1987. un 1988. gadh pirmo reizi Rigd velcam teritorijas
trioindikdclju. Terltoriali pstIjumi balstIJ&as uz kvadrétu
L1kl ar kvadratu malas garuma 1,2 km. AtkarIbd no teritori-
Jrn apbllves un apzalumosanes struktfiras, emisijas avotu iz-
vidtojuma katrf kvadrAtd tika ferlkoti vairaki parauglauku-
mi,kur] 11dz ar to vienmérigi parklaja visu pils3tu.K& péti-
Jumu objektu izv3l1éjAmies epifltu slUnu sugas,jo tL&m nav tle-
4ns saskarns ar augsni un 11dz ar to ta@s viaslab&k atspogulo
plezemns galsa slAys piesfrgojumu. Katr® etalonvieta velcam
miudlo sOnu sugu InventarizBciju. Stinma floru parauglaukuma
detal!l novertdjam uz tcim augodiem koklem, kurus 1izvélotiser
witmAm vEra koku sngu;vanumu, flzjo]nglskn stavokll, apgaismn-
Jrmn an eitus  ekuloglskesa faktorus. Katrai eplfItu stinu su-
gul, izmantojol specl&lu planfoti,nolejcBm projektivo megumu.

Ftalonvietds Lika ievadk:l silnm parsugl gen priesks to
angn yeutAva praclz8sanas, gan priek® turpmakajsm k¥ Imiskajim
anali=®mn, LatwratorijA sinm parsugns, tos piArpelnojot un pac
Fwm npatrBdsjot er rlApek]skBhos un wdlskihes Ak idumiem, »sr
Alom ahanrbeljng  spelttrafotometru  “Perken-Elmer” notelkt|
vienp=damit kimlekie elementi (Cu, ?n, Mn, Fe, Mg, Ca, Fb,
Nt, S, €A, Co) [7]. Snnan tika analizites abtseviagi pa
mwdm, kas dod {espdju pnuvérldt kalras epugas spén skumilét
¥Iminkog elamentus. TLal vardtu notelkt tehm ghne slodzi,
tiva Jzsksitlotl atram slementam anom&iijas koeficienti.
“afA ankarBA, kA& fona r&AILAJug plepdmAm  atli=2eigo  sugn
afinny gImfako yasthva Kuldlgas un fuowdeas 1ejonos. Datu male
mAt IkA apatrhAde tika veikta, Jzmanteojot prof. I Liepas al
gorlimus un programmaa, W Skait]cdonag centra ar datarn
CHAENE . Viallelskglg epif)in miinn mugn skalty apeekotajos
paranglaikumns konalalde Ziepislkalnd, Miropa, Znliniila,
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Pleskodfld, Kleistu me2d, Dreilinos, Mez2ciemd un Jaunnciems.
Sis rezultati pilniba sakrit ar augsnes skogeokimiskajé kur -
t&sand izdalitiem nepiesérgotajiem rajoniem. Lielu projekli-
vo segumu 8eit veido sekojosu sugu siinas: Hypnum cyrres-
atforme Hetw,, Brachytheclum rutabulun (Hedw.) HB., 3.8t g.,
Brachythecium curtwn (Lindb.) Linan., Pylatsfa polyantha
(Hedw.) B.,S.et g., Anbliateglum serpens (Hedw.) B., S.el K.
Kopumd visraksturigakhs epifitu sinu sugas Rigéd ir parastd
pilézija, cipresu hipns un 1svacelisu gints sugas. Vismazék
epifitu sugu novérojamas pilsétas centra, Vecrigid,Sarkandau-
gavid,Veomilgravi,Bolderaja,I]lguciemd ka arl Jugla. Apldkojot
raksturigéko stnu sugu projektivA seguma izmaipas teritorié-
la griezuma (7., 8.att.), redzams, ka %o sepifitu izplatibu
nosaka vairaki fesktori: teritorijas atrasansis attiecibd pret
juras lici, Daugavu un ezeriem (mikroklimats), sinu sugsunal
piemdrotu koku sugu sastopamiba, atinosféras piezemes galss
slapa plesadrpojums. T&, pieméram, kopumd daudzos parauglau-
kumos lielu projektive segumu dod oipre3u hipns, bel tai pal
lai{kd tas nav sastopama gar Kkigas jliras 1ici, kur atmoaféras
piesédrpojums ir daudz mazaks nekd rajonous (Skirotava, P&r-
daugdva) ar augstu plesarnosanas pukdpi, kur minétd suga ir
salidzinosi plasi parstavéta. DomAjams, mindBto tendenc) no-
3aka k& tleritorijas mikroklimatiskds Ipatnibas, td ar
apstdklis, ka deit sugai nav plemdrota substrata, t.1., lapu
koku - Tillta cordata, Onercus robur,

Sulidzinosl mazdkn projoktIvo segiunu uz kokiewm velido
Pylatsta polyantha (liedw.) B. Tomér teritoriala griszuma ta
ir sastopama daudz plagsk un vieumdrigik nekd cltu gngu
siinag. DomAjamd, ka minélo likwnsakarili noyaks faktors, ka
parastal pllézl ol ir 1ivlaks ekeloglskd valence, jo L& aug
daudzve idigdkos vuga-nas apnlak]us nekd oftl eplfitil, ~Tuja
pat luilka minerd sugas cann i jobl jutiga prel izmainam at

wostéray gimialkaja vasteve. AplhlikojoL 8.att., redzamg, ka
minglh suga nav zustopawn Surkandangavay un Skirolovas rip
Niceitay 2onld, pilaéoas cenbon, aney projeklivels seguns mi -

nel Am Snndm by deolciZme e jos rapnicetlng pajunos,



Roticks jautg)ums, kas interesa daudzus ekologijas spe-
vlalistus ple bricindikAcijas, ir projektiva seguma Baistiba
ar augn plesdrpnjuma pakApi. Analizejot izskait]otos koefi-
~ianlun,  novdrojema zinama likumgakarIba, kas izpauzas
neenl.Yva korelBeija (r=-0,67) starp Co un Pb daudzum paras-
'afd pl18zi3A un 80 sUnn projektivo segumu. Ilegiltio dati
Il2eina, ka ekgistd noteikts lielums kobalta wn svins dau-
uman plnAs, pidc lkuras sdkds biotns degradhcija. Saja vir-
7lan8 v&lama turpindt pétIjumus, kas dotu iespdju jau sae-
Tricdgl kenatatal hiotas degradacljas s@ksanos, izmantn ot
‘o yimigkBs analizes rozultatus.

t
1

7000 ~
BB 2 U &8 &

alt S sugag lppore cyprennt forme projakt1vi segumn
jzmninng RTgas pils&td (0 zons - slinu sugn nav
konslafétn)



8.att. Sinu sugas Pylatsta polyuntha projektiva SegUmu
izmaipas Rigas pilséta (O zona - sdm Suga
nav konstatata)

Analizéjet ¥imisko elemsntu daudzuma izmaligas teriior]
618 griezumd epifitu siinas, novérojuma interesanta aina, Ap -
10kojot svina kiimlécijas intensitatd parasLajd piléeija
(9.a8tt.), redzams, ka piekla, celucld un tress plesBrgajumy
20n4as ar' gvina saturd po 81,0 1990 m&/kg 80nus, kus no 3
1¥dz 5 reizes piisnieds fona raditajus, pllnibad sakrit arc
Rigas rhipniecibiay rvajeniem un antolransporta magistcalem.
VissugsLakaly stinn pivabryo juma nrosvinng konstatdts piludtas
centralnjd "du)ie un Skivatava, nedundz wazdks Sarkandanguva
i Boldevajd. Sald sabuti roday JonLg juma, val mé3s viermédr



bt Svina daudsama (mp/kg) fzmaipaz fulatata polyantha
aiinAn Figs

dojellivi novEedld [am Rlgas YApniacibne aegémoma deviena i
solan kopd R pfasfcne junA? Labvél Igaka situdcija
15, Kifrrers un Klafeln

ivane Qv bavie fany

ir Zolitin-
meda apkdrtnsg, lan sving dandzums
Limenine.

Saprotam«. ko viona elamenta izplatihs nadod piluign
prink&atala poar kepdjo vides piasfrgo jomy gitnficiju pileata
PiApAa pitsjo ekolr fiakl nlakamdpe.

nlennnty
roefdeirnll ivdalllf Akuavitrd

koncent.rac] jas
(5. tat ), Tabil8 doti elemcn
tu mindmilie o mnkeiphlle ancndalljas Weafielenti pa mikro
vajonien, dnk oparittin piegfrno juma pulipea plage oilerenei-



b
5. tubula
Smwago metdlu snomdlijes koeficientu (Ka) mirnimalse
un maksimalds vd8rtibss Rigas mikrorajonos
(Pylatsta polyantha sinas)

e e = e e s? el
Hikrorajons mg mig nin min
max msx max max
Pllsétas centrs é—?-‘g g‘% 9‘% Tg‘g
Bolderaja é‘g ggfg :(: %318
20,0 2 9, N
1)&uciems %%.U 13?’% 1§)|é i '{)
2.0 L3.4 4 7.0
Imanta glg 1%_0 1%:6 8,0
Asoniskalny i%:% %l‘% %:g g:%
Zieyniekkalny 1%‘% %*8 ;"% ;‘7‘8
. 0 W 6.6 14.0
Skirotava %%T é)Lé 3.7 1;;,0
Purve temsa 4}42 é % %‘g ng
Me2eicing 1%’% ;‘% g‘g T%‘%
"y _7,0 7.8 L0 9.0
Jugglu 12°5 5.7 28 5.0
VISP apkdrtng 1%:9 3% é J,JI% . 38—:-8
R . 2.8 5,2 1, 2,0
Sarkandnogiava 27‘5 2T,8 14'3 *5’5

Bolju. Analizéjot anomdlijas kooficienlu raditajus starp at-
soviskiem vlewsatlem, JapievArs uzmsniba vienam bUtlskem
apstakl b, Las jJapein véraéd pio Lo ekuluklskds bistamIbas no-
teflsanas. Kaut gun pllsélas spstéklos kopumk Joti augsts
anomdl i Jus kootlelents raltsturigs kobaltum un kadmijam, to
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mir to absolUtAs va8rtibas, parrdkinot uz svara vienibu, ir
daudz reizu maz#kas nskad nikelim un, it seviski, cinkem. Ta,
plumdram, maksimilais lielums Pylalsia polyantha sugas siinis
Ni ir 18,9 mg/kg, 2n - 303 mg/kg, bet Cd - 3,7 mg/kg un Co -
13,9 mg/kg.

Izvérteé;Jot anomdlijas koeficlentu izwaipas teritori&la
griazumbd, interesi izraisa plesdrpojuma pakdpes diferencié-
nlja k& 1ukAld, t& piledtas mérogﬁ. Lokalo diferenciaciju
vislabBk pur8Bda maksimalo un minimale vArtibu attieciIba
konkrdts mikrorujons. Lielu sttiecibu parasti var izskaidrot
nt kaddu intensivi darbojosos piesBrpojuma avotu, kura izmes-
LAs diingizes, putekli'pﬂrklﬂj tikal nelislu dalu no milloora-
Jorn., KA redzamg S5.tabulf, plls8ta kopumb ar augstu piesar-
pofianas 15r 'l izcelss Bolderaja, Tlguciems, 8klrotava, VEF
apkirtne un Sarkandangava. Salldzinodl mazdk piesarpota ir
Imnnta, Purveiems un Agenskalns., Pirmejos mindtajos rajonos,
ki ari Tmant8 un Purvelem& novdrojuma salidzinosl liela pilse-
aitrgojuma 1okfAld diferencifieija. Dandzns gadijumos tas ir
izakaldrodnms ar valdoio v&Ju virzienu. T8, pleméram, Bolde-
1ajé mugsts plesérpojuma limenis ir ripnizcibas zonA un tai
pirgulniajli apkartng, bet tojd pa3fs lalkd hlakus esnbos mein
warjena, patnicoties valdodn vAaju viczirnam, atmosfdras pie-
semen galan alaps plesfirpojums ir nelfela. LIdzign situfclfa
iy arY citos rajonog,

lnterayanta saina novﬁfnjnmn pilgétax ~antra, kar lopumi
roksturigs augeta teritoridatll 1e)vdelndta plesfirne foma |ime -
niu, nnmﬁjnmn, yAd savdablign alciei o nosaka valrdki tak
tris PilsAtar centralaja ds)a waslopasmi dandzl lordlic pie
adiyoima svorl ar salldzine#l zemu ingredientn  [zmafanae
augokimt, k&a nogsshka, ka gimiskAg vielag irplatfa salidoino-
#1 melialé terjtorlja. Galvenis lzmegn avotd - dednc o oan
tomsglrtrales viammSrigl vm hiTul parklaj cenkva terifterl o,
kA rezultBtd veidojas plagy plecdigoiomes leule, Tajh pasi
lalkA canlrda apblves sbinktiive, kB 217 plilezras morfolofisks
olnava kopumd neveieina alwoaf®ran pagallin T4anor.

JokAlH Aaspadtd maza dlre:nnéih“njq LovAT A faman AT Jiep
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niekkalnd un Agenskalna, bet situdcija te ir daude savadaka,
jo kopdjais atmosréras‘piesﬁrnojuma limenis 1ir salidzinosi
zem3. Tas tlkal lieoina, ka 8ajos rajonos ekoluglskd 3itud-
cija ir 1abv81ligédka. Daudzos gadIjwaos lielu lok&lo pilesar-
pojuma teritoridlo diferencificiju mikrorajond var izsaukt
atgevisdki darbojoss objekts (pisméram, Jugla, Mezciems), kas
lokdla aspektd rada pasugstinatu piesarpojuma zonu. 5is zo-
nas lielumu nosaka objekta darbibas intensitéte, ingredientu
izmesanas augstums, k& arl apblves un sapzalumosanas struktil-
ra, valdoso véeju virziens. Balstoties uz leprieks teikbto un
ieglitajiem biogeokimiskas indikdcijas rezultdtiem, redzams,
ka ples@rpojuma lok&ld diferencldclija Jjapem véra ka ple
dzivojaho masivu lzvietoganas, plénojot skolu, bdrnudarzu,
sporta laukumu strasanfs vietu, kd ari apzalumosanas struk-
tiras pilnvelidosanad. Lidzigl rezultati iJeglitl, izmantojot
ari piréjo sugu slnas (Hypﬁum cypresatforme, Brachythectium
gints sugas). Tomdr nepiéciesams atzimét, ka, salidzinot
metdlu kumulécijas intensitdti atkarIbd no konkrstés siinu
sugay, starp pBtIitdm -sugdm Cu, Pb un Pe visvairfk akumuld
parastd pilézija, tai seko IsvBcelisu Zints sugns, bet viu-
mazék tos uzkraj cipresu hipns.

Pirmie brioindikdcijas rezult&tl RIga parada, ka 51 me-
tode dod pozitivus rezultitus vides stdvokla kontrolei. K&
pamalsugu brioindikfcija leteicams izmantot parasto pildzi-
ju.

Nosl&guud, kompleksi lzvart8jot pdtIjumu rezultftus par
ekoloklsko eltudciju pilséta, varam atzImdt, ka paareiz Joti
nelabvdligi vkoloZlskie apst@kl}i, kas raksturojaﬂ ar splfiItu
siinu sugu skaitu, to projektivo segumu samazin&Bsnos, kd arl
saglabAjusas asiinds Joti augstu ingredientu koncéntrﬂoiju,
izveidojusies vairakos pilsétas rajonos:, pllsdtas centrd,
Sarkandaugavi, VEP apkdrtns, Sktrotava, dajsjt Boldera)a,
Hguctema un Jugla. Sajos rajonos neptectedams stingri
kontrolét un notelkt katra plesdrnodanas obfekta devumu vl-
tey  stavokla pasliktingdand un uz to bazes vetkt Ronkrétus
gun tehnologlska, gan cita roakstura pasdkumus, 1ldz pat at-



(1))

neul:‘f};u razotnu alégianal un parproftiddanal, 1al uzlabotu
akologisko altudeiju. Perspektivs JEstrada ple sutotranspor-
tn  kustY¥baz ekolouglzlicijus, Jo pasreiz daudzos rajonos
(pti1sBtas centrs, lepina iela u.o0.) vides pilesfirposand tam
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KIMISKO ELEMENTU KONCENTRACIJA
SPHAGNUM MAGELLANICUM BRID. SUNA LATVIJA

Tradicionali vides stavokla kontrole balstas uz regionalas un globalas monitorésanas
principiem, 1zmantojot stacionarus un parvietojamus novéroSanas punktus. Tomer tie ne
vienmér sniedz vélamo informaciju par vides piesarnojuma pakapi. Tapéc pasaulé aizvien
lielaku nozimi vides stavokla novértésana ienem bioindikacijas metodes, kas dod iesp&ju ne
tikai 1zsekot piesarpojuma teritorialai izplatibai atmosfera, bet ari, balstoties uz iegiitajiem
rezultatiem, lauj optimali izvietot stacionarus novéroSanas punktus. Bioindikacijas pamata
ir organisma sp€ja uzkrat audu Skiedras un organos ingredientus, ka ari registrét augos
notickosas biologiskas un fiziologiskas parmainas, mainoties vides kvalitatei.

Gaisa piesarnojuma pakapes indikacijai daudzas valstis sekmigi izmanto augsto purvu
ckosistémas. No geokimiska viedokla augstie purvi ir izteikti autonomi veidojumi, kuros
pamatieZi netiek iesaistiti elementu migracija (1). Tapéc kimiskas vielas, ari tehnogenie
sarni, $ais ekosistémas uzkrajas tikai no atmosferas. Kiidrai un sfagniem piemit izcila spgja
absorbét daudzas vielas, to vidil ari smagos metalus. Balstoties uz purvu ekosisteému izpéti,
iespgjams izdalit tehnogénas biogeokimiskas anomalijas, noteikt to intensitati un kimisko
sastavu, ka ari noskaidrot galvenos sarpavotus.

Latvija augstic purvi sastoparri gandriz visur, izpemot Latgales augstieni un
Zemgales lidzenumu. Tapec tie ir Joti noderigi objekti, lai noskaidrotu samu izkliedi
atmosféra Latvija. Ar Sadu noliku 1989.gada tika veikta augsto purvu ckosistemas
visbieZak sastopamas siinas Sphagnum magellanicum Brid. kimiska sastava izpéte un
kart€Sana. Peétijumos piedalijas Latvijas Universitates, LZA Biologijas institata, LRA
“Silava” un R/a “Latvijas geologija” zinatnieki.

PETIJUMU MATERIALS UN METODIKA

Stunas Sphagnum magellanicum Brid. paraugi ievakti vasaras ekspedicijas laika
1989.gada julija un augusta, kad, izmantojot Latvijas kudras atradpu shematisko karti
méroga 1:100 000, tika apsekoti vairak ka astopdesmit augsto purvu. Atkariba no purvu
sugu sastava, antropogénas izmantoSanas pakapes un noslodzes tika izveleti piecdesmit
purvi, no kuriem ievaca Sphagnum magellanicum Brid. stinas paraugus kimiska sastava
poteik3anai. Katra purva siinas ievaca no trim 10 m’ lieliem parauglaukumiem. Ievakto
siinu garums bija aptuveni 8+2 cm (siinu za]a dala). No tris parauglaukumos ievaktiem
paraugiem izveidoja vienu kopé&ju paraugu, kura masa bija 4-5 kg. Paraugi turpmak tika
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stavoklim. Péc izzaveSanas paraugus sadalija divas dalas radiounklidu un smago metilu



noteikSanai. P& sinu paraugu sasmalcinaSanas kimisko elementu koncentracija tika
noteikta Latvijas ZA Biologijas institlita ar atomabsorbcijas (Cu, Mn, Ca, Zn, Pb, Cd, Fe,
Sr, Ni, Co) un Fizikas institiita ar neitronu aktivacijas (Na, K, Ca, Sc, Cr, Fe, Co, Ni, Zn,
Se, Br, Rb, Mo, Sb, Cs, Ba, La, Eu un Hg) metodi. Turpmakaja darba, novértgjot kimisko
elementu daudzumu stinas un karté€Sana, izmantotas Zn, Ca, Fe, Co un Ni vertibas, kas
1egitas ar atomabsorbcijas metodi.

Lai varétu noskaidrot kimisko elementu teritorialas izplatibas likumsakaribas, katram
elementam sastadita kartoshéma, kur elementu koncentracija Sphagnum magellanicum
Brid. sund nosaciti iedalita piecas klasés. Nosakot piesarpojuma izplatibas arealus, t.i.,
novelkot izolinijas, tika pemtas véra ne tikai elementu absoluitas vértibas, bet ari potencialo
atmosféras piesarpotaju atraanas vieta, valdoSo v&ju virziens, reljefs un citi faktori. Lai
varétu raksturot un salidzinat atseviskus Latvijas novadus, valsts teritorija nosaciti sadalita
etros regionos - Kurzeme, Viduslatvija, Vidzeme un Latgale (sk. 1.zim.). Katra regiona,
ka arl Latvija kopuma aprékinati $adi atseviS$ku elementu raditaji: kimisko elementu
koncentracijas vidgjais lielums, standartnovirze, varnaeijas koeficients. Paraugkopu vidéjos
lielumus salidzinaja, izmantojot rezultatu ticamibas koeficientu (2).
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1.zim. Parauglaukumu izvietojums Latvijas augstos purves.un teritorijas regionalais sadalijums.



VISPARIGS ELEMENTU KONCENTRACIJAS NOVERTEJUMS

Pirms veicam kimisko elementu teritorialas izplatibas analizi, aplukosim iegiitos
rezultatus Latvija kopuma un salidzinajuma ar citu valstu vides stavokla izpgtes
rezultatiem. Ka liecina 1.tabula, ar atomabsorbcijas metodi noteiktie vienpadsmit elementi
péc to absolutas vertibas sfagnos sadalas $adi: Ca>Mg> Fe>Zn> Pb> Cu> Ni>Sr> Co> Cd.
Ka redzams, Latvija sfagni ir bagati ar kalciju, magniju un dzelzi. Visai daudz ir ari
mangana un cinka.

Par atseviSku elementu teritorialas izplatibas likumsakaribam noderigu informaciju
sniedz paraugkopu standartnovirze (S) un variacijas koeficients (S%). Standartnovirze $ai
gadijuma pierada lokala un regionala piesarpojuma nozimi katra elementa izplatiba.
Vislielakie vanacijas koeficienti Latvija kopuma raksturigi Pb (77.79%), Ni (64.48%), Co
(66.95%), Sr (53.59%), Mn (48.36%). Domajams, ka, pumkart, So elementu sadalijuma
liela nozime ir Latvija un tas pierobeza esoSiem sarnavotiem, kas tieSi ieteckmé Latvijas
ekosistémas. Otrkart, aerosoliem, kas satur min€tos eclementus, raksturigs lokals un
regionals izplatibas areals, kas rada lielu kontrastainibu. Nelielas koncentracijas amplitidas
raksturigas Cu (S%=28.58%), Mg (24.76%), Ca (27.63%), Zn (37.0%), Cd (37.94%), kas
liecina par minéto elementu vienmérigu sadalijumu Latvija.

Salidzinot iegiitos rezultatus ar P.Pakarinena un K.Tolonena (3, 4) un A.Jevsejeva (5,
6) petijumu rezultatiem (sk. 2.tabulu) par kimisko elementu koncentraciju Zviednijas un
Somijas sfagnos, redzams, ka to vértibas ir atSkirigas ka starp elementiem, ta ari starp
regioniem.

Péc 2.tabulas redzams, ka Latvija sfagnos ir relativi mazaka kimisko elementu
koncentracija neka ropnieciski attistitas Somijas un Zviedrijas dienviddala, bet tai pa3a
laika relativi vairak neka Skandinavijas ziemeldalas purvos. Tas nozime, ka vidgjais
atmosferas piesarpojums Latvija, Somtijas un Zviedrijas centralaja dala ir aptuveni vienads.
Protams, ka atkara no rupniecibas specifikas un citiem faktoriem novérojamas bitiskas
atSkiribas atseviSku elementu sadalijuma. Ta, pieméram, Somija un Latvija purvu
ekosisteémas sfagni satur daudz mazak Pb neka Zviedrja. Savukart Zn vidé€ja koncentracija
Sphagnum magellanicum Brid. sina Latvija ir 54.7 mg/kg. Salidzinajuma ar Eiropas
ziemelu rajoniem purvu ekosistému piesarnojums Latvija ar Zn ir divas reizes augstaks. Tas
ir aptuveni tads pats ka Somijas dienviddala. Savukart Zviedrijas dienvidos sfagni satur
divas reizes vairak Zn (129.0 mg/kg) neka Latvija.

AJevsejevs un T.Krasovska (6) iesaka par fona limeni izmantot aiz polara loka
augoSos sfagnus, minot §adus raditajus: (mg/kg) Pb-4.0, Cu-3.0, Ni-4.0, CI-0.3, Fe-800,
Mn-90.0, Sr-2.5, Cr-1.0, Co-0.5, Zn-20.0, Li-0.3. Salidzinot $is vertibas ar kimisko
elementu koncentracijas minimalajam vertibam Latvija, redzams, ka pie mums loti daudzos
rajonos sastopami purvi, kur attiecigo clementu koncentracija neparsniedz Eiropas
ziemeliem, tatad relativi tirakiem regioniem, raksturigos lielumus. Lidz ar to Latvija var
iz8kirt fona rajonus, kas péc absolutam elementu vertibam ir aptuveni lidzigi Eiropas
ziemelu rajoniem. Tas nozimé, ka minétos rajonus ietekmé tikai globalie piesarpojuma
parneses procesi. Analiz€jot atmosferas piesarpojumu Latvija salidzindgjumad ar
Skandinavijas valstim, kopuma varam izdarit $adus secinajumus.



|.tabula

Kimisko elementu koncentracija Sphagnum magellanicum Brid. stna

Latvijas augstajos purvos (noteikta ar atomabsorbcijas metodi)

Elements X S S% Xmin Xmax
Cu mg/kg 4.04 1.15 28.58 2.3 7.4
Mn mg/kg 155.78 72.79 48.36 132.0 396.0
Mg mg/kg 1.08 0.27 24.76 0.5 1.9
Cu g/kg 2.82 0.78 27.63 1.2 5.0
Zn mg/kg 54.66 20.22 37.00 24.0 132.0
Pb mg/kg 17.1 13.30 77.79 8.5 98.4
Cd mg/kg 0.36 0.13 37.94 0.1 0.8
Fe g/kg 0.74 0.35 46.88 0.28 2.0
Sr mg/kg 3.09 1.65 53.59 0.5 7.6
Ni mg/kg 3.60 2.47 68.48 0.5 16.9
Co mg/kg 1.89 1.26 66.95 0.2 4.9
X - videji Latvija
S - standartnovirze
S% - varidcijas koeficients
Xmin - zemakd atrasta koncentrdcija
Xmax - augstaka atrasta koncentrdcija

2.tabula

Kimisko elementu koncentracija (mg/kg) Somijas, Zviedrijas (3, 4, 6) un Latvijas
Sphagnum magellanicum Brid. suna

Ele- Somija Zviedrija Latvija

ments D cC |"Z D C V4 X K C \%
Cu 6.0 3.9 3.1 6.5 4.8 1.8 4.0 3.4 4.9 39
Fe 707 134 113 2880 890 - 740 800 840 630
Mn 109 449 351 85 44 46 155 115 159 155
Pb 27.9 10.5 6.4 101.0 | 64.0 4.0 17.1 15.9 26.7 14.8
Zn 4] 334 19.6 129 65 - 54.7 54.7 51.6 522

D - dienviddala, C - centrs, Z - ziemeldaja, X - videjais Latvija, K - Kurzeme, V - Vid-eme




Latvija atmosferas piesarpojums vid€ji ir tads pats ka Zviedrijas un Somijas
vidusdala, tai pa$a laika tas ir daudz mazaks par $o valstu lielo riipniecibas regionu, t.i.,
dienvidu rajonu limeni. Atseviskos regionos Latvija (Dienvidrietumu Kurzemé un
Viduslatvija) kimisko elementu saturs sfagnos ir tads pats ka ripnieciski attistitajos
Skandinavijas rajonos.

KIMISKO ELEMENTU TERITORIALA IZPLATIBA
LATVIJAS AUGSTO PURVU EKOSISTEMAS

Gan péc absolutam veértibam, gan relativi katra elementa koncentracija atsevidkas
Latvijas ekosisteémas loti varie, ko nosaka riipniecibas specifika un raZoSanas intensitate,
sarqu izplatibas raksturs un daudzi citi faktori. Turpmak aplikkosim Pb, Ni, Zn, As un Hg
teritorialo izplatibu, kas atspogulo ingredientu izplatibas kop€jas tendences Latvija.

Svins

Svins atmosféra nonak galvenokart no antropogé€niem avotiem: transportlidzekliem,
elektroenergijas razoSanas iekartam un rupniecibas uznémumiem. Minéta sakariba nosaka
ari svina teritorialo sadaljjumu Latvija. Kopuma svins visvairak ir Viduslatvijas purvu
ekosistemas (V=26.7 mg/kg). Par€jos Latvijas regionos videjais svina daudzums stnas ir
aptuveni vienads (14.5-15.9 mg/kg). Vid&jos lielumus salidzinot, redzams, ka Viduslatvijas
vidgja koncentracijas vertiba bitiski atSkiras no Kurzemes (t=6.39, t=0.05, V=23=2.07),
Vidzemes (t=7.6, t=0.05, V=20=2.08) un Latgales (t=10.1, t=0.05, V=16=2.12) attieciga
raditaja. Kurzemes, Vidzemes un Latgales paraugkopu vid€jo lielumu vértibu starpibai ir
gadijuma raksturs.

Svina paraugkopam Latvijas regionos raksturigi loti augsti variacijas koeficienti:
Viduslatvijai-111.07%, Kurzemei-47.35%, Vidzemei-26.21%, Latgalei-22.85%. Variacijas
koeficienta vértibas liecina, ka Vidzemé un Latgalé svina koncentracijas teritoriala
sadalijumd nav izteikti anomalijas lauki. Kurzemeé un it sevi¥ki Viduslatvija svina
anomalijas ir spilgti izteiktas (2.zim.). Sais regionos konstatéjami divi pla$i svina
anomalijas lauki - Kurzemes dienvidrietumos un Rigas apkartne. Kurzemes
dienvidrietumos paaugstinatu svina koncentraciju relativi plasa tentorija rada vairaku
viet€jo emisijas avotu (Liepajas un MaZeiku rupniecibas uzpémumu, Vaigodes kara
lidlauka, Brocénu cementa un Sifera kombinata) samu parklasanas ar regionalas parneses
ingredientiem no Rietum-un Ziemeleiropas.

Otru anomalijas lauku veido Rigas, Jiirmalas un Jelgavas rilpniecibas uznémumu un
transportlidzek]lu sarpi. Svina anomalijas laukam raksturiga novirze austrumu un
ziemelaustrumu virziena, ko nosaka valdoSo véju virzieni Latvijas centralaja dala. Rigas un
regiona raditais piesarpojums sasniedz Vidzemes augstieni. Ka jau iepriek3 tika minéts,
paaugstinatais svina daudzums augsto purvu ekosistémas Rietumkursas un Vidzemes
augstien€ un it seviski to rietumnogazes liecina par elementa nok]iSanu tur ar globalajam
un regionalajam parnesem. Lidz ar to pétijumi vélreiz apstiprina LZA Biologijas institiita
specialistu secinajumus (7) par svina sastopamibu aerosolos fona rajonos.
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2.zim. Pb koncentricija (mg/kg) Sphagnum magellanicum Brid. sina Latvija (noteikta ar
atomabsorbcijas metodi).

Cinks

Cinks raksturigs tehnogénam geokimiskam asociacijam legeta terauda, krasaino
metalu, radiotehnikas, elektrotehnikas, maSinbiives, laku un krasu riipniecibas uznémumu
tuvuma (8). Latvija bez minétajiem uzpémumiem potenciali cinka sarpavoti ir
autotransports, termoelektrocentrales un katlumajas, buvmaterialu ripniecibas uznpémumi
(7). Analizgjot cinka teritorialo izplatibu, jaievéro, ka degSanas procesos augstas
temperatiiras apstik]os rodas sikdispersas dalipas, kas no atmosféras noséZas Joti 1€n1 (7).

Visvairak cinka ir Latgales un Kurzemes augsto purvu ckosistémas (sk. 2.tabulu).
Nedaudz mazakas vértibas konstatétas Viduslatvijas un Vidzemes purvu siinas. Paraugkopu
standartnovirzes regionos ir $adas: Kurzemeé-25.94 mg/kg, Viduslatvija-9.11 mg/kg,
Vidzeme-18.99 mg/kg, Latgale-20.93 mg/kg. Vislielaka cinka koncentracijas amplitida
raksturiga sfagniem Kurzemé un Latgale, daudz mazaka - Viduslatvija. Minimala vertiba
katra regiona ir $ada: Kurzeme-24.0 mg/kg, Viduslatvija-39.6 mg/kg, Vidzeme-28.8
mg/kg, Latgale-38.4 mg/kg. Tapeéc varam secinat, ka Viduslatvija gandriz visa regiona
raksturigs augsts un teritoriali stabils cinka piesarpojums. Sameérd augsts minimala Zn
daudzums Sphagnum magellanicum Brid. suna konstatéts Latgal€, kas liecina par augsto
regionalo fona limeni.
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3.zim. Zn koncentracija (mg/kg) Sphagnum magellanicum Brid. sina Latvija (noteikta ar
atomabscrbcijas metodi).

Minétas cinka izplatibas tendences apstiprina elementa teritorialas izplatibas
kartoshema (3.zim.). Palielinats cinka daudzums raksturigs Latvijas dienvidrietumos un
dienvidaustrumos, ka ari Vidzemes un Rietumkursas augstiengé. Latvijas dienvidrietumos
cinka biokimiskas anomalijas izveidoSanas saistita ar Liepajas rupniecibas objektu
intensivu atmosféras piesirpo$anu. Tapéc piesargojums vérojams pat 100 km liela attaluma
(7). Jekabpils apkartne, domajams, atmosféras piesarpojumu ar cinku rada vairaki vietgjie
riipniecibas objekti (Jekabpils bivmaterialu un konstrukciju razoSanas apvieniba, LieSanas
mehzniska riipnica), ki ari Livanu ripnicas. Butiska nozime vides piesamojuma ar Zn ir arl
kara lidlaukam.

Biogeokimisko anomaliju teritorilais izvietojums Rietumkursas augstiené, Vidzemes
augstiené, Vidzemes pickrasté un Latgale liecina, ka Joti daudz cinka nonak Latvija ar
regionalajam parnesém no citam valstim.



Nikelis

Nikelis raksturigs tehnogénam elementu Beokimiskam asociacijam, kas veidojas
augsne ap melnas un krasainas metalurgijas, radiotehniskas, elektrotehniskas, masinbaves,
kimiskas un cementa riipniecibas uznémumiem (8).

Latvija (4.zim.) atrastas vairakas nike]a tehnogénas biogeokimiskas anomalijas:
Kurzemes dienvidos, Rigas apkartné, Jekabpils tuvuma un Austrumlatvija. Visvairak Ni
satur Viduslatvijas augsto purvu ekosistémas (6.06 mg/kg) (sk. 2.tabulu). Gandriz uz pusi
mazak tas ir pargjo regionu ekosistémas. Tapéc varam secinat, ka Viduslatvijas purvu
ckosistemas Vi augstas koncentracijas zipa izcelas uz paréjo regionu fona. Noveértgjot
standartnovirzes un variacijas koeficientu atSkiribas, redzams, ka vislielakais variacijas
koeficients raksturigs Viduslatvija (74.77%), kam seko Kurzeme (49.96%), Vidzeme
(47.72%) un Latgale (38.55%). Minimala Ni koncentracija Sphagnum magellanicum Brid.
sina konstateta Kurzemé (0.5 mgkg). Ari paréjiem eclementiem Kurzemes
ziemelaustrumdald nove€rojamas zemakas vertibas, kas liecina, ka minétaja regiona
atmosferas gaisa masas nesatur tehnogéno Ni. Maksimala Ni vértiba Latvija konstatéta
Viduslatvija - Getligu purva. Tas izskaidrojams ar riipniecibas uznémumu un citu sirgavotu
augsto koncentraciju Riga.
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4zim. Ni koncentracija (mg/kg) Sphagnum magellanicum Brid. sina Latvija (noteikta ar
atomabsorbcijas metodi).



Hroms

Hroma koncentracija Latvijas augsto purvu Sphagnum magellanicum Brid. sina ir
3.2-13.4 mg/kg. Minimala koncentracija Kurzemes austrumdala - Tirelpurva un Vidzemes
pickrasté - Pales purva (sk. 5.zim.). Maksimala koncentracija (13.4 mg/kg) registréta
Vaigodes tuvuma. Hroms atmosféra nonak no uzpémumiem, kas parstrada un lieto hroma
vai ta savienojumus. Tie ir sérkocigu raZo3anas, legéta terauda raZosanas, maSinbives,
tekstilripniecibas uznémumi u.c. (9). Loti daudz hroma izdalas, dedzinot akmegogles (10).
Hroms raksturigs elementu Zeokimiskam asocidcijam augsné un augos ap precizas
maSinbaves, elektrotehniskas riipniecibas, plastmasu un laku un krasu ripniecibas
uzpémumiem (8). Latvija visaugstaka vidéja hroma vértiba (7.7 mg/kg) konstatéta
Kurzemé. Kurzemes dienvidrietumos ir teritoriali plasa biogeokimiska anomalija, kur siinu
piesarpojums ar hromu vairak neka 4.1 reizi parsniedz ta koncentraciju Latvija nosaciti
tirakajis - ziemelrajonu purvos augo$ajas sinas. Kaut gan Kurzemé hroma koncentracijai
raksturigas gan loti augstas, gan ari zemas vértibas, ta variacijas koeficients paraugkopai ir
tikai 39.88%, kas ir mazaks par attiecigo raditaju Viduslatvija. Dal€ji minéta tendence
izskaidrojama ar to, ka Kurzeme paaugstinats hroma saturs raksturigs loti plaSai teritorijai.
Analizgjot potencialos hroma sargavotus Kurzemé, noteikti jaatzimé rapniecibas uzpémumi
(metalurgiska rapnica “Sarkanais metalurgs”, kokapstrades razoSanas apvieniba “Baltija”,
Liepdjas galanterijas kombinats, Liepajas adu fabrika) un katlumajas Liepaja, ka ar
uznémumi un katlumajas MaZeikos, Ventspili un Kuldiga.
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5.zim. Cr koncentracija (mg/kg) Sphagnum magellanicum Brid. sima Latvija (noteikta ar neitronu
aktivacijas metodi).



Otra biogeokimiska anomalija ar augstu hroma koncentraciju Sphagnum
magellanicum Brid. suna ir Rigas un Jelgavas apkartné. Anomaliju izveidoSanos $ai regiona
noteikusi abu min€to pilsétu rupniecibas uzpémumu darbiba. Kaut gan valda uzskats, ka
hroms atmosféra aerosolos izplatas rupji dispersu putek|u veida (11), tomer ta teritoriali
plasa izplatiba Kurzemes augstienés, Vidzemes augstiené un Latgal@ liecina par hroma un
ta savienojumu talo parnesi, kas izskaidrojama ar to, ka dala hroma savienojumu aerosolos
sastopama ari sikdispersu daligu veida.

Arséns
Arséna tehnogenas izcelsmes avoti ir ripniecibas uzg€mumi, kas raZo seérskabi,
reagentus, antiseptiskas vielas, mineralmeslus, ka ari katlumajas un termoelektrocentrales,
kas dedzina%anai izmanto akmenogles, naftu, kiidru un degslaneklus (9). Arséna daudzums
atmosfera picaug ap stikla un stikla Skiedras ripniecibas uznémumiem. Daudzos gadijumos
augsné paaugstinats arséna daudzums konstatéts ap kimiskas riipniecibas uznpémumiem (8).

Latvija arséna daudzums Sphagnum magellanicum Brid. suna ir 0.27-3.19 mg/kg.
Tas nozimé&, ka visvairak ar As piesarpota augsta purva ekosistémas stina pie Dunalkas
satur 11.8 reizes lielaku koncentraciju neka stinas Mazirbes apkartnes purvos.

Apliikojot vides piesarpoSanu ar arsénu, vidgjie liclumi visaugstakie ir Kurzemé (1.04
mg/kg) un Viduslatvija (1.00 mg/kg). Kurzemes dienviddala Sphagnum magellanicum
Brid. siunas satur loti daudz arséna (1.40-3.19 mg/kg). Augsts As limenis raksturigs
purviem Ventspils tuvuma un visa Kurzemes nietumdala (sk. 6.zim.). Tai pasa laika
Kurzemes centralaja un austrumu dala arséna daudzums siinas ir divas tris reizes mazaks.
Domajams, lielakie arséna sarpavoti Kurzeme ir Liepdjas un Ventspils riipniecibas
uzgémumi un katlumajas, jo to izpliides gazes satur arséna savienojumus.

Augsts vides piesarpojums ar arsénu konstatets Viduslatvija, kur atmosféra daudz
minéta elementa izmet Rigas, Jelgavas un ari Jirmalas uzpémumi. Augstaka koncentracija
Viduslatvija konstatéta purva Jaunciema . tuvuma, tatad piesarpojuma domingjosa
izplatiSanas virziena no Rigas.

Vidzeme vides piesarmnojums ar arsénu nav tipisks. Lielakaja teritorijas dala arséna
daudzums Sphagnum magellanicum Brid. sina nedaudz parsniedz fona limeni. Tomeér
jauzsver, ka paaugstinats arséna daudzums raksturigs Ziemelvidzemé. Viens no
potencialajiem arséna sarpavotiem $ai apvidil ir Valmieras stikla Skiedras riipnica.

Latgalé arséna koncentracijai Sphagnum magellanicum Brid. sina raksturigs stabils
paaugstinats limenis (x=0.87 mg/kg), jo tur loti daudzas pilsétas (Daugavpili, Livanos,
Jekabpili, Rézekn€) ir uzpémumi un katlumajas, kas atmosféra izmet arsénu un ta
savienojurmnus.
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6.zim. As koncentracija (mg/kg) Sphagnum magellanicum Brid. sina Latvija (noteikta ar neitronu
aktivacijas metodi).

Dzivsudrabs

Dzivsudrabs uzskatams par vienu no toksiskajiem kimiskajiem elementiem, ko
atmosfera daudz izmet ripniecibas uzg€mumi, termoelektrocentrales un katlumajas. Hg
letilpst elementu tehnogénas asociacijas augsnés pie krasainas metalurgijas, smagas
maSinbives, plastmasu, organiskas sintézes un cementa riipniecibas uznémumiem (8).
Augos, kas aug piesarpotas vietas, uzkrajas daudz vairak Hg neki normalos apstiklos
augoSos. Seviski intensiva Hg akumulacija raksturiga kérpjiem, burkaniem, séném. ASV
pilsetu parku siinas satur 1.4 mgkg dzivsudraba. Somija pie kimiskas ripniecibas
uznémumiem kérpji satur 36.0 mg/kg (10).

Latvija Sphagnum magellanicum Brid. sina Hg koncentricija ir no 0.0027 lidz
0.0143 mg/kg. Visaugstaka vide€ja dzivsudraba koncentracija konstatéta Kurzemé un
Viduslatvija (sk. 7.zim.). Analiz&jot elementa sadalijumu, varam secinat, ka emisijas avoti,
kas izmet atmosfeéra dzivsudrabu, atrodas Liepaja, MaZeikos, Naujoji Akmené un Riga.
Jaatzimg, ka dzivsudrabs aerosolos sastopams sikdispersu dalinu veida, lidz ar to ta izkliede
ir Joti plaSa. Atseviskas dzivsudraba biogeokimiskas anomalijas ir Jekabpils apkirtng un
Latgales austrumos. Hg, Rb, Cr, Se, Mg, Co, Ni un Pb paaugstinatis koncentracijas iemesli
sfagnos Latvijas austrumos perspektiva ir petams jautijums. Analizgjot kimisko elementu
teritoridlo izplatibu, Latvija kopuma varam verot vairakas polielementu tehnogeénas
biogeokimiskas anomalijas. Paaugstinata elementu koncentracija Sphagnum magellanicum



Brid. suna raksturiga Liepajas (Pb, Zn, Ni, Cr, Cs, Hg, As u.c.), Mazeiku (Pb, Zn, Ni, Fe,
Hg, Cs, Rb, Br, Se u.c.), Ventspils (Pb, Zn, Mg, K, Cs, Rb, Br u.c.), Brocénu (Mg, Ni, Se,
Ba, Br, As), Rigas (Pb, Fe, Cu, Ni, Co, Mg, Cs, Rb, As, Cr u.c.), Valmieras (Co, Se, Rb,
Cs, Br, As), Jekabpils un Livanu apkaimé (Mg, Cs, As, Zn, Cu, N, Mn).
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7.zim. Hg koncentracija (mg/kg) Sphagnum magellanicum Brid. sina Latvija (noteikta ar
neitronu aktivacijas metodi).



SECINAJUMI

1. Latvijas vides piesarpoSanas kontroler var sekmigi izmantot augsto purvu
ckosistéma augoSo Sphagnum magellanicum Brid. sanu, kas uzkraj kimiskos elementus no
atmosféras. Izmantojot sfagnus, teritoriali iesp&ams noskaidrot izkliedi visa Latvijas
teritorija, izpemot Latgales augstieni un Zemgales lidzenumu, kur mingtais purvu tips nav
sastopams.

2. Salidzinot kimisko elementu koncentraciju Sphagnum magellanicum Brid. sina
Latvija un Zviedrija, Somija un PSRS ziemelos, varam secinat, ka visu So rajonu augsto
purvu vid€jais piesarnojums ar smagiem metaliem un citiem elementiem ir aptuveni
vienads, tai pasa laika tas ir daudz mazaks par $o valstu attistito ripniecibas rajonu, t.i.,
dienviddalas, piesarpoSanas pakapi.

3. Latvijas nosaciti nepiesarpotos rajonos (Zieme|vidzemes un Kurzemes
austrumdala) kimisko elementu koncentracija sfagnos ir aptuveni tada pati Eiropas ziemelu
rajonos, kas dod iesp&ju Sos regionus uzskatit par fona rajoniem, kuros butu iesp&jams
kontrolét sarpu globalo un regionalo parnesi.

4. Atkariba no kimisko elementu koncentracijas Sphagnum magellanicum Brid. sina
Latvija varam izdalit vairakus tehnogenos oreolus.

Kurzemes dienvidrietumos un dienvidos elementu asociacijas zipa izveidojies
sarezgits un teritoriali loti plaSs tehnogenais oreols, kas radies, teritoriali saplistot un
parklajoties vairaku pilsétu (Liepajas, Brocenu, Mazeiku, Naujoji Akmenes un Vainodes)
ripniecibas uzgémumu, katlumaju, transporta un kara aviicijas izmestiem sarpiem. Sai
oreola konstatétas atsevisku elementu (Cr, Fe, Sr, Zn, Ni u.c.) maksimalas vertibas Latvija.

Otrs tehnogénais oreols Kurzemé izveidojies ap Ventspili, kur konstatéts augsts Fe,
Sr, Rb, Se, Br, As, Mg u.c. elementu daudzums Sphagnum magellanicum Brid. siuna.

Loti plaSs un kimisko elementu sastava zipa sarezgits tehnogénais oreols izveidojies
Viduslatvija, aptverot Rigu, Olaini un Jelgavu. Tehnogena oreola raksturiga augsta Pb, Cr,
Fe, Sr, Cu, Ni, Rb, Hg, As u.c. elementu koncentracija.

Vidzemeé tehnogenais oreols ar augstu Rb, Cs, Br, As u.c. elementu vertibu konstatéts
Valmieras un C&su rajona.

Latgalé tehnogenais oreols ar augstu Rb, Cr, Sr, Cu, Ni, Rb, Cd u.c. elementu
koncentraciju ir Balvu rajona. Tehnogenais oreols ar Hg, Cs, As, Sr, Ni, Zn, Mn, Mg u.c.
elementu paaugstinatu koncentraciju sina konstatéts Jekabpils un Livanu apkartné.

5. Rietumkurzemes un Vidzemes augstien€, ka ari Latvijas dienviddala konstatéta
sarnu transregionala parnese un izkliede no Centralas Eiropas un Skandinavijas valstim.
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VIDES IETEKMES INTEGRACIJAS PROBLEMAS

Biosistemu un vides daudzveidiba nosaka ekometodologijas pamatnoteikumus.
Pirmkart, par vides kvalitites izmainam var spriest tikai attiecibd uz konkrétu
populéciju, par atsauces kritériju izvirzot tos raditajus, kas visjiitigak atspogulo
populécijas vitalitates limeni. Misu petijumu objekts ir Rigas iedzivotaji,
atsauces kriterijs - saslmstiba ar elpoanas slimibam. Otrkart, vide jaraksturo
kvantitativi un kompleksi. Ar to jasaprot vienlaicigi un iespéjami lielaka vides
faktoru. skaita uzmerisana. Misu gadijuma noteikts smago metalu saturs gaisa
un augsne dazadas Rigas dalas. Treskart, janoskaidro V1des faktoru
fiziologiskas ekvivalences limeni, atsedzot to, kada virziena (- vai -) un cik
intensivi iedarbojas katrs pétitais faktors vai to grupas. Japaredz iespéja
noteikt dazadu faktoru limepus (koncentracijas) kas fiziologiski lidzvertigi
iespaido pétamo objektu un noteikt destrugjoso faktoru bistamibas pakapi.
Ceturtkart, ir jaintegre kaitigo faktoru kopeja ietekme, paradot, cik reizes ta
parsniedz fona limeni dotajos apstaklos. Piektkart, ipada nozime ir adekvatai
fona hmena noteikSanai. Ir jaatceras. ka misdienas un it ipadi pilsétas vide ir
izmainita jau ilgaku laiku. Tated ir jarékinas, k& ar adaptivo, tA ar kumulativo
efektu. Tas nosaka. ka fonu ir jasaprot ka dinamisku un kompleksu jédzienu,
kas mainds laikd un telpad. Lidz ar to kompleksa fona limeni jaaprekina
atbilstosi konkréta pétijuma apstakliem. Sestkart, ekologiskajai izzinai nav
lokals raksturs. Tade] ir janodro&ina vides kvalitates indeksa (fona)
salidzinamiba, lai dazadu populaciju un atdkirigu destruéjodo faktoru
kombinésanas gadijumos viennozimigi noteiktu vides degradacijas pakapi
vismaz regionald meéroga (vides kvalitates kartédana). Referata ie aspekti
iztirzati augSminetaja pieméra.
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NIKODEMUS Ojgerts, FILOIPOVICS " Latvijas Universitate, ZRA “RaZiba"
Janis ’
SMAGO METALU UN RADION'U_'KL_iDU DAUDZUMS
AUGSTO PURVU EKOSISTEMAS LATVIJA

referata paraditas 25 kimisko elementu koncentrécijas izmainas Sphagnum'
magellanicum Brid. sinés 50 augsto purvu ekosistemas, ka ari radionuklidu Sr®
un Cs* daudzuma izmainas 33 augstajos purvos salidzinata ar citds valstis

®(Somija. Zviedrija, PSRS) iegiutajiem rezultatiem. Kartz3anas rezultati paradija
elementu teritorialas izplatibas sfagnu siinas cie$o saistibu ar rapniecibasun
militaro objektu izvietojumu, k& ari piesarnojoso vielu regiondlo parnesi.
Republikas teritorja izdalas divi regioni (Viduslatvija wn Dienvidkurzeme) ar
augstu piesarpo$anas pakéapi. Radionuklidu teritorialais sadalijums deva iespeju
noskaidrot Cernobilas AES avarijas rezultatad atmosferaé izmesto radioaktivo
izotopu izsé3anos Latvija.

BIOGRAFLIAS:
Nikodemus O. dzimis 1954. g. Kuldiga. Beidzis LU Geografijas fakultati 1981
gada. Geografs. Vec. pasniedzejs LU
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lauksaimniecibas mikrobiologijas specialitate. ZRA “RaZiba”™ laboratorijas
vaditajs. "
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Hilipovigs J. 226000, Latvija, Riga, Struktoru iela 14, tel. 553231

VLZK 199! - ekolodija un mezzinditnes




[EOXUMUA
TEXHOTEHES3A

TE3NCH! IOKMALOB

1

BCECOIO3HOIO
COBELLAHNS



NO “Jlarereonorus”, r. Pura
O.3.Hukopemyc, E.A.Menaxep,f./1.depnopenxo

lecxumirieckne acmekThl TEXHOIe€He3a B ropoaax
[Tpumopcxo#t HuamenHocTH JlarBuu

B [llpunstopckoit HU3MEHHOCTH pecny6/IHKM 1o GyHKUHOHAITL-
HOMY HA3HAYEHHIO W MacwTaby HaxXongrcg paa3jMyHble TIopoaa
JlaTBuu, 3peck pacnonoraeTcs OAMH H3 CAMbIX KPYMHBIX MPO—
MBillVIEHHbIX WM NOPTOBbBIX uUeHTpoB [lpubantuke ~ r,Pura,nop-
TOBLIA ropoA BeHtcnuic u ropoa-kypopt Opwmana, Hamn
npoBedeHa 3KOONo-reoXMMHYeCKas OLEHK& COCTOAHHA  TpH-
ponHo#t cpeasi B 9THX ropopax, B Pure u KOpmane wuccneno-
BaHUs BENIHCh C NOMOUILIO INIOWAJHOIO 3KOJIOro—-reoXUMHYeC ~
KOI'O KapTHpOBaHHS TOYBEHHOIO NokpoBa, B BeHTcnuice~-KoM-
TIIeCHEIMH NTpo¢uNaMH, PaGoTbl BHIMOMHAMHUCE MO0 METOOUYEC -
KiIM peKkoMeHpauusiM, paspaboranieiv UMTP 3,

Hawu dccnejlopaH¥s Mokas3anH, YTO HA HAKOI/IEHHE H MHI-
pauiio TsKeNblX MEeTaNNoB B I'OPOACKHX 3KOCHCTEMAX MNOMIMO
TEXHOTeHHON HAarpy3xd GOombulyid pollb UrpaloT  JlaHowAadTHble
0COBEHHOCTH TEeppHTOPIH,

Kak uzapectno, ocHoBy [lpuMopckoit HuU3MeHHocTH B Jlar-
BHH COCTAaBIa1oT pasHiHel JluTropuHoeoro mopa U Banruiickoro
JleuiHKkoBOro o3epa, KOTOpblE (epeceKaloTes AONMHaMI 60/b—
wux pex. Ha 6onewo#i rteppuropun Puru u B llenTpamsnoit
yacT Benrcnunca nanpuwadr M noYpeHHbI MOKPOB CHILHO Ne-
dopmupopanel, B IOpmane u B nepudepHanbubix YACTHX Bbllle
OTMEYEHHBIX I'OPOLOB COXPAHHWICH €CTEeCTDBeHHbll NMa”awadr u
NouBhl, KOTOPBIE XapPAKTEpHU3YHTCH AKHHBIM penbedon u 60—
NOTHLIMH MACCHBAMH,

3 mionnoM penvede Ha BepuiMHAX HIOH pa3BiThi  THMHYHbIE
CpenHe—CHABHO TNMOA30MHCThLIE NOY4BbLI, & B MEKOIOHHBIX  TOHH-—
KEHHIX — TOpPANHCTO-NeperHofHbIE CHIILHO TIOO30/MNCThIE
NecyaHbie NMOYBb!, YACTO C NMpPH3HAKaMH¥ oOrjleeHnd. BB peaynb-
TaTe ofpa3yeTcs O4YeHb ClLioxHasi reoXHMHHecKass  CTPYyKTypa
nannumadmra,

2006



MNpu ouenxe TeXHOreRHOK HArpy3KH Ha naHouia¢r IOpOAOB
IMTpHMOpPCKOR HH3MEHHOCTH HeOoBXOAHMO YYHTLIBATL HEKOTO—
pbie reCXHMHYECKHe acnekThl MHUI'PAaUHH 3/1eMEHTOB.

Tak, nanpumep, 60nbLUIOe 3HAYEHHE MPH AKKYMYSLUHH T X
HOI'@HHBIX XHMHYECKHX 3J/IEMEHTOB B COCHOBBLIX /lecax Hrpaet
noacTika (ropHaoHT-Ao0), KOTOpas B MIOHHLIX MaccHBax
HMeeT MOWHOCTE oT 4 ao 25 oM,

[loncTunka sBngeTcs 4eTKO BblpaXeHHbIM JaHawagrHO-reo-
XHMHYECKHM 3/1eMEHTOM K CIIYyXHT CYLI€CTBEHHbIM IeOXHMH—
yeckhM 6apbepon IS MHOTHX XHMHYECKHX COeAHHEHHH H
3JIeMeHTOB,

B npombruiiennbix pafiosax r,Puru B noactunke conepia—
HHe Me[H, CBHHUAa, XpoMa H ApPYIHX 3/1eMeHTOB B cpenHeM
B 1,5-3,0 pasa Gonbuie,yem B FOPHU3OHTE A1 H A2 y H B
1,5 u Gonee pa3 Bplle,yem B TFOpH3oHTe Ao, B axonorn-
YeCKH 4HCTbiX palioHaxXx 3Ta pa3Hula OOCTHIaeT He 6onee
1,5 pa3sa,

[ToocTunka He TONLKC CAEKHB&AET BEpPTHKA/IBLHYIO MHIMpa-
LIHIO TEeXHOT'EeHHBIX 3/ENEHTOB, HO H 3HAYHTE/TLHO BAHAET H HA
IOpPH3OHTA/NLHOE NepeMelleHHe 3/1eMEeHTOB,

B xayecTee npumepa npupefeM OaHHble 06 M3MEHEHHH CO—
pneprkaHuili MenH, CBHHUA, XPOMAa W LMHKA B ML/KI' B MMOACTUHIIKE
B 28BHCHMOCTH OT MECTOMOJIOXEHUS ee Ha [HHHOH rpane
(Tabnuua ),

Kax BrHoHo w3 Tabuuusi,Ha BCeX NpOGHINX CONS[KAHHE Me-
O, CBHHUA, XpoMa H uHnka (B MO/ Kr) B MOUCTHAKE B 3aBH—
CHMOCTH OT MECTONOIIOXEeHHa H3MeHgeTed cyliecTbeRho.Bonb--
e BCErO 3/€EMEHTOB HAKANNHBAETCS B MEXAIOHHbIX TIOHHXEe-
Hisix (pnaaunax), Oanako Ha 4 W 7 npoduie sta  34KOHU-
MEPHOCTbL He TAK HeTKO BbipaxceHa,KeK Ha npojune 2, 570
MOXHO O6BACHHTE TeM OBCTOSTEeNuLCTBOM, 4To 4 W 7 TUpodi—
il HaXOMATCH HA PACCTOSHHM A0 2 KM OT AeiCTBYIOIUHX MPO-.-
MbILUI/IEHHBIX OOBEKTOB, TOr'AAa KaK BTOPOH npodune  pacnolio-
#eH nobnu30CcTH oT 6bIBWEro FPHXCKOro cynepgocdaTtnoio
3aBona, KoTopbii 6bl sakphiT B 1968 roay.

Kak nokaaviBaloT Hccnepopanus e ropopax — [TpuMOPCKO#
HH3MEHHOCTH B NOACTH/IKE HAKONIeHHEe TEeXHOI'€HHBIX  XINH-
YECKHUX 3JieMeHNTOB uAeT fGoliee MHTEHCHBHO 4YeM B MnoYEh A,

207



NaN: Mecro ot6opa npo6 noAcTHNkK

o e
po Bepu nna Cknon Brnanuna

dar— - ——

nei'.-JCu Pb Cr Zn Cu Pb Cr Zn Cu Pb Cr Zn

2 7 8 24 - 48 30 54 15 48 44 54 130
<4 249 20 17 22 38 30 25 130 38 20 54 130
7 38 20 54 130 30 20 31 13048 20 31 130

rue ropu3cHt Ao orcytcrteyet, [loaTomy npu CpaeHeHnHN
iUy HEHHLIX PEAYTNThTATOB 3KONOr0-I'€OXHMHYECKOT'0 KapTHPO-
BOLWG MOUB §TO HEOBXOOHMMO  YYHTHIBATbH, OCOGEHHO Ha
TeppuTopud [1pHMopckolt HHU3MEHHOCTH, TLE Ha MOroabix
JoprMax penbeda N04YBbl HAXOOITCHA TO/MBKO B CTaOMil  (GOPMII-
puranus, a TaKke B PajioHAX ,NOABEHEeHHbIX HHTEHCHBHOIY
PORpealONHOA NesTenbloCTH, TI'iUe MOHLCTHU/IKA YHUYTOX.eHa,

CraBHIIEAS CTeNMeHb 3arpa3HeHns noys B ropopax  Pira,
Benrennne  n 10pmana 1ec6X0ninio OTMETHTE, YTO B pe-
3yIkLTATE BLICOKOH Texnoreunoifi Harpysku b Pure n  BeHT-
crnice Adddpe peHUHAUHH COULepHaHHS TSKelblX MeTalios 1o
THU4M NaHuaToB BhIp&KEHb! cnato, toroa kak B lOpnane
HHTCHCHBHOCTBL HaKOMIIGHHA H flepepacnpedefieHilss XHMHIUECKIX
alieMeHTOBR BO MHOI'OM onpeaelldecTCcd OCOOEHHOCTANI |
CTPYKTY poit naM/nuagra,

[MonusnemMenTHbiEe B MOHO3NEMEHTHbBIE reoXHMIYECKHe
Kaprbl, cocrapliennsie no ronoaoam [Ipimopns, yGenuTeibHO
nokasary HalWdve CylWecTBeHHOH CBS3H TexXIIONGHHLIX opeo-
nOB ¢ POMLILIEHHBIMH 30HAMI H TIaBHLIMI  TpPaHCMOPTHLIMH
marneTpangMd, T1pd 2TOM  TeYHOrelHble IeOXHMIfYeCKiie aHo-
Majntil, obpasopaBiuyecs B pe3yNbLTATE aBTOTPAHCIOPTHOrO 3=
IP3ieHisg MEeIOT Goslee NOKAalLHEIl XapakTep  pacnpocTpa-
HCHHS MEM OT TNPOMLIINeINIOro,

B30 Bcex tpex ropouax [Mpumopba HabnonaloTcss HHTEHCIB—
HLle TeXHOI'eHHbIe FeOXHMHUeCKHe aHOoOMal/lnl BOKpyI CcBAallokK.,
CambIMH XapaKTepHbIMU HHI'paglHelTaMH 30echb ABNAITCH
CcBifHeln, CTPOHUHA , UTTepbui, Gepinnuit 4 Op. UHTEeHCcHBHOCTDL
W nnowagy 3THX alHoMalHii onpelel/igioTCsl He TONbKO  pa3ne-
JOM CBA&IOK, HO H jaHOadTHo-IeOXHMiBHeCK HMH ycnopus —
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MiI pajioHa If Npono/LKHTEe/bHOCTbLIO HAKON/IEHHH OTXONOB,

Cpoeo6paanble TEeXHOICHHLIE T'€OXUNIMECKIe aHOMalIuH 6o
pa,CTPOHILtd,MAPraHia 1 APyriX XUMHYECKHX 3JIeMEeHTOB Bbi—
SIBJICHLI HA CelIbCKOXO3diICTREeHHbIX 3emMigX H oropoaax, KOTo—
pble 06pa30BaNiCk B pe3y/IbTaTe UHTEHCHBHOTO M pHMEHeHIs
MHHepailbHblX yao6peniit, OueHb HHTEHCHBHAA AHOMAIG UHHKA,
Memi, KobanbTa, MApPraHua il apyr#x 3/CMEHTOB MPOCexXHBa—
erca B BeHrcniiice B paiiHe nopra, rae npoHCXOoauT nepe-
rpy3Ka XHMIUeCKOli mpony KIi,

PesynbtaTtel Hawux hccnepopannii B ropoaax llpinopekoit
HII3MEHHOCTH MOKa3sailil,YTO 3IKOreoxiiMHYecKHe HCcllenobauis
04al0T BO3MOXHOCTE OUCHHTH TeXHOIeHIylO0 HArpy3Ky Ha laHd-
wadr, [lpit aTont npil oveHb PasHoobpalHoi nanawadrrHoijt
CTPYKTYpe palioHOB wig ofpefe/enus KosdepHUHEeHTa KOHLUEHT-—
pauifil o643aTembHO HeoBX0AHMO HCNOAL30BATL peruoHalbHblif
doH B 3aBHCIHNOCTH OT THAOB 1OYB I JIAHAUAPTHO-TEOXIN H—
yeckHX ocob6eHHocTeill, JTO OaeT BblpakeHHble TeXHOI'e@HHLIE
reoxHniYecCKHe aHomallifll, KOTOopble He (PHKCHPYIOTCH Mplf HC—
NONL3OBAHUMI CpeaMiX 3HadeHuil colemKkanHg XHMHYECKHX 3J/Ie-
MENTOB B 0O4YBEHNOM [OKpOBe,

O.Hukoaenyc, {.dununosuy

Crponuitfi=90 n ueauii-=137 BO MXy BbICOTHBLIX
6onor JlaTeBuu

[na yscHeHus Ko/liyeCTBA padOAKTHBHBIX OCAAKOB CTpPOH-
una~-90 u uesaua~137 Ha Tepputopun JlaTeBiiickoii PecnyGni-
ki 3a nocneatue 10 rnet 8 1989 rogy 6buiy oTo6paHbl NMpo-
6bl MXa Sphagnum magellanicum Brid, 3 33
BBLICOTHBIX GONOT, '

PeaynbraTel panMoxXiMH4eCKOro aHani3a npo6 mMxa BbICOT—
HbiX 60/0T CBHOETENbCTBYIOT O TOM, YTO OTOOpaHHbIA ClOi
nMXa ancopbipoBan panloHyKiasl cTpoHug-90 Hueaug-137.
AncopbitpopaHHoe KOMH4ecTBO CTpouuna-S0 u ueaua-137 wo
MXY pa3iiiuHbiX 60/0T HE OOHMHAKOBO. JTH pas3/nuuiid BbITeKa-
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I0T M3 OBOSAIKOW MpHpOObI paAHOAKTHBHBIX OCAAKOB.Bo MXy Hako-
MHICE IVIo6aNkHble ATMOChepHbIe PAdHOAKTHBHLIE OCANKHKOTO-
pble BO3HUK/IH B pe3y/TbTaTe sAePHbIX HCHLITAHHI W BblNanani no

1986 ropa, tak u pagdoakTHBlble ocanki, ofpa3opasluyecd
nocne apapuu Ha HepuoGwuibckoi ASC.

IMocne apapuu Ha YepHoGeuibckoit AJC uacTe ocanKoR
HecyuHX paavoaKTHBHbIE BellecTBa, nocTHra TeppHTOpHH
Jlareuu. M3 HuX Bbinanamoliie paaHoOaKTHBHble OCAAKH 3arpsaa-
HUMH  TeppPUTOPHK) HEKOTOpPHIX paitoHoB pecny6muki.  Orad-
YUTb 3TH pajMOaKTHBHbIe BhiNafleHus OT II06albHLIX BOJ3MOM-
HO MO COOTHOUleHWIO cTpoHuHa-90 u uneana-137. B 1o~

fa/lbHbIX paAHOaKTHBHLIX ocadkax CTpoHuHiA-90 u neanit-137
HAXOOATCH B onpefe/leHHbIX COOTHOWEHHAX, 8 paAHOAKTHBHbIE
ocaflkh, Bhinapamowue nocne apapii na YepuoBwinbckoit A DG
B HAava/lbHOM fepHoae He coaepXali H30TonoB CTpoHuua-9S0 .,
PannoakrueHbie ocajku, Bbinapalpollie noclie apapilh Ha Yep-
HOBLuIbCKON AJC, copepxanu okono 60% uesua-137 u ue-
ana-134 13 ofuiero HyK/AUOHOT'O COCTapa,

F'no6GancHple paAloakTHBHbIE BbiManeHiis B BHAe CTPOHLHS—
90 u neaia-137 noKpbIBAIOT paBHOMEpPHO MOUTIH BCIC Teppi-—
TopHio pecny6nuxi, HcknloueHuenm aBngioTCa BO3BBIEHHOCTH,
roe o6elYHO BhIagaeT Gonblle MEeTeopo/orHYeCcKiX 0Ccaidkos,
KOTOpble NMPHHOCAT Ha 3emillo Gonblle paaioakTHBHbIX BEe-
wects, CooTHoweHue CTpoHUHA-90 n nesna-~137 raobanb-
HbiX BLINAAEHHH B TOopdsiblX IVleeBblx nodvax Jlateun 1:5,5
uo 6,5, Ecnu aTo cooTHoulenye crponuig-90 u ueaua-137
nepenecTH Ha MOX, TOraa §BHO BHOHO, uTO 6olLwas 4acTb
TCPPUTOPHH peciyGniKH 3arpa3neHa rnobGanbHeIMH - pagiOaK-—
THBHbLIMH OCAAKAMH CO CpeAHHM COAepkKaHIeM BO MXY CTRPOH—
ung-90 800 oKu/kr u ueang-137 4400 no 4800 nKu/kr.
MNopblitennoe copepxanue crpomuinsg—-90 BO MXY BBICOTHDIX
Goilor BunseMckoil BO3BLILIEHHOCTH H OKPECTHOCTH Konka
OO LACHSIGTCA  3HAYHTENLHO GONLILHMIT @XEeTOAHbIMY  KOIlM-—
HOCTBAMYH MEeTeOPO/NIOHYeCKHX OCaluKOoB 10 CpaBHeHHID C OoC-—
TaNLHLIMH paifoHamMit pecty6niki,

AHal3 MeTeOopONorH4ecKiXx OCajakoB Han TeppiTOpHE i
NlaTpit B nepuon ¢ 25 anpena no 25 maa 1986 roma no-
KaspipaeT, YTO B TeYeHlie Mecaua Oocaflkil Bbinadalii B OT—
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nenbHbBIX pailoHax pecnybmitk 21 neMb H pacnpenefiick no
TeppHTOPHN pecnyBniKil oyeHb HepaBHOMEpHO., bonbue  aox-
peit (> 10 MM B OeHb) B nepBble AHH nocnie aBapuM Ha Hep-
HOBLIMbCKON ASC Bbimano na sanane Kypaeme (Kypnasxanu)u
pocTouHOoil YacTit JlaTeuu, B paiioHax, rae Beinano Gonbuwe
noxaefl, conepxanue uUe3na-137 po Mxy BLICOTHLIX BONIOT yBe-
nyaunoce oo 6000 nKu/Kr, a B ornenbHbIXx BolloTaX naxke Ao
13604 nKu/kr. YeeniueHHasi CTefleHb 3arpa3HeHHsd MXOB
BbICOTHBLIX 60/0T ne3iten-137 coenanaeT C pailoHAMH (0BbI-
WEeHHOTO 3arpsa3HeHdid OOHONEeTHHX pacTeHufi ueamem-137 B
1986 rouqgy.

[lanHbie paoHOXHMIYECKOrO aHAa/lH3a8 MXOB BbICOTHhIX 60—
JIOT Ha codepxalile paaloH30TONOB MOKA3bIBAKT, YTO 3KO-
CHCTEeMBbl BbICOTHBLIX GOMNOT MOI'YT GbITh HCMNONB3OBaHLI ang
TEeppHTOPHA/MLHOIO KapTHpoBallg pacnpeneneHus paaHoH30TO—
nos,

B ceaan ¢ aBapneil na YepHo6Gouibckoit AZC MHOPOKpaTHO
yBENHYHIIOCE conepxanue nesns-137 Bo mMxax Sphagnum
magellanicum Brid. » Kypsere (Kypnauoia), B CeBepHO
yactTu Bunszeme — B AnyxcHeHckoM U Bankckom paioHax,
YBendenite conepkanisa uesua—137 Bo Mxax onpenenune
H3MEHeHHe HalpaBleHHH TOCMOACTBYOUHX BETpPOB M pachnpe=
neneHue MeTeOopO/IOTHYECKHX oCafKOB MOC/le aBapHd Ha

YepHobbinsckolt ASC B anpene 1 mae 1986 1,

MO BHHUHWKAM, r.MuHnck

I.B.Hoeukos, H.A.Kanemuwuuxos,M.E, deii-
relfmihad

MpiMeHeHe MaTeplanob AMCTAHUHOHHON CBEMKH
1P IeO03KONOrHYEeCKOM MONe/DIPOBAHHH

yCKOpOllele TEeMNLl HHOY CTPHANTBHOTO CTpOHTEe/NbLCThA
X0 -

ypbanuaauiiy TeppuTOpHil, HHTeHCHPHKALHN CeNbCKOTO
agiicTsa, POCT TEMIMOB OOGBIYI NOME3NbIX HCKONAEMBIX M ue—
Nbifi pan OpyPHX BHOOB XO3siiCTBEHHON NEATENLHOCTH  Heno-
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APHHERIMCCTE HeTvaa.
MecTa CcO6OP3 O6PA3NOB EBHHPAAM B 5-M NECHHX ZWoTHNAX.
EOMOOHeHTCH KOTOPRENX ABAARTCA Pinus svivestris HaumMeHr e
KUHOBHTPAOAH HXYUABWHACK TAXRANK METAANOB LHAM ENLAENSHH B 3KOTHIIAXK
Jl3dinosq -oddslunosa W Vacel!niosi-spPhivnoss. U3 3TH
SHLTHDA DTHOCHTEABHO CBOGOAHN OT BETETAUNA HUXHUX APYCOB I HMeoT
Qi 3K e pacnpenefieHUe ¥pod AePeBieB. TAKHM uAPAIOM OEFASUN MXCOB
Bkt I0npaTh B APDCEETAK MAXAY KPOMAMH, PRe OCdAKH CBASUIHO. HR
HE AFYDAMH PACTEHHANH, NOHAAAKRT HI MAM.  /ICHOW O30, KGTCRLH
S EHTh MHHEPANBHEE BellecTHA, 287E MMHUMRA2E  Uud PYMYCa

i HACTHL AoY4Y2H HA MM OOBEHUHMY KXHEOTHHMM

¢ g1 120 RIS KOARER PRAMNMK TAREAN S e 7441108 £hulif HaMdeHN B
) . e PACTEHIUA d.orrlienar s MQXAS

vt STCHIMH P02 Wi B O HelOIPQRCTyOHHS L 80007

; ZKOTHAR TAKXKE HANLOJACe ['YLTAA ECTTIMNA HHKHITY APYILE,
LB Tadke MOPYT W.NACTh MHHEPaNbHER B ERUTEL, 0 D NMHUTEA ki
LTAFXE MOPUT NGHACTS 2 MXH NPHA BHMUE AR AL TFOASAHMCTIL
=ar T =HAN M ©o Nechiult SNafa, UK CYMYSa TOHRWA TCaToMY MOKET
TEOATRCANTE JArPACHEHHe YACTHUAMK I0YERH., UPeddde YPOBHH COR2PXIHKA
MET3ANGE H PACTHTENARHOMNC MNOKPONEA OHJAl BHASNACHH B »HEOTHrAN
FACY fniosd i Hylocomiosa.

JpupLdeHHAHN J1HAJINUI NoKA3UBALT, "TN SHCHAAHKATHBHCE
AQFTHPCBIHE THXEAUK M2TANIOB AFH NMoMolld MICP il.’lH 4LyMHY PACTEHINH
JONEAY ASHTL CUPAIHYEHD OQULHAM, CTPOUro onredgfieHHHM 2ROTHICN.
APRANGYTHTCABHO KOMAd JKOCHCTEMA HMPET MANF#. COMKHYTOCTE KPOH H MOWMHESG
SaOn TYM/7A, N

Jrpofneda OORNOGPAZHA MECT BIATHA JGPAZUCE HAUCQJIEe QUTPA (IFH
FeanyALuiy HOALIDHY MEXT 0T/ 1A FCTBEHHEEX [TPLEKT R,

HecHOTPA HA T WTG B AIHHOH PAHOTP SOFSALNANY 345 PA el
CLUIMP HETGRAIME TPONCYOAAWRE HE T ) R A B A I St A R B 1 e
: QRIS R, Mt CIAZ DLTA ACCTATOdHY CUTGWTEORARN G Bl

THOENIGD NAD E Al RUMUHENHWA B /i3 TNl Trn Al ST ak achen el
SATE ASH2HE: O RUTHG YeeahdeHD  An TaCaft STARCHE, Ul e ot

FACPA N dife He HMoLT Oy 0 TEeddor s 342t e dbh oot naihihe s
MALR I ABHEY il MEXAYHADPOUHER) WO B Iaft ool fde 3.0 0
chiddfHie JTHY L CHCPHUK il g Dal BAdSHNA



OLGERTS NIKODEMU:I LU Vides 2128ardZlpes un arélhivsinas Katecra
INGUSS LiEPIKES L Vades dizsardZibas LUl al:aUnlioiends Katears
FARLIS EKALVILELIS Lo Rotanahas un ERO:0gra: raredr.

FURZEMES DIENVIDU DALAS PRIEZU HEZY!
RIS GEQETHISES RARSTURCUUIHE

THE GEOCHEMICAL CHARASTERICTIC OF PINUS FORESTS
"IN THE SOUTHERR REGION OF EURZEHE

One of the tasks of the complex environmental assesment 1n the
sothern area of kurzeme was 10 determine the geochemical features of
ol A tolel of 27 elements where megured 1l each 5011 laver by using
1ne emission-srectral metho..,

Foirest ecotupes, such a8 Vac-inlosa, Myrtiollosa,
Sulocomilosa and Hoertillesa-sphaenosa noans part of Latvaa are
Sruated o tuelc oAl humus-peal podzol, pedzollzed gled, slev and
mpees wtey sodl types. formed on sand. clav sands, sandu-clavs. These
different S0l wYPeS deter'mlile the geochemical cendlitions for solls.
The mesn dameunt: of Moo T1, Ba, anad Tu 1n soils of Finus forests
are jei; than elobal gverages, but amouits of Cr, Fb and V are
greater,

Tne nomec 1a0es Lds a cienificant role 1n thé acunuldtion 3{
mMany €femelts 1y FUOus 105 eSS (Mean vdlues., Pk - c%.& Cu - 6.6
LoV T MR - bbes I - 1500 me/ben The Doefficient
Sl i Frolnomas then 364, Lut Llehidr tor Cthnied (']PFL{'T.‘

Vo- sy B O L - 88W, O - P Thie vallatalls Jh

ST At s o Ui g PMENTS 1 nunk LUsl o edponal B ot .

ALCEES . Lad caftltuens vt thie do UL tus lapirt ey
wWalo dr o alhes Cbni e deEositioy

T AT BRI SUIGE TATIID L CHEREY L s L el e L

v BEEEN A Wl N b ENGTDIE Tht CElwELA DAL B or B Sh.

! ST el bt VRSN AN deebel Loasld il LaE wrRe

aTrdr e BE G VL o1 @ COAUL LT i s1eved herlica
oy DormAtien of Rt tndia n]l Larrieyy Tne grecte. -
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Vo T iy due o the teXtul'e anc stroctare Lf thess
R IET Ve Louschsmles 1 Yerious @ ments 1 sell lagers
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In conciugtoin the mapping of tne soil gecchemical structure in
Litvia must be based on the differsdtiation of 0il tyves.

ey

INHUECKAA SAPAKTEPHCTHE A fI0UB CUCHORHY MECCE
5 DXHOR TACTH KVFIENE

I
by

£ KOMILIEVCHGH OURHKH SKOANTHHRLKCTD COUTOYSHY SCUHUBM Y
v aZEReME 0030DHAOCTE (I2YYeHMS SHIMHYECIOHY C2CHeT B NGB,
NFHEIM CACCOOA0M 3 NOUBAY [lu FOPHIOHTAM olRe/d felole
CIMUTISIIGEE JNEMEHTCR, 8 ToM Gpche TLL V.M HLTU Pk

TINIAX ASIUTACTHTENBHHY YCASYNIL SRYCHMYHAE, HePHINHUK,
FEREM M OUMHHE M dRRRHYHAK - CRATHLBHY QOMITHHPY T T dO TCA30GdC THe,
L -TEFer oA MOAZLIMCTEHE, TOASOAUCTL- MieeLHe W 11822 TH=
CEFHOBY - PACEBHE H PREBATEHE MOUBL Hd H=zUKE, (7iE00e o
TYINIHHEE. PalHOEPASHEIN (IOUBSHHELS CMIPKTP DAk ONPEARNYMT Feoiitii&IKHe
SCICBHA FOEMHPOBAHNY XMMAUETHKCDS IOCTARA NOHE. B cridvdeM CoiaoPAIHIE
Hn, T Ba it Tu B OOUEBAY COCHOEHE AECOB MeHBUC KAAPKOROPG CaAceLldni
OOEHEHTSE, A <. Ph o V ficheme.
Boarmees 3HAYEHUE NP AMEYMYNADINM KUMHAYEIKIlA 2A2MENTIE E
INOCHOBHEX f1eCAZ WLFALT MCACTHAKA § FOPUIOHT - Ay ), KOTOEES D
HUSARAGBIHHEIX JIPCOHACAXABHNAL HMECT MOWHOITE OT 1 AG 19 oM, [UACTHAE A
ABNAETCA YETKO BLIPAXSHHEIM JAHAWETHO- PEOKAMHHCCKIN SaPlefut Al L.
Cl, MN, Zn ¥ APYTHAK 2A€MelTOR. B CPREAH2M HOMUTIUIKA Lotit LE TN
VLHIHW TI2CTH KUpsaMe CodePXWT (B NP WE N 22 fL LRI PR LM T
15.7-% B52.0-Ma K OISCC-Ba. NG QCACTHAKK XAvdb TePHE Do JRiY diel -
AMAMHTYAH coneSaiind SodUe i Ie UM SHMIYeCKREL Sz he R
ROEPRLHEHT BARPHANNI IV PO E FoPpsod1e A- He NebeClii
T.T MOEAGITENR SNA MN COCTIBASST 1577 V 2ih F3-al . -
Aot Hate QEXAHNT KUMHUECHKIN JH8MOH T8 © A, ikin s
SEMOTURIC CaM TCMBEL IMOLR ST A 0 L
P dX YCAURMEL & [KWe YELL S F
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OCOGeHHO BHCOKMW YPOBEHE 3AI'PA3HEHWA BHABIAER B OKPeCTHOCTHX ropoaa
MOoXeAKEH. . ..
HCCNEROBAHYA AGCHHYX NCYB INOKA3AAH, YTO NPH NOYBEAHO-
PEOXHMHULCKOM KAPTHPOBAHHK PA(TIONOXEANS NPOGHHK MICMAAER 10 TEPPHTOFHH
/RTBHH HROGECANHO PIKOBOACTBORATHEA THNAMA NO4B. '
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OLSERTS NIKODEMUS - . ‘Latvijas Unlversitate
PETERIS SARKOVEKIS .- ] ~ Blulogliag 1nstituts

KIHISEO ELEHENTY FORCENTRACIJA
SPHAGNUN HAGELLARICUN ERID. S0¥A LATVIJA

CHEMIZTRY OF THE MOSS |
HAGHUN HAGELLANICUY ERID. TN LATVIA

curing 1¥s%? . over 80 ralsed bogs in Latvia were sameled. FLfty
tcee were chiosen fur sampiing of Sphagnum magellaniucum Brid. based
Jf thelr specles composltiol, anthropogenlse tnfluence and 19cation 10
refation to polluticn sources. Sampeles were analuzed for Cu, Mo, Ma,
21, Zn, Ph., Cd, Fe. 3r. NL 'usine AAS and for S». Cr. Jo, Zn.Fe, A3,
51, Rb, Mo, Sb, <8, Ba, La, Eu, and Hg using NAA.

The highest level in-pollution 1n Latvia was determined Lo be 1n
the South West, 4ue to sources in Liepala and Maleikia 4s well 13 the
x1ga area.

Locailv high Concentrations of 1nd1v1dual elements LAS, Cr, S¢.
Co. N1 etc) - were found at Brocénf, valmiara. Jékabpils. Livani and
ather citles. Higher concentration oh the West Kurca upiand, Vidzemes
~entral upland and the bay of R1€4 COASt ArE assuc 131ed with regicnal
wind currents from Horthern and Western Envore. There 18 a tendency
for moss collected from wind facing s1des at uplands to hava nicher
concentrations -the opposfttes sides. The lowest oncentritiong were
$sund In North Vidzeme and the eastern yart of Furzema,-Wwhers the
I2vels were similar to northern kEurope. . i

Comparison of results with data from Sweden ind Finland
Ind1cates rhat the pollution 1 Lityia 12 206 18 nilya i3 1o
Lidustridl areas of Southern Zeanaindvia. The wzvwi of rollatlen in
catyla s ZImar to that ot Contral Zweden and Fiotan o A0 che sames
tomes 1Mfferens2s 1 the Sanentoatiune Sf sIectban sledsn oo Tlu e

Cisrry in Latviad indicaved.
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COAEPYAHAE XHHnYECKHX SAEMEHTOB BO KAE
SPHAGHUK HAGELLANICUN BRID. HA TEPPUTOPHH NATEAE

E 1969 rony (HAM NPOBEHEHH 3KOJMOCMYECKHE | XCeACBAaHUA cofee EO
BEFXOBHE (0JOT /la"rmm B SaBHCWMOCTH OT HX EHWAGEOrc COCTAaBA.
SHTACIOPEHHON HArPY3KIl 1 HeCTOHaKOXASHHA M3 50 6ON0T GHIH BIATH NPOSL
Mxa (SFhagnum magellanicum Erid). Ans onpenenemm COREPXANHUA CU, Hn,
Mg, Ca. Zn, PB. Cd, Fe .Crv M N1 HcnoasoBarncs ATOMHC .- a6COPONHOHHHN
méeTeon, Se, Cw, 2Zn. Fe, A, Er, Rb. Ma. Sb, C5, Ea, La. Eu ¥ Hs
HEIFTPOYHO - aKTHBAUHOHKEHH. ' ‘

CaMEIH BRCOKHP YPOBEHY JaI'fSHEHKUSA 2KOCHCTEM BEPXOBNX HONOT
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Radionuklidi Latvijas teritorija

Janis Filipovi¢s visbistamakiem radioaktiviem izotopiem atziti 14C, 90s;,
I AN ST 895r, 137 Cs un atseviskos gadijumos — 100Br un 1311,

OB, R S Tha® Agrak niecigo radioaktivo starojumu, kads bija
Radiologijas un smago metdlu konstatéjams augsné, parasli radija dabiskic radioaktivie
kontroles laboratorija clementi, kas saglabajusies kops Zemes veidosanas laika.
Laboratorijas vaditajs Augsnes dabisk? radioaktivitale rodas no urana un radija, ka
J. Fifipovics ari no kalija radioaktiva izotopa 40K piejaukumicm. Visam

3im vielam ir liels pussabruksanas periods, 1apéc augsnes
O|gert5 Nikodemus dabiska radioaktivitate samazinas nenozimigi. Augsnés, kas
Lw;fi' i Edatagta radusas, sabrakot granitam, radioaktivitalce ir paaugstinata,
alvijas Universitale £ - ey _ o I’ ) A s
Vit ot e AT e Jo 12 satur vairak urana un radija; ari mala augsnem 1a ir
jmumaiengs laabem augstaka, jo sais augsnés ir vairak 40K (3).

Katedras vaditajs profesors Cilada ir augsnes maksligd radioaktivitate, ko rada
G. Eberhards makshgicradioaktivicizolopi, kuru daudzums pedéjos gados
stipri paliclinajies. Ta, piemeram, piccu gadu laika (no
1953. lidz 1958. gadam) augsnes radioaklivilate picauguss
vairak ncka 8 reizes tikai uz "Sr izotopa rckina. Olrs svarigs
radioaktivo nosédumu elements ir leni sabrukosais "7Cs.
Augsnes radioaktivilates picaugumu var |oli ielekmet vielejie
apstak|i, pieméram, reljeis, valdosic véji, nokrisnu daudzums
utt. "Sr parasti augsné akumulejas vieghi apmainama forma
(>84%), bet péc Cernobijas AES avarijas tas uzkrajas
apmainas, organogéna un absorbéta forma (>804%). Savukart
(s pec Cernobilas AES avarijas augsne uzkrdjis slipri
saishita veida (4).

1. 1abula
Radionuklidu emisija no Cernobilas AES
1986. gada 26. aprili
1. Radionukleidi augsne un augos (pec: The accident of the Chernobyvt nuciear power plant anolits
consequences’ USSE State Committee on the Utilization of
ntensiva virszemes kodolbumbu izmepinasanas laika Atomic Energy)
; 9,54,',_1965' vgada) 'a_pn?cramr JU—A()’”. |_/m9g|-n.a|vumy Radionukhds Pussabruksanas Kopeja
spradzienu radioakuvitates nonaca stratoslcra. Ka zinams, o
radioaktivais -"'Sr un -'7Cs pec atombumbas spradziena periods T, emisija Ehq
kondensejas lenak neka parejic izotop, tapec éie izolopi ka " 50.5 dienas 0,094
gazes tick izsviesti aupstak siralosfera. Radioakniviem S 29 padi 00081
putekliem, kas atrodas stratosferd, rakstungs augsts ™S un :‘ e 04,0 dicnas 0,106
137Cs saturs. Seviski daudz radioaktivo vielu stratosfera | | ™™o 2,75 dienay 0,16
nonaca 1957 —1958. pada, kad tika izmcginatas liclkalibra | | ""'Ru 39.4 dienas 0,14
alombumbas. Zemes previlksanas speka ictekme gada laika || "Ru 372 dienas 0,054
no atmositras izkntap 10 % radioaktivo puteklu daudzuma. M 8,04 dienas 0,67
Tomer licla dala radioaktivo putekju pec spradzieniem "o 3,26 dienas 0,45
stratoslera klejo 10—15 gadus (1, 2). "G 2,00 gadi 0,019
Radioaktivic pulek)i, kas kondenséjusies troposfera vai "Cs 30,2 pach ' 0,037
nonakusi taja no siratosferas, klejo tur dazas dienas vai ""Ba 2,7 dienas 0,28
nedéjas. Troposferas galvenais tirtajs irlictus, tapec lietainas "Ce 32,5 dienas 0,18
dienas radioaklivo nosedumu daudzums parasti i lielaks "Ce 285 dhenas 0,088
nckad saulainas. Troposieras augstakos slanos, kur nenotick UNp 2,36 dienas 0,497
| nokrisnu veidosanas, radioaktivo putekjuirvairak. Troposfer 2Py 67,7 gadhi LLON10
attira ne tikai fietus, bet an sniegs, Atmosteras attinsanas | P 24170 gadi 2oNT0
meleorologisko Taktoru ictekme nobieh nepartraukti visu l Y 6500 cad LONT0
gadu un tarpinags ilei pee hodolbumbu izmeginajumu L] bO 4 dienas ARUNTE
spradzienu pantrashsanas, Radioahtivos nosedumaos par ! f i
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canivei dhaudzumo oan vendo
TOMer AU IS Z0mes dala = Py
dacdzams parast nerarsned, 0,00057
iehska minerabaelu
Hitresanas SPera premat <aknem. Sis AULH
sakntpasibas del plutomja un dazu cing
smago rachioakivo izotopu fidzdatiba
Lanksaimnicaibas produktu picsarnosand
it onieciva. Tomer izotopus ar mazaku

tas hiecoma, ok

.
Atommasu saknes filtre sliktak. Tadiizotop
ka YOK V57 T4 e e, auen virszemes
tdlalas veido jau ap 175 no so elementu
kopejadaudzumaauga. Jaaug attistijusios
augsne, has piesarnota ar YO8 an 1370,

CERNOBILA

~o rzotopu daudzums vieszemes dalas o
HO—30 no to kopepa daudzuma auga.,
Nemotvens, hacilvekauztura un i sevisal
lopharibasmanto calvenokart kultaraueu
virszomes dalas, Rlust saprotams, \au( C
lauksaimmiceciba tiesi 08¢ gn ! 37 oS
davelzumam dick pieversa tik
uzmaimba i, 2

liela

Saknes tomer nav vienigais organs,
kas spep aizkavet radioaktivo izotopu
MILrAciju aug.r.

TURCIIA

Katra auga dziva suna

limenis (pR/h) Eiropas valstis (V. Gavars u.c ., 1990).

1. att. Valdoso veju virziens 1986. g. 24. aprili—2. maija. Radiacijas fona

sasta varrak vanr mazak mineralvielu,
tapec, Jo ralak pa augu virgzas caur
saknem uznemtas minceralvicias, jo

Vairums radioaktivo viclu nzkrajas galvenokart augsnes
virskarld, tomer zinamas atskinbas to lokalizacija starp
dazadiem radioakiiviem elementiem un dazidiem augsnes
tipiem ir nenoversamas. Tas rodas augsnes dazado lizikdlo
pastbu del. o augsne vairak mala dalinu un tradvielu, jo
ciesak ta saista radioaktivos nosédumus. Smilsainas,
trudviclam nabadzipgas augsnes konstateta radioaktivo
nosedumu ieskalosands pat 20—30 ¢m dzilumd, turpretim
smagds mala augsnes vai-

mazak to nonak augstak izvietotos ausu
OrgANos. Jo talak mineralvictu plusma virzas pa augu, jo
mazik 0S¢ 14 satr, tapec augu stiecbros un apakséjas
lapds 0Sr ir vairak, bet augséjas lapas un graudos —
mazik. Radiobiologiskd zind visdrosdkais uzturlidzeklis
ir kartupeli, jo, ki zinams, pirms nokjusanas kartupela
bumbuli mincralvielas migré lidz lapam. kur tas pak|autas
dazadiem biokimiskiem procesicm un tikai pec tam nondk
bumbuli.

rak ncka 80% radioakuvo
vielu tick saistitas augsnes
virskdrtd lidz 2 em dzi-
[umam (3}.

Augiem ir Joti licla
lizivlogiski aktiva saknuun
lapu virsma, kas lauj kon- =
centrét vielas, kuras ap-
kdrtéja videé ir mikro-
skopiskd daudzuma. Tada
veida augi palidz no-
drosindt nepieciesamo
mikroelementu devu dziv-
nieku un cilvéku uzlura.
Tapatkamikroelementi, ari
radioaktivds vielas ar augu
starpniecibu tie§ad vai ne-
tiesa cela nokjast cilvéka

Augstums (m)

Gubu
makonu

3000

1000

500 —

piesarnosana

: e T
,/(Sednmemacna Sedimentacijan:
T

Inlensivs

Lictus lietus Lietus/sniegs

I

STHIS ]
iesarnosana PR
'hﬂar noknsnlem“ ' | i [L

uztura.

Lauksaimniecibas pro- 25. aprilis  26. aprilis 27. aprilis 28. aprilis 29. aprilis
. Sy Aredls Zieme|- Rietum- Dienvid- Got- Dienvidzviedrija, Skandinavija
duktos radioaktivo izotopu rietumu baitkrie- lietuva lande Ziemelgotlande

daudzums ir [oti mainigs.

Ukraina vija
So svarstibu célonis ir tas,

Cernohila

/ T T
21.23 00 12 00

T T ;
12 00 12 00 12 00

ka kultoraugi uznem ra-
dioaktivosizotopus dazada
daudzuma atkara no

2. att: Cemobn}as pmnas eksplozijas. 1 radicaktiva makona virzisanas un ta vertlka[as un.
_honzontalas plasmas sadahSanas (C. Persson etal, 1986). 2
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23
aprilis

3. att. Shematiska Cer-
nobijas pirmas eksplozijas
radioaktivamakona plas-
‘mas attels un radioaktivo
materialuizkrisanas veidi
laika seciba /Persson et.
al., 1986/.

—%— 300m
—O— 750m
—A— 1500 m
3000 m

Svariga nozime ir daudzu augu spéjai koncenirét
mineralviclas atseviskas auga dajas. Labibas graudu apvatka
ir daudz mincralelementu un vairak neka 70% grauda
iekjuvusa 905r. Tas atvieglo miltu athinganu no 905r.

Augam attistoties, 90Sr daudzums dazadas auga dajas
mainas. Lapastas paliclinas lidz ar auga vecumu, un neatkany;
no auga sugas nogatavosanas laika tas ir 2—4 reizes lielaks
neka stichros. Mineralviclu uznemsana auga lurpinas visa ta
athishibas laika. Lidz ar auga vecumu paliclinas an 90
cdaudzums auga.

No augu atustibas arcjiem apstakliem, kas ictekme
radioaktivo viclu uznemsanu, svarigakic ir augsnes fizikalas
ipasibas un mitrums. Augsnes kolowdi un trudviclas intenswvi
saista 205y un 137Cs, samazinot so clementy uznemsanu
augu saknés. Smilsaina, tradviclam nabadzigd augsne augi
uznem daudz vairak so elementu nekd malaina augsne.

Slapjas augsnés augi uzpem 10 reizu, bet udens kultiras
pat 30 reizu vairak 90Sr neka parastas urumu augsnes (30

lanem vera, ka saknes nav viensgais organs, ar ko augi
uzpem radioaktivos izotopus. So funkciju verc an augu
lapas, tapcc augd uznemtais 5o viclu kopejais daudzums
sastav ki noaugsnes, 1a arno atmosferas radioaktivo izotopu
krijumiem. Viengadigic augi tomer savas attistibas laika no

e : _ a e
atmosicras caur lapam uznem niccigu Wse un 17¢. |

daudzumu. Turpretimazzalie augi, kas paklautiradioaktiviem
nosédumiem daudzus gadus, satur daudz vairak maiksligo
radivaktivo clementu. Piemeram, sunu radioaktivitate ir
vidéji 100—150 reizu aupgstaka neka viengadigo augu
radioaktivitate. Sunas var uzskatt par visada veida acralo
nosedumu kratuvi, kuri, noscdusios uz 10 virsmas, tur

saglabajas ilgstosi. Nemol analizei noteikiu sunas slani, kas
veidojies zinama gadu laika, varam spriest par sais gados uz
zemi nosedusos radioaktiva piesarnojuma daudzumu.

2. Cernobilas AES avarija

Cernobilas AES kompleksa 4. reaktora avarija notika
1986. gada, naktt no 25, uz 26. aprili, plkst. 1.23 pec vieleja
laika. Sai cksplozija aimosferd izpluda ap 0,80 EBq vai 21.4
x 106 Ci radivakivo vielu |3 ExaBequerel = pll By 1
(kiri) = 2,7 » 1010 Bq tbekerels) (5). Eksplodejuso reaktory
nakamas dienas pakapeniski saka parsegtar betonu, dolomitu,
smithm, mala, bora un svina kartu. Radioaktivo viclu
izpludumi atmosiéra tomer turpindjas. Parsegtais kodois
atkal sakarsa, un atkartoli specigi izvirdumi notika 4. un 5.
maija. Ap 6. maiju atlikusais kodols tomer tika veiksmig:
atdzeséts un radioakivo vielu izpludumi krasi samazinat:.
Aprékinats, ka divas nede)as no ekspiodéjusa reaktora gaisa
izpluda 2,48 EBg (67 x 100) radioakiva materiala (6).

Emisijas makona radioaktivo viclu sastavs, izmantore:
PSRS tesnieglo zinojumu Starptautiskar atomenergiias
komisijai Vine, atspoguiots 1. 1abula. Liclaka dala soizotopu
ir ar 1su pussabruksanas periodu, un e izzad jau gada Luka
Hgak saplabdjas—"Sr un 137Cs, kurus var uzskant par
bistamakiem emisija.

Donunejot dienvidaustrumu vejiem, pirmas cksplozijas
makonis virzijas pari Baltkrievijar Bahijas valsum un
Skandinavijai (1. a11). Nakamas dienas vera virziens mamijas
un tka piesarnota foli daudzu valsa terntornja.

LATVIAS ARSTS 199372 206

R SO S e




0,7
Paneveza
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28oun 29 apndd noverots neliels
anidzens Liepagas, Remu, Prekaies,

Jaku

meteorelogiska stacna un postenis),

Pavitostas, Ventsprls un
Savukart 10, aprilismidzents noverots
Rigas lica Vidzemes pickraste. Ka
liccina LZA Fizikas institata gazveida
radionukhidu merjumi atmosfera
Salaspili, sai periodd novérota
maksimald radioaktivitates
paliclindsanas (8). Lidzigi rezultati
ieguti an Vilnaun Stokholma, tikai tur
atskiras konstatétic maksimumi
konkretas dienas (9. un 10. aw) (5,
10). Tas nozime, ka sais teritorijds
radionuklidu daudzuma
paliclinasanos buliski ietekméja ka
plesarnolo gaisa masu virzisanas
atrums un trajektorija, ta an
meteorologiskie apstakli konkréta
leritorija.

Maija sakuma virs Skandinavijas
izverdogas augsta spiediena zona, ka

o

0,7
o) 08 O

4. att. P11 kultiveto ganibu zale Lietuva 1986. gada 12. maija | zona domine
radionuklidi "*'l un ' Ru, I} zona — bez "'l un *Ru ar1 '*'Ce, '“Ce, **Cs, "*'Cs,
"“Ba*, “La, *Zr*, **Nb u.c. Skait)i karte: | zale (kBq/kg) (T. Nedveckaite, 1989).

rezuitatd Ziemelrictumu Eiropd lidz
. maijam valdija ziemelu un
siemelrietumu veéji. Lidz ar to
novérojama  radioaktivitales sama-

3. Meteorologiskie apstakli pec Cernobilas
AES avarijas un vides piesarnojums ar
radioaktivajiem 1zotoptem.

I.ai raksturotu radioaktivo izotopu pdrnesi un izsésanos
Latvija pec Cernohijas AES avarijas, japicevérs uzmaniba
melteorologiskicm apsiakliem avirijas un pecavirijas dienas.
Meteorologisko apstdklu analizer izmantotas Lictuvas un
Zviedrijas zinatnicku publikacijas (5, 7), ki an Latvijas
Hidrometeorologijas parvaldes dati. Apskatotmeteorologisko
situdciju Lalvija no 1986. pada 25. apnia hidz 25. maijam,
jaatzime, ka sai laika bija rakstungs Joti mainigs dominéjoso
veju virziens {1. att.).

Avarijas diend, ti.. 26. aprili, Cernobilas apkartné bija
sifts un saulains laiks, ko noteica augsta spiediena apgabals
virs Ukrainas un Baltkrievijas. Avdrijas aredla no zemes lidz
400—500 m augstumam bija novérojama temperalaras
inversija, kas batiski ictekmeja véja dtruma sadafijumu pa
atmosiéras sliniem. Valdot DA vejiem, sasilusais atmosiéras
aaiss parvictojds Dienvidskandindvijas virziena ar atrumu
S5—14 mvs.

Ari Latvijas teritorija 5ai perioda raksturigi DA un A véji.
Péc zviedru zindtnieku secinajumiem, pirmas radioaktivas
gaisa masas 300—1500 m augstuma sasniedza Lalviju 26.
aprilavakara (2., 3. att.). Eksplozijas raditais makonis virzijas
zemu (100—=1500 m augstumad), pakapeniski izplesoties.
Dala radicaktivo vielu izséjas Baltkrievijas un Lietuvas
teritorija (3. att.). Lietuva visvairdk tika piesarnota tas
dienvidrietumu un rietumu daja (4. att.) (18). Makonis lénam
skérsoja Latvijas rietumdaju un Kurzemes piekrasté ievirzijas
jara. Minétd virziena gaisa parnese turpinajas lidz 29. aprilim,
kad Latviju sasniedza zema spiediena apgabais. izbeidzas
zaisa plasma no dienvidiem uz ziemejrietumiem. det sakas
gaisa parnese no ziemeliem uz ziemejrietumiem un
dienvidiem {5. — 7. att.}.

Sai perioda, saskaroties aukstai gaisa frontei ar silto gaisa
fronti, Skandinavijas pussala 28. aprili izveidojas lietus areais,
tapéc 29. apriii Ziemeiu valstis nolija intensivs lietus. kas
| radija apstdkjus vides piesarnosanai ar radioaktiviem
| izotopiem (3. att.). Latvija sai laika intensivu nokrisnu nebija,
bet atseviskas piejaras teritorijas (Kurzemeé 26. aprili, ka an

zinasanas  Salaspil, Vilna un
Stokholma (8. — 10, att).

Latvijd 1. maijanclicli nokrisni noveroti atseviskds teritorijas
Kurzemes pickrastc, ka art Riga, Limbazu, Aluksnes un Balvu
rajond (lidz 0,5 mm diend). 3. maijd lokali nokrisai novéroti
Kurzeme. Lidz ar 1o nav izslégta varbutiba, ka radidcijas
mikonis péc Skandindvijas skérsosanas atkartoti vargja
atgricztics Latvijd un ietckmét Latvijas teritoriju, it seviski
Alaksnes augstieni. 5. un 6. matjd virs Ukrainas atkal izveidojas
augsta spiediena apgabals, tapéc domin¢ja D un DR gaisa
plasmas. Tadéjadi Latvija tika parklita ar karsto dienvidu

5:att. Meteorologisko apstak|u karte 1986. gada 26. aprili.
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16 att. Meteorologisko apstakju karte 1986. gada 27. ap;l |

‘ 7. att, Meteorologisko apstakju karte1986. gada 29. april.

gaisu. Lalvijai pdri gdja otrais radiacijas vilnis, ko ar apstiprina
noverojumi Salaspili (8. un 9. att). No 4. lidz 9. maijam
nokrisnu Latvijd nebija. 9. maija Kurzemes un Vidzemes
pickrastes dala, bet 10. maija paréja Latvijas teritorija aukstas

teritorija. Visintensivikic nokrisni noveroti Latgalé (hidz 13,6
mm dicnnakt) un Kurzeme (idz 10,2 mm diennakti).

No 10, hdz 20. maijam gaisa masu trajektorija atkal
mainija virzicnu, domincja parnese no rictumiem uy
austrumiem (17, at10). Lidz 19 maijam Latvija atradas ciklona

gaisa frontes ictckme nolija lictus. 12. maija lija jau visa valsts |

ictekme, kurs pakapeniski parvictojas no Norvégu jaras uz
Baltijas, veldk uz Balto juru. Sai perioda nokrispi 13. maija
noveroti Lalgale, 14, maija — visa Baltijas juras pickraste,
15.un 16, maija visa Latvijas teritorija. 19. maija anticiklons
no PPolijas parviclojas uz Ukrainu, virs Latvijas atradas 13
cilnis, nokrisnu nebija. 20. maija Baltiju skérsoja vaji izicikta
gaisa fronte, tapec atseviskas vietas Vidzeme un Latgale
nolijalictus. 27.maijd Lalvija nonacataanticiklona periferija,
kas parvictojas no Danijas uz Poliju. Domingja saulains
laiks, rictumu parnese, tadiacijas plosmas vairs neskara

25 000 Ci/l
[
i s
5 It
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= =1
Z \
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1000 j':_‘ \;
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8. att. llgmaoza
400 - _| || aerosolutilpuma
radioaktivitates
parmainas Rigas
200 = rajona 1986. ga-
| l daapriliunmaija
T T T T T . (V. Gavars u.c.,
24 28 30 2 4 6 i 1o g 1.1 I tH (0 a2 KB 1990).
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] 9. att. Gamma starojuma
t, diennaktis jaudasizmainas Vilnas pilseta.
0 7 T T T T T T T T T T Ar svitrojumu apzimets fona
W 2@ W 7 3 4 ¢ §F & F o4 8 hmenis (12 pR/h) (V. Lujans u.
Aprilis Maijs c., 1989).

Latviju. 22, maija virs Islandes izveidojas mazkustigs
ciklons, kas pakapeniski piepildijas. Latviju skara auksta
paisa fronte, kuras dé] bija novérojami nelieli nokrisni.

Lidz ar to varam secindt, ka Latvija radioaktivo izotopu
izkrisanas leritonudlo sadalijumu noteica vairdki butiski faktori.
Pirmkadrt, domincjosd ZR gaisa parnese no 26. lidz 29.
aprilim un no 6. lidz 10. maijam, kad radionuklidi valsts
teritorijd vareja nosesties sausd veida, ka ari atseviskas victds
Kurzeme un Vidzeme ar nelieliem nokrisniem. Otrkart,
radionuklidus vareja izskalot no atmosferas 12, 14, 15, un
16. maija, kad visa Lalvijd nolija intensivs lietus. Treskart,
nedrkst izslegt iespeju, ka pec piesarnojuma izkrisanas

Skandlinavijas valstis, mainolies gaisa masu plasmu virzienam,
piesarnojuma makonis atkartoti skérsoja Latviju un
radionuklidi vargjaizskaloties no atmosféras, seviski Alaksnes
augstiené. Ka norada baltkrievu zindtnieki, radionuklidu
izsésanos no atmosiéras péc Cernobilas AES avdrijas ietekmeja
nokrisni, orogrifija, mezainums, ki ari termoforéze, kas
sekméja radionuklidu izsésanos virs purviem, meza masiviem
un upju iefejam i11).

4. Petijumu materials un metodika

Augsnes un augkopibas produkcijas radioaktiva

1,87

| Priy

1,0 9
0,8
0,6 7

0,4 ] ¢

0,2 7

[

0.0 T T T T
26 27 28 29 30 1 2 13 4 5

Aprilis Maijs

tracija atmosfera Stok- -
‘holma no 1986. gada 26.
aprila: idz 71, maijam
_(Bq/m’) (Persson C.etal.,
986). =
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11. att. Gaisa masu trajektorija no 1986. gada 10.
lidz 20. un no 20. lidz 26. maijam (A. Galvonaite, 1989)

’\./ \/' NN
./‘ \/' \f\./'\./\’ TS

g <23

@ 23,1 —39
[[]I[’ 391 —54
@ 54,1—70
se7l 70,1—80

12. att. *Sr daudzums (Bq/kg) Sphagnum magellanicum
Brid. sunas Latvijas augstos purvos 1989. gada.
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13. att. '¥Cs daudzums (Ba/kg) Sphagnum magellanicum
Brid. sanas Latvijas augstos purvos 1989. gada.

piesarnojuma kontroli Latvijas leritorija veic valsls zinatnes
un razosanas uznémuma “Raziba” radiologijas un smago
metdlu kontroles laboratorija, stacionaros parauglaukumos,
kops 1978.gada. 32 kontroliauki aptver visu Latviju. To
izmeéri ir 100x100 m. Katra parauglaukuma veic §adus
darbus:

1)nosaka gammaun béta starojuma intensitali uz augsnes
virsmas 1 maugsluma no zemes (gamma starojuma intensitati
fauka apstakjos méra ar scintilacijas geologiskas izlokosanas
aparatu “SRP—01");

2) analizGm nem augu un augsnes paraugus no augsnes
aramkartas (aptuveni 2 kg gaissausas augsnes).

Augsnes un augu paraugus nem reizi vegetacijas perioda
laika. Augsnes paraugos péc to izzavéianas un samalsanas
faboratorijas apstak|os nosaka 905r un 137Cs saturu.

Augu paraugus ievac tehniskas gatavibas fazé. To masa
atkanga no kultaras pelnvielu satura. Paraugam janodrosina
pietickama augu daju pelnu masa atkartotam radiokimiskam
anahzem. Augu paraugos nosaka 90Sr un 137Cs saturu.

P0Sr qugsnes un augu paraugos nosaka péc skaldizotopa
F0Y aklivitates. 1zdalot 1o itrija oksalata sals veida. '37Cs
augsnes un augu paraugos nosaka, izgulsnéjot o antimona
jodida sals veida. 1zdalita preparata aktivitati méra ar maza
tona ickartas ("UMF— 500"} palidzibu.

Sunas Sphagnum magellanicum Brid. paraugi icvakt
vasaras ekspedicijas laika 1989. gada julija un augusta visa
Latvijasteritorija no 33 augsliem purviem. Katra purva sinas
ievaca no tm 10 m- licliem parauglaukumiem. levakia
sunu garums bija 822 cm (sunu zala dala). No tris
parauglaukumos ievakliem paraugiemizveidoja vienu kopéjo
paraugu, kura masa bija 4—5 kg. Paraugi turpmak tika
icvietoti specialos maisos, skiroli un istabas temperatard
izzavéli hdz gaissausam stavoklim. 90Sr un 137Cs
notetksana sunu paraugos veikla tapal ka augsnes un augu
paraugos.

5. Radionuklidi sfagnu sanas Latvijas
teritorija

Lai noskaidrotu pedéjo 10 gadu radioaktivo nosedumu
0Sr un 17Cs daudzumu Latvijas leritorija, 1989Y.gada
ievakli Sphagnum magellanicum Brid. sunas paraugi. To
radiokimisko anahizu dali liecina, ka analizéjamas sunas ir
absorbeéjusas P0Srun H7Cs radionukhdus. Absorbétd 99Srun
137Cs nevienadais saturs dazadas purva sunis izskaidrojams
ar divejado radioaktivo nosedumu raksturu. Sand ir
uzkrdjusices gan atmosicras globalic radioaktivie nosedumi,
kas radusics pec kodolbumbu izmegingjumiem un nosedusies
hidz 1986, gadam, gan an tic radioaktivie nosedumi, kas
radusies pee Cernobilas AES avarijas,

Pec Cernobilas AES avarijas radusos radioaklivos nosédu-
musvar atskint pee 99Srun 137Cs atticaibas. Globalie nosédumi
salur 080 un 137Cs noteiklas alliecibas, savukarl pec
Cernobilas AES avarijas izveidojusies radioaktivie noscdumi
nesatureja 70Srizotopu. Radioakuivais makonis, kas izveidojas
pee Cernobilas /\[Sumrqax apmeram 609 no kopejaizolopu
salura sastaveja no 137Cs un 134Cs izotopiem.

Globalic radivaktivie nosédumi (905run 137CS veida:
vienmengi klay gandnz visu Lalvijas teritoriju. 1znemums
r augstiencs, kur pnmsll ir vairak nokrisnu, kas, tndam
atmosieras zemakos slanus, nones uz zemes virsmas ar
vairak radioizotopu. Globalo radioizotopu q“@r un 137¢.
altiecrba kudrainas 2leja augsnes ir no 1:3,5 lidz 7:6,5
(12). laso Y0srun ! ?’( s attiecibu alluecmalu uz 20Srun
137 Cqsaturu suna, tad redzams, ka {12, un13.att.) Latvijas
teritorijas hiclaka dala domine giobilie radioaktivie
nosedum’ ar videjo 90Se saturu 30 un 137Cy — 163 hdz
178 Ba/ke. Paaugstinatais 90Sr saturs Vidzemes augstiences
augsto purvi suna un Kolkas apharine izskaidroiams as
ielaku ikgadero

LATVIJAS ARSTS 1993/2 210




14. att. Gamma starojuma fons (pR/h) 1992. gada.
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imeteornloviske ookrenu daudsamo s apeaos,

L zobes pat b ad tas fendoria, € ermobnias \[S RISHTSTRIN
skt rubioaktnco poteklumakonis cowrak saanatos Latvipas
Lonis, ars kupem aakonu paectosanas hitka nokritg
nokisne ~ lietus warruclas Dretava skartos TIONOS aUgsio
purva suna radioaktivia cezipa saturs daudzkart preaudans
Kurzeme un Ziemejvidzeme  — Aluksnes un Valimieras
rajonos. Tas atspogufojas art ! 7Cs daudzuma Sphagnum
magellanicum Brid. sunas (13, att.).

6. Radionuklidi Latvijas augsnes
un augos

Gammastarojemaions Latvijas lerntorija prems Cernobilas
AES avanjas un an pasrciz (F9920 g atkarnies no aausni
verdotdja cilmicza radioaktivitates (14, att) un svarstas no 7
hdz 18 p R/H. Siradiacijas intensitate ir zema, Camma fona
lieluma vertiba atspogulo ka dabisko vides radicaktivo vielu
saturu cilmiczipiemeram, H0K 2381 2327hi i ankosmiska
starojuma iespaidu. Vismazak radionuklidu satur smilsainas
unkudramas augsnes, vairak —smifts un smilsimala augsnes,
Refatvi pagugstinats radionuklidu saturs i mdla augsnes.

Pec Cernobilas AES avarijas 1986, sada maija pirma
dekadeé izmernjdm samma starojumu konirollaukos. Gamma
starojuima himena paaugstinasanos salidzindjuma ar
ieprickséjo gadu fona limeni kanstatejam Latvijas rictumu
un austrura dald izverdotos kontrollaukos. tietiks gamma
starojuma iimena picausums konstatets Kurzeme, mazaks
— Latgale. Gamma starojuma himenis, sahdzinot ar fonu,
paaugstinajas: Nica par 111, Nizpute par 3,5, Ventspils
rajona Targale par 2.0, Balvos par 3,0, Rezeknes rajona
Dubulos par 3,0, Madonas rajona Degumnickos par 3,0,
Gulbene par 1,0, Kraslavas rajona Skaistd par 2,0,
Daugavpils rajona Naujiené par 3,0 un Medumos par 1,0
p R/H (15, ait).

137 Cs saturs augos Latvijas teritorija no 1980. lidz 1986.
gadam bija |oli zems — 1,55 Bo/kg gaissausa materiala.
Saja laikd 137Cs augos nokluva galvenokirt caur saknu
sistému. Pateicoties labam augu nodrosinajumam ar bartbas
vielam, seviski ar kaliju, augi uznémusi loti maz augsné
esosa 137Cs.

Cernobilas AES avdriias radito radioaktivo nosédumu
skartos Latvijas rajonos 137 Cs saturs augos valielingjas (16.
alt.), sasmedzot, piemeram, Targalé 105 Bykg. 1986. gada
137¢s radioakuvo nokrisnu veida nosedas tiesi uz augu
dalam. Lielaka dajauz augiem nokjuvusa 137¢Cs augkopibas
produkcijas veida nokjuva dzivnieku un cilveku uztur,
mazdka dala ar augu pécplaujas atliekdm nondca augsné.
Augsné nokJuvusds augu dalu atliekas paaugstindja 137Cs
saturu augsné par 1,5 Bq/kg. So 137Cs satura pieaugumu
kontrollauku augsné konstatéjam 1987. un 1988. gada.

Pasreiz ! 37Cs saturs Latvijas augsnés svarstas no 5,+ lidz
19,6 Ba/kg (17. att.), bet 90Sr saturs — no 3,0 lidz 14,6 Bg/
kg (18. att.). Siem radioaktivajiem izotopiem dabiskais fons
augsneirnulle, tadel katrs piesarnojums ir eventuali bistams.
Tomér, radioaktivo vielu saturs Latvijas augsnés ir refativi
zems salidzinajuma ar citu valstu, pieméram, Zviedrijas,
lauksaimnieciski izmantojamo zemju piesdarnojumu.

Latvijas augsnés biologiski nozimigakie radioaktivie
izotopi ir stroncija un cézija izotopi. Paréjiem eksplozijas
rezultdtd atmosféra izpladusiem izotopiem ir saméra iss
mazs, un tagad, péc septiniem gadiem, tos var uzskatit par
dajéji sabrukusiem ar relativi niecigu parpalikumu.

Mineralvielu, ieskaitot radioaktivos izotopus,
uznemsana augos caur saknu sistému atkariga no dazadiem
faktoriem. Pirmkart jau no augu fiziologiskam ipasibam.
Faktori, kas ietekmé elementu uznemsanu augos no augsnes,
ir: augsnes pH, dazadu augiem nepieciesamo baribas vielu
relativa koncentracija augsné, klimatiskie apstak|i u. c.
1992. cada
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lapanak, fai augsnes reakcija batu neitrala vaibaziska. jo

/ - sada gadijuma samazinas kalcija, ka ari 90Sr nozime un
( uznemtais daudzums kultiraugos. Tapéc nepieciesams augsni
‘H"%\ kalkot, paaugstinot tas reakcijas raditaju pHycy virs 6.

! : Svariga ir ne tikai augsnes reakcija, bet ari kalcija jonu
o daudzums augsné. Ta ka Ca un 90s¢ augu saknes uznem
lidziga veida, abi sie elementi uznems3anas procesa viens ar
otru konkuré. Kalcija daudzumam augsné samazinoties,
pieaug augos nokluvusa I0Sr daudzums. Jo mazak kalcija ir
augsne, jo eiektivaka ir kalkosanas ietekme uz 90Sr

g g 37 —74 ‘ uznemsanu augos.
[0 7.4—111 o | lekoptas augsnes ar biezu, augvielam bagatu trudvielu
1.1 —14.8 slani 90Sr apdraud razu mazak neka seklas un baribas vielam
14.8—185 nabadzigas augsnes. Tapéc organiska meéslojuma
Izmantosana slipri samazina uznemta 90sr daucdzumu augu
17. att. "¥Cs saturs (Bg/kg) augsne 1992. gada. razi.

Maz meslotas dabiskas plavas un ganibas ar zales razu
pada laika no augsnes 1znes vairak neka 1'% augsne ieskalota
90g; apec an seit liclika uzmaniba javelti kalkosanai un
meslosanai.

Prakiiska nozime var bat an meslosanas lidzek]u
atseviskam sastavdajam. Svaniga ir SO4™" anjona kimiska
iedarbiba uz 081, Jonu apmaina aupsnés var veidoties
savienojums SrSO4, kas lidzigi pipsim (CaSO4y irmaz skistoss.
Subiata jonus satuross meslojums samazina 908 absolato
' daudzumu razi.

137y jonu apmaina augsne un uznemsana kullaraugos
atkanganokalija daudzumaapmainas. Augsnes, kasbagatas
ar augiem viegli uznemamao kaliju, raza nokjust mazak

L —7a e 137¢,. Tade| kalija meslojuma lictosana samazina augos
24 —11 ) uznemta 137Cs daudzumu,

=3 v —ian Paliclinatas slapekli saturosa mesiojuma devas paaugstina
gan 90sr, gan 137Cs daudzumu augos. Méslojol laukus,
18. att. *Sr saturs (Bq/kg) augsne 1992. gada. vienmer japatudr prata dazidu méslojuma veidu ictckme uz

radioizolopu parcju no augsnes augos.

Kaul gan Latvijas teritorija pec Cernobilas AES avarijas
sausas vasaras apstaklos ™Sr uzkriasanas koeficients (™Sr § izkrita relativi maz radioaktivo izotopu, tomer Latvijas
satura attieciba augos pret *°Srsaturu augsne) gantbu zelmena | medikiem butu vélams pieverst vairak uzmanibas radiacijas
zale (parsvard kamolzalg) bija no 0,19 lidz 1,20, vid¢ji 0,65, | makona skartajas terilorijas dzvojosa iedzivotdju veschbai.
"WCs uzkrasanas koeficients gambu zelmena zale bija no
0,06 hdz 0,31, videji 0,17,

Lai samazinatu radioaktivo izolopu uznemsanu Pecvards
kultoraugos, lieldeniga butu stroncija un cézija stabitas
frakcijas paliclindsana augsne. Papildus iestradajol augsné: Paicicamices kolégiem par palidzibu empririska materidla
skistosos stroncijauncezijasalus, varctu hiclimérasamazinat | vaksana un analizu veiksana un Latvijas Republikas Vides
radioaktivo izotopu uznemsanu kulturaugos. aizsardzibas komitejai par inansialo atbalstu.
.
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BIOINDICATION OF POLLUTANTS IN THE JURMALA AREA
USING SCOT’S PINE (PINUS SYLVESTRIS) BARK AS A SORBENT

O. Nikodemus*, G. Bramelis**, S. Likais*, P. Sarkovskis***

The emissions of Ca, Cd, Co, Cu, Fe, Mg, Mn, Ni, Sr and Zn in the city of Jirmala were surveyed
using Scot's pine (Pinus sylvestris) bark as a bioindicator. The highest concentrations of elements
occurred in Sloka, the Dubulti to Bulduri area, and Kemeri, which have abundant small to large
emission sources including industry, boiler-houses and vehicle and rail transport. Specific groups of
elements cannot be used to characterize individual point sources here, due to the overlapping of

distribution patterns.
Key words: biomonitoring, pine bark, pollutants.

INTRODUCTION

Many regional environmental surveys are based on the
analysis of wet and dry deposition or air. Samples must
be collected continuously throughout the year, due to
daily variability. Usually, the network density of
sampling points is limited, due to high financial and
labour requirements. Thus, mapping of pollutants lacks
good resolution. '

Bioindication uses plants as sorbents, which collect
pollutants through uptake mechanisms or by attachment
to cellular surfaces. In this way, collected plant material
provides an integrated sample over a period of time.
Organisms from various systematic groups have been
used as bioindicators, including lichens, moss, herbs and
trees. Trees are considered to be efficient indicators,
compared with herbs, due to their large surface area and
greater independence from substrate variability [1].
Much work suggests that tree bark is one of the most
efficient indicators of atmospheric pollution, particu-
larly pine bark, in areas where physiological damage is
not noticeable [2-6]. Pine bark located on the stem in a
direction exposed to emissions from a cement industry
was found to have a higher content of many elements
than the protected side [5]. Few surveys have used bark
as a bioindicator in city areas where there are many
overlapping point sources of pollution. In this work,
Scots’s pine bark is used to map atmospheric emissions
in the city of Jarmala, Latvia.

SITE DESCRIPTION

Forests occupy 5088 ha (50% of the total area) in
Jarmala. Of these forests, 49% are dry pine forests, and
drained forests with dominant pine canopies are

common. These pine forests are distributed rather uni-
formly throughout the area. According to data gathered
at the Institutes Rupnicprojekts and Silava, 300 boiler-
houses with fossil fuel combustion operate in the area,
40% of which are concentrated in the Lielupe to Dubulti
area; but Sloka and the industrial area of Dubulti, Pum-
puri and Kemeri also have high densities. The largest
boiler-house is at the Sloka cellulose and paper mill.
Another potential poilution source until 1988 was
dolomite processing at Sloka. Local industries are
relatively small and variable.

MATERIALS AND METHODS

Sample collection was conducted in 1989 using 2 1 km
spaced grid. In each grid square that contained a suitable
Scot’s pine forest, a 20x20 m quadrat was set up at
least 25 m from major roads. Figure 1 shows the plot
locations. A 4 mm thick layer of pine bark was collected
from 5 trees at a 1.3 m height around the circumference
of each stem. Samples were collected from healthy trees
free of lichen and algae growth. The bark from the 5 trees
was grouped. Subsamples (5 g) were ashed at 500 degrees
celsius for 1.5 hours. The ash was redissolved in con-
centrated HCI/HNO3 (1/1) and then heated to dryness.
The remaining ash was again redissolved in 5% HCl and-
filtered. Zn, Cu, Mn, Fe, Cd, Sr, Ni, Co, Pb, Ca and Mg
concentrations (air dry weight) were determined using
AAS (Perkin-Elmer 403).

A total of 25 samples were also collected for comparison
in a control area (the Riga-VangaZi-InCukalns forest).
Mean concentrations for each element were determined
in the control. The relative increase in concentrations

* Faculty of Geography, University of Latvia: Alberta iela 10, Riga, LV-1010 LATVIA
** Faculty of Biology University of Latvia: Kronvalda bulv. 4, Riga, LV-1842 LATVIA
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Fig 1. Map of the Jirmala area showing the location of study plots and surveys districts.
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The numbers given at each site refer to groups classified by their location in a Principal Components Analysis: (1) unpolluted, (2) high poliution,
(3) moderate pollution, (4) high Cu and Fe, but low concentration of other elements

at plots in Jirmala, compared with the control, were
determined using an enrichment factor Ka= Kc/Kf;
where Kc is the plot concentration in Jirmala and
Kf is the mean concentration in the control area.
Coefficients Ka over 1.5 (increase in concentration by a
factor of 1.5) were considered to be due to emissions
according to the criteria of [7]. A Principal Components
Analysis was conducted, which locates both elements
and plots in ordination space based on the correlation
matrix. The Geographical Information System IDRISI
(Clark University school of Geography) was used for

mapping.

RESULTS AND DISCUSSION

The Table displays summary statistics for the Jirmala
and control areas. The mean concentrations of elements
in pine bark, as well as the variation in values, were
higher in Jirmala. The highest coefficients of variation

Table
SUMMARY STATISTICS
Control Jirmala
Elem- - 5
ent x min | max X min | max
s s%

(mg/kg) (mg/kg)
Ca 2880 1650 5050 4450 1650 15500 2600 58.4
Mg 180 120 230 280 120 1630 250 89.3
Fe 270 180 380 750 180 7000 1000 1333
Mn 153 70 275 228 50 1275 143 627
Cu 32 1.6 4.7 6.0 1.6 840 115 1914
Zn 200 120 290 259 123 184.0 323 1247
Cd 0.2 0.1 0.6 0.4 0.1 14 03 625
Pb 88 05 210 200 0.5 915 141 691
Ni 19 11 29 35 1.1 14.0 18 514
Sr 25 18 38 6.5 1.8 360 53 81§
Co 1.6 0.6 2.1 3.7 06 195 3.0 822

Summary statistics for concentration of elements in pine park in the
Jirmala and control areas. Means (x), ranges (min. and max.), stan-

dard deviations (s) and coefficients of variation (s%) are presented.

in Jirmala were 191.6%, 133.3%, and 129.7% for Cu, Fe
and Zn, respectively. The higher variability here suggests
more sources of pollution.

A centred and standardized Principal Components
Analysis, based on the correlation matrix, was conducted
(Figure 2a-b). The first and second axes accounted for
43.1% and 13.7% of the variability, respectively. Thus,
only the first axis is of major importance. An ordination
of elements (Figure 2a) indicated that the variance along
the first axis is due to differences in the magnitude of
most of the elements (Ca, Cd, Co, Mg, Mn, Ni, Pb and
Zn). The distance between any two elements in the
ordination indicates their similarity in concentration.
Elements with increased correlations are located closer
together. Since most of the elements are correlated, the
area of Jirmala cannot be partitioned into localities
identified by associations of different elements, but
rather sites differ in the magnitude of concentrations.
Four groups of sampling locations may be identified in
the site ordination (Figure 2b): 1: relatively unpoliuted;
2 and 3: high and moderate, respectively, concentrations
of Ca, Cd, Co, Mg, Mn, Ni, Pb and Zn; and 4: high
concentrations of Cu and/or Fe but low to moderate
concentrations of other elements. Most sites in Groups
2,3 and 4 are located in the area of Sloka and the Dubulti
to Lielupe districts.

Individual element concentrations were mapped to
characterize Jirmala by the amounts of pollutants. The
frequency distribution of concentrations varied between
elements. For example, the frequency distribution of Cu
exhibited a positive asymmetry, indicating that only a few
plots had high concentrations (Figure 3a). Most con-
centrations ranged between 1.6 and 8.4 mg/kg, but only
a few exceeded 16.8 mg/kg. The mapping of Cu con-
centrations of bark indicates that the areas with highest
emissions are Dubulti-Majori, Bulduri-Lielupe, Sloka,
Kidra, Kauguri, and Asari. Most of the area between
Dubulti and Lielupe has increased concentrations, with
the enrichment ratio Ka reaching 21.9 in Majori. Sloka
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has a maximum Ka of 26.3. Sources of
pollution at both of these areas include
many industries, boiler-houses, and
vehicle and rail transport.

Most Cd concentrations in Jirmala
range between 0.3 and 0.4 mg/kg,
compared with 0.2 mg/kg in the control
area (Table). The frequency distribution
of Cd differs from Cu (Figure 4a). More
sites have Cd enrichment factors over
1.5, including the industrial areas of Slo-
ka and Dubulti, as well as around the
boiler-houses of Kemeri, Kidra, and
Majori to Bulduri. The maximum con-
centration (1.4 mg/kg) was found be-
tween Majori and Dubulti.

Ca has a more normal frequency dis-
tribution (Figure 5a). Again, as for Cu
and Cd and other elements, the largest
concentrations of Ca are shown to be
around Sloka and the Dubulti-Majori
area (Figure 5b).

A number of element associations may
be recognized by the spatial distribution
of groups of indicator elements with

_ their concentrations. The most plots

with high enrichment ratios were found
in the area bounded by Dubulti, Majori,
Dzintari and the Lielupe river. This
polluted area can be further divided into
two zones (elements are given with their
mean enrichment ratios): (1) coastal
zone — Fe 7.5, Cu 6.5, Co 5.6, Pb 52,
Mg 4.0, Zn3.8, Sr3.6, Ca3.3, Ni33,
Cd 2.5, Mn 1.9; and (2) peripheral zone
along the Lielupe river — Cu 6.5, Sr 3.4,

Fig. 3. Cu concentrations
(mg/kg) in pine bark in Jdrmala.

a: frequency distribution;
b: spatial distribution in Jirmala
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Pb 3.2, Zn 3.1, Co 3.0, Ni 2.8, Mg 2.0,
Fe 1.7, Cd 1.5. The coastal zone has
higher enrichment ratios, which co-
incides with the increased density of
emission sources in the area, in-
cluding both boiler-houses and local
industry.

The Sloka area is characterized by
many emission sources of variable
size. The element indicators here,
with their mean enrichment ratios,
are Sr 5.2, Fe 5.1, Co 4.2, Mg 4.0,
Pb 3.8, Ca 3.5, Ni 3.1, Mn 2.7, Cd 2.2
and Zn 1.9. The high Sr, Mg and Ca
concentrations are likely due to the
dolomite industry, which was in

[ Eex-00 PZes-on [[en-on Hl>on operation until 1988.

Fig 4. Cd concentrations (mg/kg) in pine bark in Jarmala.

a: frequency distribution; b: spatial distribution in Jirmala

15 S12 468 636 700 2% WA 2AS WOV K60

Fig 5. Ca concentrations (mg/kg) in pine bark in Jirmala.

a: frequency distribution; b: spatial distribution in Jirmala
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The point sources of emissions close
to Kemeri are local boiler-houses, and
the affected area is smaller. Fewer
elements here have enrichment ratios
over 1.5: Sr 2.8, Mg 2.6, Fe 2.5, Ni 2.0,
Pb 1.9, Cu 1.7 and Co 1.6.

The emissions of elements in Jirmala
are not due to major point sources of
pollution. Rather, the pollutants have
increased concentrations in areas
with higher densities of small boiler-
houses and local industries. Thus, the
atmospheric deposition varies in
magnitude for most of the elements
surveyed, and a group of elements
cannot be used to characterize a
particular point source.
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MAZEIKU RUPNIECIBAS OBJEKTU IETEKME
uz KIMISKO ELEMENTU KONCENTRACIJU SUNAS

UN MEZA AUGSNES LATVIJA

O. Nikodemus*; G. Brimelis**

Aprakstiti vides piesarnojuma indikacijas rezultdti Dienvidkurzemes rmieZa ekosistémas, par sarmu sor-
bentu izmantojot sdnu Pleurozium schreberi un augsni. Konstatéta MaZeiku naftas péarstrddes kombi-
nata ietekme uz sdnu un aug$nu horizontu (A, A) kimisko sastavu Latvijas teritorija. Analizéta augsnu
tipa un meZa augsanas apstéklu tipa sakariba ar augénu kimisko sastavu.

Atslégvardi: kimiskie elementi, sina Pleurozium schreberi augsnes, augsnes honzontl piesarnojums.

1. IEVADS

Pé&c Latvijas teritorijas bioindikacijas rezultatiem [Magone, Kar-
pa, Teivans, 1991; Nikodemus, 1991; Brimelis, 1992], viens no
vides piesdrnojuma zind sareZfitdkajiem aredliem Latvijd ir Ma-
Zeiku apkartne. MaZeiku. naftas parstrades kombindts atrodas
Lietuvas Republikas ziemelrietumdald pie Latvijas robeZas.
1980.gada rupnica tika iedarbinats pirmais tehnologiskais kom-
plekss, 1983. gada sika darboties otrais tehnologiskais kom-
plekss. MaZeiku naftas parstrades kombindts sastav no vairdkim
iekartdm (divdm kombinétdm iekartdm - KG-4, elementara séra
raZo%anas iekdrtas, bituma raZo3anas iekdrtas u.c.), kas atmosfe-
rid izmet veselu virkni sdrnu: sé€ra anhidridu, stapekla oksidu,
vanadija oksidu, séridenradi un ogladenraZus. MaZeiku naftas
parstrades kombinata tuvuma darbojas TEC. MaZeikir naftas
kombindta piesarnojuma avoti izvietoti virziena no ziemeliem uz
dienvidiem, k4 rezultitd, domin€jot ziemelu un dienvidu véjiem,
piesdrnojuma ingradientu koncentracija atmosféra summeéjas.

Lidz 3im Latvijas Republikd traka precizas informécijas par
piesarnojoSo vielu izkliedi atmosférd no Mazeiku rapniecibas
mezgla. Pasaules praksé, lai izv€rtétu atmos{€ras piezemes gaisa
sldna piesarnojuma pakapi, taja skaitd smago metalu saturoSus
nokridnus, bieZi izmanto sinas [Ruhling and Tyler, 1971; Folke-
son, 1979; Pilegard, 1979; Rasmussen and Johsen, 1976]. Metalu
saturs sinds adekvati atspogulo atmosféras piesarnojuma paka-
pi. Tomér, izve€rt€jot metilu anaiizu rezultitus, jaievéro vairakas
kimisko elementu akumulacijas nianses sinas. Atmosféras pie-
samojums un metalu saturs sinds var at3kirties dazados meZa
aug3anas apstaklu tipos [Brimelis, 1992]. Ir noskaidrots, ka me-
talu kustiba ekosistémad ir atkariga ne tikai no meZa augianas
apstaklu tipa, bet arf no citiem faktoriem, kuri var ietekmét
metalu daudzumu stnas [Berggren et al., 1990; Ross, 1990; Stein-
nes et al,, 1991].

Atmosféras piezemes gaisa slina kimisko sastavu atspogulo ari

elementu koncentricija augsné [Caem n mp., 1990]. Augsnes
kimisko sastdvu nosaka tds dabigais fons, elementu migracijas

likumsakaribas un citi faktori [Dudka, 1992]. Lidz ar to augsne
ne vienmér precizi paradis atmosféras piesirnojumu.

Sajos pétfjumos sGnas un meZa augsnes izmantotas MaZeiku
naftas parstrades kombindta ietekmes zonas raksturo3anai.

2. PETIJUMU MATERIALS UN METODIKA

PARAUGU IEVAKSANA. Augsnes un siinu biogeokimiskie pétiju-
mi MaZeiku apkartné veikti 1991. un 1992.gada. Teritoridli aug-
snes rakumi un sGnu ievak3anas parauglaukumi izvietoti t4, lai
ne tikai noskaidrotu MazZeiku ripniecibas mezgla ietekmes zonu,
bet arf konstatétu vides piesdrnojumu Rietumkursas augstiené
un Liepajas apkartné (1. att.). MeZos parauglaukumi péc iespé-
jas tika izvietoti priezu métraja, lana vai damak3pa meZu tipos.
Apvidos, kur tie nebija sastopami, — lidzigos meZu augianas
apstaklu tipos. Katrd parauglaukuma tika aprakstita vegetacija
un izdarits augsnes dzilrakums. Augsnes paraugi ievakti no katra
augsnes horizonta. Ja horizonti bija loti biez, tad no tiem no-
néma vairakus paraugus. Vidéjais paraugs no augsnes virséja
horizonta (Ao vai A, ) iegGts no pieciem punktveida paraugiem
ar konverta metodi.

Paraléli tajas padis ekosistémas no 40 X 40 m lieta parauglauku-
ma ievaca sinu Pleurozium schreberi. Katrd parauglaukuma
paraugus jevaca tris atkartojumos td, lai kimisko elementu aki-
mulacija sind neietekmétu to izskaloSanos no koku vainagiem.

LABORATORIJAS ANALIZES. Augsnes paraugi laboratorija tika
izZaveti un izsijati caur 1 mm sietu. Elementu kopsaturu parau-
gos noteica Lietuvas Republikas Mineralogijas un geokimijas
institGtd ar emisijas-spektrofotometrijas metodi. Pirms kimisko
elementu noteik3anas paraugi nosvérti (iesvars 5 g) un pdrpel-
noti mufefa krisni 450—500° C temperatdrd. Parpelnosanas
laiks S stundas. P&c parpelnoSanas paraugi tika vélreiz nosverti.
Svara zudumi parpelno$anas laikd pemti vérd, aprékinot kimisko
elementu koncentraciju. Spektrala analize veikta ar kvarca spek-
trografu UCII-30 un UCII-28, ki ari spektroprojektoru I1C-18. Ar

*Latvijas Universitite, Geografijas fakultite: Alberta ield 10, Riga, LV-1010.
**[_atvijas Universitite, Biologijas fakultite: Kronvalda bulv. 4, Riga, L.V-1842.

58




ULDiGA

8
2 D03
(13113
«6C17 o612
o6l
.6CZ$ H ]
sote’_o6DR
x <
olC05

76064 #7007 SKRUNDA
1€10° =

1. at. Parauglaukumu izvietojums Dienvidkurzemes meZu ekosistémis un svina un vanadija koncentricijas sadalijums pa P, PT, PgT, PGT, Pg, PG,
Vg, VG auginu horizontiem. Tumsie laukumini parida elementa konkréto vértibu konkrétajd parauglaukumai; a —svins; b — vanadijs

spektralo metodi augsnes paraugos tika noteikta Cu, Pb, Sn, Cr, Zn,
Ni, Co,Mn, B, Tj, La, Y, Yb, P, V, Sr, Ga, Zr un Ba koncentracija.

Stnu paraugus péc ievakSanas izZavéja 40° C temperatdra un
attirija no skujam, lapanr un citiem piemaisijumiem. Talakai
analizei izmantoti tikai sinu pedéjo tris gadu pieaugumi. Sausie
paraugi (iesvars 2 g) tika apstradati ar koncentrétu slapekiskabi
lidz to pilnigai oksidacijai. Cu, Zn, Fe, Pb, Ca un K noteikts LZA
Biologijas institGta ar atomabsorbcijas spektrofotometru.

Stnu paraugi vanadija noteik3anai parpelnoti mufela krasni 500°
C temperatira. ParpelnoSanas laiks — 4 stundas. Parpelnotie
paraugi atSkaiditi ar sdlsskabi. Vanadijs noteikts ar spektrofoto-
metrijas metodi. .

DATU APSTRADE UN INTERPRETACWA. Datu apstrade veikta
Latvijas Universitites Geografiskas informadcijas sistémas labo-
ratorija. Péc iegiitajiem analiZu rezuitdtiem un paraugiaukumu
aprakstiem izveidota datu baze. Kartoshémas sastaditas ar dato-
ru, tajds apliu diametrs ir proporcionals elementu koncentraci-
jai attiecigajd parauglaukuma. Augdnu kartoshémas sastaditas
atseviSki pa tipu grupdm — trudaini kidraindm podzolaugsném
(PT), tipiskdm podzolaugsném (P), tridaini kidraini podzole-
tim glejotdm (PgT), tridaini kidraini podzolétdm gleja (PGT)
un tipiski podzoliétam glejotdm (Pg), tipiski podzolétam gleja
(PG), velénpodzolétam glejotam (Pvg) un velénpodzolétam gle-
ja (PvG) augsném.

Izmantojot K. Kalvi3ka sastadito augnu analiZzu apstrades prog-
rammu, izveidotas kimisko elementu sadaiijuma diagrammas pa
augsnes horizontiem.

Elementu koncentracijas statistiski batiskds at3kiribas starp
augsnes un meZa augdanas apstaklu tipiem izvértétas, lietojot
vienfaktora dispersijas analizi un ticamibas (95 %) intervalu
rangu testu.

3. REZULTATI

SMAGO METALU SATURS SUNU Pleurozium schreberi LAPONOS.
Vislabdk MaZeiku naftas parstrddes kombinata ietekmes zo-
na nosakima péc vanadija daudzuma Pleurozium schrebert si-
nas. V koncentrécijas maksimala vértiba te sasniedz 9,5 mg/kg.
Ta pakapeniski samazinds, attdlinoties no MaZeiku naftas par-
strddes kombinata (2.a att.). V fona koncentracija Dienvidskan-
dinavija ir 2—4 mg/kg, bet 10 mg/kg sasniedz tikai pie pilsétam,
kurds mazuts tiek izmantots elektriskds stravas raZo3anai vai
apkurei.

Latvija visaugstaka vanadija koncentracija konstatéta 2 km atta-
luma no 2. Rigas TEC (25 mg/kg) [Brumelis, 1992). Lidz ar to
varam uzskatRt, ka MaZeiku naftas parstrades kombinata ietek-
me uz Latvijas teritoriju vanadija piesarnojuma zina ir relativi
mazaka nekd Rigas TEC ietekme. Vanadija anomalijas lauks
Dienvidkurzemeé ietver teritoriju — Vainode, Embiite, Nigran-
de un Ezere.
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2 an. Vanidija () un cinka (b) koncentricija (mg/kg) Pleurozium
schreberi lapanos.

AtseviSkos parauglaukumos MaZeiku apkirtn€ novérojama pa-
augstinata vara koncentracija. 8C09 parauglaukuma elementa
daudzums sdnds ir 10,2 mg/kg. Ta fons Norvégijas, Somijas un
Zviedrijas dienvidos ir 4—8 mg/kg, atsevidkas vietds sasniedzot
12 mg/kg, ko Rietumu specidlisti saista ar sdrnu transregionalo
parnesi [Ruhling et al., 1992]. Latvija visaugstakas Cu koncentra-
cijas ir pie Liepdjas — lidz 11,5 mgkg, aptuveni par 25 %
parsniedzot regiondld fona limeni.

MaZeiku apkartné Pleurozium schreberi sinas satur relativi ma-
zak Cu, tomér td daudzums sinds parsniedz fona limeni (4—7
mg/kg). Augstakas koncentracijas te ir pierobeza un pakapeniski
samazinas ziemelu virziena.

Atseviskos parauglauvkumos Latvijas pierobeZa novérojama arl
paaugstinita svina koncentracija ( 20 mg/kg). Pb daudzuma
sinas karté$ana Ziemelrietumeiropa paradija Centralds Eiropas
valstu piesdrnojuma ietekmi uz Baitijas regionu, ka rezuitata
pladd teritorija tick paaugstindts regiondlais fons. Latvija tas
svarstas 10—20 mg Pb/kg robeZas. Latvija un Lietuva augstiks
fons ir rietumu dal3, kur piesarnojumu atnes valdaSie véji. Visaug-
stikd koncentrdcija konstat€ta uz austrumiem no Liepajas (28
mg/kg), kas saistas ar Liepdjas rGpniecibas uznémumu darbibu.

Batiska Liepajas uzn€mumu ietekme novérojama cinka teritori-
alaja sadalijuma (2.b att.). Liepdjas tuvuma Zn koncentracija
parsniedz 100 mg/kg. Augstas elementa satura vértibas novéro-
jamas pat 35 km attidluma no Liepajas. Zviedrija un Somija tik
augstas koncentrdcijas nav konstatétas, un regiondlais fons 30
valstu dienvidu regionos ir zem 40 mg/kg [Ruhling et al., 1992).
Tikai Norvégija pie Odas krdsainas metalurgijas uznémuma ta
koncentracija parsniedz 100 mg/kg.

MaZeiku apkartné Zn saturs Pleurozium schreberi sinas ir regi-
ondla fona robeZas, iznemot vienu parauglaukumu. Pasreizéjo
pétijumu rezultati nelauj izskaidrot paaugstinatas koncentracijas
iemeslus.
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[zvértéjot situdciju MaZeiku apkartné kopumd, varam secint,
ka kombinata emisijas ietekme Latvija novérojama teritorija —
Vainode, Embite, Nigrande, KursiSi un Eleja, un to raksturo
paaugstindts vanadija un vara daudzums sinas Pleurozium
schrebert laponos. Atseviskos parauglaukumos te novérojams ari
paaugstinats svina un dzelzs saturs.

KIMISKO ELEMENTU SATURS AUGSNES. Pé&ama teritorija ir loti
raiba augsnes sega, ko raksturo augsnes mehdniska sastiva
(smilts, malsmilts, smil3mais) un augsnes tipu maina teritoriala
griezuma. Augsnes segas teritoridli sareZgRa struktira nedod
iesp€ju vides piesdrnojumu indikacijd izveléties vienu konkrétu
augsnes tipu. Lidz ar to viens no uzdevumiem MazZeiku rdpnie-
cibas objektu ietekmes izvértéSana ir noskaidrot kimisko ele-
mentu kopsatura diferenciaciju atkaribd no dabiskajiem fakto-
riem, Li., augsnes tipa, kas nosaka kimisko elementu dabisko
fonu, un meZa augianas apstiklu tipa. Viena meZa augianas
apstaklu tipa robeZds var ietilpt vairdki augsnes tipi. MeZa tips
raksturo elementu migracijas ipatnibas ekosistéma un sistéma
atmosféra-augsne. Parauglaukumi pétamaja teritorija izvieto-
ti Vaccioniosa, Myrtillosa-sphagnosa, Myrtillosa, Hylocomiosa
un Oxalidosa meZa augdanas apstaklu tipos, kur dominé tridaini
kidraina podzolaugsne (PT), tridaini kiidraind podzoléta glejo-
ta augsne (PgT), tipiskd podzolaugsr:e (P), velénu podzolaugsne
(Pv), tipiski podzoléta glejotd augsne (Pg) un velénu podzoléta
glejota vai gleja augsne (VG). Pv un VG augsném virséjo hori-
zontu daudzos gadijumos, atSkiribd no pdréjiem tipiem, kur
virskartds sastopams nedzivds zemsegas horizonts (Ao), veido
trida akumulacijas horizonts (A;). Ao horizonts te ir loti plans
(1—3 cm) vai ari nav sastopams. Tas rada problémas tradiciona-
lajai pieejai atmosféras piesdrnojuma indikacijai, izmantojot par
piesarpojumu sorbentu augsnes virséjos horizontus.

Lai noskaidrotu min€to faktoru ietekmi uz elementu kopsaturu
Dienvidkurzemes meZa augsnés, starp augsnes un meZu augsa-
nas apstaklu tipiem tika izvértétas elementu koncentracijas sta-
tistiski batiskas at3kiribas. Konstatéts, ka augsnes tips statistiski
batiski ietekmé Ni, Co, B, Ti, V, Cr, Ba un Mn kopsaturu
Dienvidkurzemes meZu augdnu virséjos horizontos (Ae, Ap) (1.
tab.). Netika konstatéta svina un vara atkariba no augsnes tipa.
Relativi zemakas pétito elementu koncentracijas virséja horizon-
ta raksturigas tipiskai podzolaugsnei, kiidraindm podzolétdm
glejotam augsném un tridaini kidraindm podzolaugsném. Siem
augsSnu tipiem Ap horizonts ir bieziks (10—30 cm) neka tipiski
podzoletdm glejotdm augsném. Velénu glejaugsném un velénu
podzolaugsném reiz€m nedzivas zemsegas horizonts nav sasto-
pams. Pédejie augsnes tipi Dienvidkurzemes meZos sastopami
galvenokdrt uz smagaka mehaniska sastdva augsnes cilmieziem
(smild3mala un mala). Tas nozim€, ka kimisko elementu koncen-
trdciju augsnes nedzivas zemsegas horizonta butiski ietekmé ta
biezusns, mineralizicijas pakdpe un augsnes cilmieZa mehanis-
kais sastavs. No teikta varam secinat, ka dabisko faktoru ietekme
uz elementu kopsaturu augsnes virséja horizonta Dienvidkurze-
mé ir daudz bitiskaka neka antropogéna (vides piesdrnojuma)
faktora ietekme.

Savukdrt svina sadalijuma augsnes tipa ietekme nav batiska. Tas
saistds ar svina antropogeéno piesarnojumu ua izteikto augsnes
ainavgeokimisko barjeru, ko svina migracija veido Ag horizonts
[rnasosckas, 1988). Svins, kurs uz augsnes izséZas ar nokriSniem,
nobirdm un citd veid3, parasti eksisté divvértiga katjonu forma
un saistds ar organiskajiem sorbentiem [Zimdahl Skogerboe,
1977]. Péc tam svins reagé ar sulfatu, fosfatu un karbonitu
anjoniem, kas samazina ta $kidibu un traucé migraciju leja pa
meZa augdnu profilu. Lidz ar to intensivaka svina akumulacija




1. tabula

KIMISKO ELEMENTU KONCENTRACLAS (MG/KG)
VERTIBAS AUGSNES Ao VAl An A| HORIZONTOS®

Augsnes tips Me2a augianas apstik|u

tips

PT|PgT| P | Pv | Pg|Vva |V iMsSiM|[H|O

mg kg™ mg kg™

Ni a<0,01
X 53 53 77 27 11,9 131
8 12 08 09 46 19 10

@ <0,05
54 44 69 93 124
07 09 07 08 20

Co <0,001 a<0,01
% 12 1,0 23 41 46 44 12 12 18 33 40
s 04 03 03 15 07 06 03 05 04 04 07

B a<0,001 a<0,001
X 89 109 163 262 257 324 88 108 134 238 24,6
s 1,7 1,5 16 45 30 30 12 28 24 20 27
Ba a<0,001 a<0,01

x 106 80 202 266 166 304 90 102 140 245 235
s 40 17 20 17 ST 34 17 43 28 21 26

Ti a<0,001
X 463 615 1387 2173 2475 2546
s 93 148 201 39 350 357

@ <0,001
546 697 931 2054 2087
74 316 200 242 267

V a<0,01 n.s.
x 118 147 191 30,0 378 443 124 121 13,6 263 35,1
s 27 26 45 60 90 62 25 33 17 45 61

Cr ¢ <0,01 a<0,01
x 67 89 176 286 258 282 87 95 124 21,5 269
s 1,0 1,5 25 88 40 36 13 37 22 24 41

Cu ns. n.s.
X 42 82 73 88 68 81 85 67 66 60 87
s 1,0 28 09 27 09 08 22 21 14 06 13

Pb n.s.
x 288 324 289 22,00 29,7 157
§ 31 $3' 31 21 RO LS

a<0,05
36,4 290 33,6 193 264
44 41 40 13 40

Mn a<0,01 n.s.
X 207 148 408 1540 477 386 194 460 405 843 278
s 129 36 62 716 163 124 50 348 146 276 69

n= 6 6 23 7 7 9 6 S 9 19 19

*Kimisko elementu koncentricijas (mg/kg) vértibas augsnes Ap vai
Ao A1 horizontos grupétas pa augsnes tipiem un meZa aug3anas apstak-
|u tipiem.

Augsnes tipi: PT — tridaini kidraini podzolaugsne, PgT — tridaini
kidraind podzolé3 glejotd augsne, P — tipiska podzolaugsne, Pv —
velénu podzolaugsne, Pg — tipiski podzoléta glejotd augsne, VG —
velénpodzoléta gleja vai glejota augsne.

MeZa augS$anas apstakju tipi: V — Vacciniosa (métrijs), MS —
Myrtilloso-sphagnosa (slapjais damaksnis), M — Myrallosa (lans), H —
Hylocomiosa (damaksnis), O — Oxalidosa (véris).

ns. — nav statistiski bdtiskas atdkiribas starp koncentricijam
parauglaukumos.

novérojama augsnes horizontos, kas satur organiskas vielas (1.a
att.). Vanadijam un citiem elementiem nav raksturiga minéta

likumsakariba (1.b att.), bet novérojama to uzkra3anas iluvidla
glejotd vai gleja horizontos.

Pb, Cr, Tj, Ba, B, Co un Ni daudzums augsnes virséja horizonta
(Ao, A1) batiski saistas ar meZa augsanas apstéaklu tipu (1. tab.).
Taja pasa laikd vanadijam, varam un mangdnam minét3 likum-
sakariba nav novérota. Relativi vairdk Ni, Co, Cr, Pb un Ti ir
damaksna (H) un véra (O) meZa augianas apstaklu tipu augsnés
neka métraja (V), slapjd damak3na (MS) vai lana (M) tipa au-
dzés. Tas, Skiet, izskaidrojams ar to, ka pirmajos divos tipos
domin€ velénu podzolaugsne vai velénu podzolétd glejota aug-
sne. Sajas augsnés virséjo horizontu nereti veido mineralau gsne.
Tas paaugstina Ni, Co, Cr un Ti daudzumu salidzindjuma ar
organisko vielu veidotiem horizontiem. Savukart Pb koncentra-
cijas augstdkas vertibas novérojamas meZa augianas apstaklu
tipos (métrdja un lana), kur dominé augsnes ar relativi biezaku
nedzivas zemsegas horizontu (PT, PgT, P).

Citas tendences kimisko elementu sadalijuma raksturigas B un
Bg horizontd (2. tab.). Augsnes tips bitiski ietekmé Ni, Co, B, Ti,
V, Cr, Cu un Mn daudzumu. Svina un barija daudzums augsnes
iluviala un iluviala glejotd horizonta batiski neat3kiras pa augsnes
tipiem. Relativi vairdk visus pétamos elementus, iznemot svinu,
satur velénu podzolaugsne, podzoléta glejota un velénu podzo-
Iéta glejota vai gleja augsne. Sada tendence saistds ar augsnes
mehdniska sastava diferencidciju, jo 3ajas augsnés dominé smil-
$mdls un madismilts, preté€ji smiits nogulumiem paré€jos tipos.
Svina koncentrdciju bitiski neietekmé augsnes mehaniska sasta-
va maina un glejodands procesa attistiba.

Statistiski batiska at3kiriba starp meZa augsanas apstaklu tipiem
iluviald un iluvidli glejotd horizonta vérojama tikai svina koncen-
tracija. Kaut ari starp meZu augSanas apstaklu tipiem augsnes B
vai Bg horizonta pdrejo elementu lieldka koncentracija novéro-
jama damaksni, slapjajda damaksni un véri, relativi augstas ele-
mentu vértibu standartnovirzes viena tipa robeZas nedod iesp€ju
statistiski dro3i apgalvot, ka aug$nu iluvidld un iluviald glejotd
horizonta kimiskas IpaSibas ir ciedi saistitas ar meZa augSanas
apstaklu tipu. Elementu koncentraciju lielas svarstibas viena tipa
ietvaros saistds kd ar augsnes mehdnisko sastavu diferencidciju,
ta ari ar glejoSanas procesa attistibu. K4 jau ieprieks teikts, svina
sadalijumu pa augsnes horizontiem un augsnes tipiem minétie
faktori neietekmeé.

Iegatie pétijumu rezultati rada, ka MaZeiku naftas parstrades
kombinata ietekmes zonas izpété, par piesdrnojumu sorbentu
izmantojot augsni, janem v€ra augsnes tips un mehaniskais sa-
stavs, kas butiski ietekmeé tas dabisko fonu. Tapéc augsnes kimis-
ka sastava kart€3and augsnes lipus grup€jam péc dabiska fona
lidzibas principa (3. a, b att.).

Tépat ka Pleurozium schrebert sina vanadija daudzums augsné
pardda MaZeiku naftas parstrddes kombinata ietekmes zonu.
Vislabak ta izsekojama augsném ar biezu Ay horizontu (P,PT,
PGT). Sajos augsnes tipos, ka ari velénu gleja un glejotas aug-
sn€s paaugstinatas elementa daudzuma vértibas raksturigas vir-
séjos horizontos Vainodes, Embiites, Strak$u, Pampalu, Kurs®u
un Ezeres teritorij (3. a, b att.). Tomér vanadija koncentracija
maksimdld virs€jd horizontd konstat€ta 7D15 parauglaukuma
(73 mg/kg), kas atrodas 26 km attalumad no MaZeiku naftas
parstrades kombinata, podzol€tas glejaugsnes Ay horizonta. Ho-
rizonta biezums — 4 cm. Augsnes mehaniskais sastavs — mals.
Tapéc Skiet, ka augsto vanadija saturu atseviSkos parauglauku-
mos Latvijas pierobeZd nosaka augsnes mehaniskais sastdvs.
Vanadija migracijas un akumulacijas ipatnibu rezultdtd Mazeiku
apkartné novérojamas lielas 33 elementa kopsatura svarstibas,




2. tabula

KIMISKO ELEMENTU KONCENTRACUAS (MG/KG)
VERTIBAS AUGSNES B VAI Bg HORIZONTOS®

Augsnes tips Meza augianas apstakju

lips

PT|PgT | P | Pv | Pg | VG|V [MS|M | H|O

mg kg™

Ni a<0,001 ns
x 82 86 100 180 155 272 73 129 13,6 140 165
s 39 1,9 10 40 44 54 05 56 34 15 34

mg kg™

Co «x<0,001 n.s

x 30 37 37 59 66 83 32 52 47 47 57
s 01 07 02 15 1,2 13 02 22 1,1 05 08

8 a<0,001 n.s
x 23,5 242 251 383 478 46,2 21,2 332 242 324 399
s 21 24 1,1 85 73 55 13 131 11 29 39

Ba ns. n.s.
x 277 346 317 390 339 386 276 319 397 332 346
s 29 45 22 30 19 35 25 47 S5 17 18

Ti a<90,001 n.s.
X 2076 2325. 1927 2611 3859 4181 1677 2097 2130 2658 3339
s 316 263 143 257 680 757 231 387 249 213 485

V a<0,005 n.s.
x 142 303 17,3 439 68,4 865 118 548 29,3 363 49,0
s 1,2 123 L7 169 199 165 12 253 134 71 114

Cr a<0,005 ns.
x 21,6 255 214 390 453 50,7 16,3 349 281 339 344
s 2,1 59 20 108 990 10,1 1,5 168 80 38 54

Cu 1 <0,001 n.s.
X 35 45 43 95 103 95 39 72 65 65 69
s 0,7 07 04 23 18 1,8 03 33 21 07 11

Pb ns. .
x 102 103 94 120 10,0 109
s 12 08 05 22 12 11

«<0,05
105 141 94 103 93
08 28 08 05 07

Mn «<0,05 n.s.
X 160 189 300 571 327 356 279 220 308 424 257
s 19 29 23 192 S6 62 54 61 35 19 27

n= 6 6 23 7 7 9 6 5 9 19 19

*Kimisko elementu koncentricijas (mg/kg) vértibas augsnes B vai Bg
horizontos grupétas pa augsnes fipiem un meZa auglanas apstiklu
tipiem.

Augsnes tipi: PT — tridaini kidraini podzolaugsne, PgT — tridaini
kidraind podzoléta glejotd augsne, P — tipiskd podzolaugsne, Pv —
velénu podzolaugsne, Pg — tipiski podzoléti glejotd augsne, VG —
velénpodzoléta gleja vai glejota augsne.

MeZa aug$anas apstakju tipi: V — Vacciniosa (métrajs), MS —
Myralloso-sphagnosa (slapjais damaksnis), M — Myrtillosa (lans), H —
Hylocomiosa (damaksnis), O — Oxalidosa (véris).

n.s. — nav statistiski bdtiskas atSkiribas starp koncentracijam
parauglaukumos.

Analizéjot augsnes kimiska satdva izmainas Dienvidkurzemé,
varam secinat, ka p€tdmaja teritorija ir loti raiba augsnes sega.

Augsnes mehaniskais sastavs, gleja veido3ands procesa attistiba
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12 0

12 24km

3. anr. Vanadija koncentracija (mg/kg) P, PT, PgT, PGT (a) un Pg, PG,
Vg, VG (b) augidnu virséja horizonti (Ao vai Ag A1).

un augsnes tips butiski ietekm€ augsnes kimisko sastdvu un
elementu migraciju. Loti griti ir izvértét MaZeiku naftas parstra-
des kombinata ietekmi uz augsnes kimisko sastavu. Tas nozime,
ka teritorijas ar daudzveidigu augsnes segas struktiru un relativi
mazu antropogéno piesdrnojumu tradiciondla pieeja augsnes
kimisko elementu kopsatura izpét€ nedod vélamos rezultitus
piesarnota areala indikdcija. [zmantojot elementu kustigas for-
mas, kuru izp€te MaZeiku naftas parstrades kombindta ietekmes
zona ir uzsakta, ir iespéjams precizdk novértét piesarnojuma
radito elementu anomaliju.

Rekognoscéjolie pétijumi Liepajas apkartné paradija, ka Liepa-
jas pils€tas ripniecibas uznémumi vairak ietekmé&jusi augsnes
kimiskos raditdjus nekd MaZeiku naftas parstrades kombinats.
Kaut ari Liepajas apkartné ir smilts.augsne, kuras kimisko ele-
mentu satura dabiskais fons ir daudz mazaks neka MaZeiku
apkartn€, antropogéna piesarnojuma rezultitd daudzu smago
metalu (Zn, Cu, Pb u.c.)daudzums te parsniedz Latvijas Repub-
likas pierobeZas joslai raksturigos augdnu kimiskos raditajus. Lai .
noskaidrotu kopéjo vides piesdrnoiuma situaciju Dienvidkurze-
me, javeic detaliz€taki Liepdjas piesarnojuma avotu ietekmes
aredlu pétijumi.

Darbs veikts -ar Latvijas Vides aizsardzibas komitejas Pétiju-
mu centra finansidlu atbalstu. Autori pateicas kolégiem —
K Kalvislam, I Liepinam, D. Gramai, I Mimiekam un
D. Tjarvem par palidzibu pétijumu loikd.
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THE EFFECT OF THE MAZEIKIAI INDUSTRY ON CHEMICAL ELEMENT CONCENTRATIONS

IN MOSS AND FOREST SOIL IN LATVIA
O. Nikodemus*, G. Brumelis**

Summary

The results of a monitoring survey of pollutants using Pleurozium schreberi moss and forest humus are described. The
spread of elements emitted from the Mazeikiai oil refinery and the Liep3ja metal smelting industry is shown by the
concentrations in these sorbents. The concentrations in humus are largely determined by the natural variation due to
mixing with the mineral soil. '
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HEAVY METAL POLLUTION IN THE PHARMACEUTICAL
MANUFACTURING CENTRE OF OLAINE, LATVIA

*G. Bramelis, **O. Nikodemus

Heavy metal concentrations in the feathermoss Pleurozium schreberi, forest humus and agricultural
~s0oil in the greater Olaine area were mapped. Although much of the area had background levels,
major point sources exist. The concentrations of Cd, Cr, Ni, Pb, V and Zn were highest around the
thermo-electrical power facility (TEC). Cu concentrations were extremely high beside the Biolar liquid
waste containment ponds. High levels of metals occurred in agricultural soils where it is suspected
.that contaminated sludge was used for fertilization, and in gardens watered with polluted surface

water.

Key words: heavy metals, moss, humus, biomonitoring.

INTRODUCTION e
Within the greater Olaine area are located 2 large
pharmaceutical industries, a gelatin manufacturer, a
plastic factory, toxic and domestic waste dumps, a
thermo-electrical power facility and. numerous small
industries (Figure 1). Concern has been raised about the
impact of pollutants on human health. -While some
organic pollutants are monitored regularly in Olaine, the
heavy metal loaa to the environment from local sources
had not been surveyed. In 1992, The Environmental
Protection Committee of Latvia funded a project, which
was conducted by the Faculties of Biology and
Geography and the Institute of Biology, to determine the
sources of heavy metal pollution in Olaine.

Fig. 1. Map —c-)f the greater Olaine area showing the locations of
suspected sources of pollution.

1: Peat industry. 2: Latbiofarm pharmaceutical plant. 3: Plastic factory.
4: Biolar pharmaceutical. 5: Thermo-electrical power facility. 6: Small
metal and wood industry. 7: Gelatin faclory "Vita". 8: Sewage treatment
facility. 9: Solid waste containment (domestic and industrial). 10 and
11: Liquid waste containment ponds

“The feathermoss Pleurozium schreberi was used as a

sorbent to assess the relative amount of heavy metal
emissions in Olaine during the last 3 years. Feather-
mosses are reported to be dependent on wet and dry
deposition for nutrient supply, and therefore concen-
trations in rain arc well correlated to those in moss
samples [1]. Recent surveys of Nordic Europe used this
moss, which allows a comparison with background levels
elsewhere [2; 3]. Natural variability in concentrations is
minimal when compared with that due to typical
anthropogenic effects [4]. The Olaine area has abundant
wet and dry pine forests and wooded parks where
P. schreberi may be collected. This moss has not pre-
viously been used to monitor pollution in cities, simply
becausc it is not usually found in urban environments.

The forest humic horizon was analyzed. for metals to
determinc the metal load overa long time period.
Concentrations in agricultural soils were used to identify
possible threats to human heaith from food contamination.

MATERIALS AND METHODS

Pleurozium schreberi samples (3 replicates) were collected
in a 40 m x 40 m area in each of 22 pine stands or city
parks. Moss was cleaned from litter and debris, and the
last 3 years of growth were removed for analysis. Samples
were dried at 40 degrees C, ashed at 500 degrees C for 4
hours, and redissolved in 1N HCI. The surface organic
horizon was collected in 56 pine stands, and agricultural
soil from 52 farms and gardens. - Soil samples (agri-
cultural and forest soils) were air dried, sieved (1 mm)
and ashed at 450 degrees' C for 4.5 hours. If not
completely ashed, samples were wet ashed in boiling

* Faculty of Biology, University of Latvia: Kronvalda bulv. 4, Riga, LV-1842 LATVIA
** Faculty of Geography, University of Latvia: Alberta ield 10, Riga, LV-1010 LATV1A
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nitric acid. Ash was redissolved in IN HCL, and filtered.

-V was determined ‘spectrophotometrically following

Rigkis (unpubl., Institute of Biology, Latvia). The
concentrations of Cd, Cu, Cr, Ni, Pb and Zn were
determined using atomic absorption spectrophotometry
at the Institute of Biology and the Faculty of Chemistry.

RESULTS AND DISCUSSION

In general, much of the Olaine area had background
concentrations of metals in Pleurozium schreberi, similar
to those of southern Scandinavia and Latvia [2; 4]. The
spatial distribution of concentrations of V, Niand Cu in
moss-are shown .in Figure 2a,b,c. These 3 elements are
chosen as “examples which best show the point sources
of pollution. High levels of emissions are localized at
major point sources of heavy metal pollution. Figure 1
shows the locations of possible heavy metal emissions.

Common concentrations of Cuand Ni in the background
area of Olaine are 4-8 mg/kg and 2.4 mg/kg, respectively
(Figure 2a,c). These Cu concentrations compare with
background levels in southern Sweden [2], but Ni con-
centrations are slightly higher. However, V con-
centrations are all above 6.3 mg/kg (Figure 2b), when

background concentrations are below 4 mg/kg. Around

the thermo-electric facility (TEC), the concentrations of

Co, Cu, Cr, Fe, Ni, Zn and V were mcreased Vanadium
"concemranons in this area exceeded background levels

347

Fig 2. Concentrations (mg/kg) of Cu (a), Ni (b) and V (c) in Pleurozium
schreberi in the Olaine area. The circle diameters are proportional to
the concentrations
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by a factor of 19 (Figure 2b). V is a common combustion
product of fossil fuel, and oil may contain 110-150 mg/kg
[5]. Thus, the source of this V, and the remaining ,
elements is likely the TEC.

Ni concentrations were also moderately higher around
the waste dumps in the northern area of Olaine (Figure
2¢). The waste here is from both domestic and industrial
sources and is burned regularly, explauung the mechanism
of emission.

Another surprising heavy metal source was indicated by
the extreme Cu concentrations beside the liquid toxic
waste containment ponds (Biolar) in the most northerly
part of the surveyed area (Figure 2a). Cu is a common
ingredient of reagents used in the pharmaceutical
industry. The mechanism of input of Cu to the moss is
uncertain and may occur by the following: (1) aerosols

‘during dumping of waste, (2) spillage or flooding, or (3)

leakage in surface underground water and input to moss
via a soil - roots - tree stem - tree canopy - leaching from
pine needles pathway. At present, the internal cycling
mechanism via the tree canopy seems most likely. If true,
then contamination of the ecosystem has occurred.

The concentrations of most elements in the surface

‘humic horizon of forest soils are highest in the city centre

close to the TEC, and moderately high around the waste
dumps (toxic and domestlc) in the north part of the
greater Olaine area. For example, the concentrations
of Cu and Ni are presented in. Figures 3a,b. The
concentrations in forest humus are more variable than in
moss, indicating the higher natural heterogeneity. The
city centre has both high and .low values. -Surface
soils are dependent on factors other than anthro-
pogenic emissions, such as biotic mixing of litter with
mineral soil, variation in the natural content of clay
particles, leaching to lower honzons, and differences
in soil density.

Fig 3. Concentrations (mg/kg) of Cu (a) and Ni (b) in forest humus in
the Olaine area. The circle diameters are proportional to the
concentrations
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Fig 4. Concentrations (mg/kg) of Cu (a) and Ni (b) in agricultural soil
in the Olaine area. The circle diameters are proportional to the
concentrations

The distribution patterns of Cu and Ni in agricultural
soils (Figures 4a,b, resp.) differ from those of forest
humus. Besides the high concentrations in the city
centre, elevated levels also occur in agricultural horizons

in the south part of Olaine. Here it is possible that.

contaminated organic sludge from the nearby sewage
treatment facility was used for fertilization of crop land.
Without the separation of domestic and industrial
sewage, the generated sludge in waste treatment is not
suitable for fertilization. Also, high concentrations of
Cu and Ni occurred in garden soil just north of the city
centre. Here, the surface water used for watering may be"
contaminatéd. These higher concentrations of elements
in agricultural soil may pose a health risk. A need exists
for analysis of produce grown in these two areas. :

Received March 24, 1993

In summary, the use of both moss and soil has allowed
the assessment of both deposition of metals fromsaerial
sources, as well as contamination from suspected ground-
water sources and waste. The major sources of metal
deposition are the TEC, the toxic waste containment
ponds, solid waste dumps and, possibly, the use of
contaminated sludge and surface water for fertilization
and irrigation, respectively.
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ENVIRONMENTAL ASSESSMENT IN LATVIA:
OVERVIEW OF PAST RESEARCH
AND FUTURE PERSPECTIVES

Valdis Balodis, Kdrlis Kalviskis, and Kamils Ramans, Dept. of Botany &
Ecology, University of Latvia; Imants Liepa, Dept. of Silviculture, Latvian
University of Agriculture; Guntis Britmelis and Ilze Magone, Institute of Biology;
Olgerts Nikodemus, Dept. of Environmental Protection, University of Latvia

Introduction

This article is a brief summary of the results of studies by a
multidiscliplinary group of scientists working in environmental sciences and
representing six faculties and institutes. A few years ago we realized the need for
environmental assessment throughout Latvia, since the political sitvation had
limited individual studies of the environment to specific problems in limited
areas.! We first used phytoindicative mapping (tree damage surveying) to assess
environmental quality. Subsequently, our superimposing epidemiological,
ecoepizoological and dendrochronological data on the tree damage surveys
persuaded us of the need for further work in affected areas.

The causes of environmental degradation in Latvia are determined by abiotic
and biotic multifactor approaches. We mapped atmospheric deposition by using
moss, lichens, pine needles and pine bark as bioindicators. In specific areas, we
conducted tree ring studies to attain a retrospective analysis of changes after the
initiation or withdrawal of an environmental factor.

Our work focused on the development of new methods for biogeoindication
surveys and "finetuning" of existing methods with the goal of developing an
adequate biogeoindicative environmental assessment system based on ecosystem
effects that would allow the determination of allowed levels of overall
anthropogenic load. This would permit scientists to depart from the standard use
of allowed levels of individual chemicals—which does not predict the
environmental effects from the combined wide spectrum of pollutants existing

today. :
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~  Bioindicative Assessment of Environmental Quality

Our assessment of environmental quality was conducted using existing
nalural systems, which most precisely shows the integraled response to multiple
environmental factors and can be quantified. Species from all taxonomic groups
may be used for bioindication. However, plants are the simplest for data
collection and are thus used most often. We assessed environmental quality by
using tree damage surveys of foresl stands with minimal forest management,

We then tested various response parameters of trees to stress in order to
describe the real situation, in areas both with background levels and inlensive
human impact. The parameters we used in Latvia for our surveys were: necrosis
of pine needles, necrosis of birch leaves, tree apex deformations, plant fumorous
growth and nonadaptive changes in plant growth. We sampled the territory of
Latvia using a 18 km X 18 km grid during 1988-1900 (Magone et. al., 1992) and
classified the surveyed sites into seven phyloindicalive classes to describe the
cumulative effect of abiotic factors (fig. 1). Classes 1-2 best describe the existing
background levels of Latvia. Class 3 occurs in agricultural regions. Areas in class
4 have decreased vitality of plants and distinct coniferous tree damage. Sampling
arcas described as classes 5-7 suffer from higher intensities of anthropogenic
impact and the sources should be reocgnized as having a significant effect on the
environmen!. Areas in class 7 should be considered to suffer from negative
factors that may affect human health,

Figure 1. Tree damage survey. Phytoindicative classes. 1-4 background to
low impact; 5-6 moderate impact; 7 high amount of damage.’
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The best environmental quality is in castern Latvia. The most stressed regon
is southwest Latvia which is suvjected to degradation from a number of possibbg
sources, including the Mazeikiai oil refinery in Lithuania, the Liepaja mectal
smelter, and numerous army bases such as the Vainode Russian airforce basc and
the Skrunda super-radar. The coastal region of western Latvia is also affected,
but access 1o that area has been almost impossible due to the gestrictions
connected with the numerous military facilities. South central Latvia is less
stressed but affected. In north central Latvia, stressed regions are found around
the Lielvarde and Gulbene airforce bases, as well as in the Madona area.

Once we delermined generally which areas of Latvia were affecled, we
began further studies to determine if other bioindicative methods would give
similar results. We used methods which could be best applied for the estimation
of impact on human health. For example, epidemiological and ecoepizoological
research in western Latvia revealed that dcaths among newbom children
increased from 1.0% in 1967 to 1.8% in 1988 in the coastal region. Considerable
forest damage was also observed in this region. No slatistical significant
differences occurred in other regions. This docs not imply that human health in
regions other than the coast is not affected, since the variation due to other
factors in epidemiological studies is usually extremely high.

Ecocpizoological methods are more suitable for assessment since variation
from factors other than pollution may be standardized. For example, livestock
live under more controlled conditions (standard diet, less social stress, etc.) than
humans. Figure 2 shows the results of a survey of respiratory illness in cows
during 1969 to 1989 in (wo rcgions of western Latvia: Saldus (close to the
Mazeikiai oil refinery) compared with a control area at Kuldiga. Breathing
problems in Saldus increcased in 1980, which coincidcs with beginning of
operation of the Mazeikiai oil refinery. No increase was indicated in the control
area. Further work will involve expanding this type of research to other regions,
and determining the mutagenicity of environmental factors.

Figure 2. Respiratory Illness. R=ratio of affected cows.




= Mapping of Atmospheric Deposition -~

We mapped the regional deposition of heavy metals in Latvia using the
moss Sphagnum magellanicum (Nikodemus 1992) and determined the
concentrations of 22 elements by using atomic absorption spectrophotometry and
neutron activation. The highest concentrations were found in the southwest
(similar to the tree damage surveys) and Riga. As part of an intemational survey
involving Norway, Sweden, Denmark, Iceland, Russia, Estonia, Lithuania and
Latvia, heavy metals were mapped using the mosses Hylocomium splendens and
Pleurozium schreberi (Ruhling et. al., 1992; Brumelis et. al., 1992). These
mosses are most suitable for bioindication, since they accumulate most metals,
minimally translocate melals, and have incremental growth allowing an integrated
sample of 3-5 years of deposition. The results indicated that, except for vanadium
and zinc, Latvia has background levels of metals throughout its territory similar
1o those found in rural central and southern Scandinavia. The concentrations of
most metals in Latvia do not reach the high levels found in industrial cities of
Northern Europe, including the neighbouring Baltic republics. In comparison, the
oil shale buming region of Narva in Estonia does have deposition similar to the
highest levels in Sweden. However, local point sources are noticeable in Latvia.
For example, figures 3 and 4 show the distribtuion of lead in Latvia and
Northern Europe, respectively. The resolution is improved when a smaller
territory (Latvia) is considered. Background lead concentrations in Latvia, similar
to other surveys, are higher in the southwest as well as around the dense traffic
network of Riga (figure 3). The pattern of international distribution indicates that
superimposed on these local sources is deposition from long range transport from
central Europe (figure 4; reprinted from Ruhling et. al., 1992). Generally, the
concenlrations of lead decrease towards the north.

Figure 3 Distribution of Lead Concentrations (mg/kg) in Hylocomium
splendens in Latvia,




Figure 4. Lead concentrations (mg/kg) in moss (Hylocomium splendens ana

Pleurozium schreberi) in Northern Europe (reprinted from Ruhling et. al. -
1992).




Extranely high levels of vanadium and zinc occurred locally in-Latvia.
Vanadium is a common pollutant of oil and coal combustion. Since large
thermoelectrical plants in Latvia utilize this fuel source, vanadium concentrations
were highest close to large cities. The zinc concentrations close to the Liepaja
metal smelter were similar to those around the largest metal smelting areas in
Scandinavia. Although the steel industry in Liepaja is relatively smaller,
evidently the control of emissions is minimal.

Geochemical Research

Nationally, geochemical soil surveys have not been conducted, due to the
great variety of soil types found. The natural variation in concentrations is
extremely high. Extensive geochemical surveys have been conducted in the
coastal cities of Riga, Jurmala and Ventspils. Here, the soils are, for the most
part, typic podsols. Thus, the variation in concentrations can be mostly attributed
to anthropogenic effects. The highest concentrations of metals were found in the
central part of Riga, which is surrounded by industrial regions and has the
highest density of traffic (figure 5). The variation in concentrations was much
higher in Jurmala than Riga, since the spread of pollutants in Riga is more
uniformly dispersed. The highest metal concentratioans in soil in Jurmala are
around the Sloka pulp and paper mill and local coal fired boiler houses. Further
geochemical research involves the investigation of the flow of metals through the
soil horizons and a survey of deposition from the biochemical industry at Olaine.

Figure 5. Lead concentrations
{mg/kg) in surface soil
(10 cm depth) in Riga.




Skrunda Super-Radar

A serious source of environmental degradation in southwestern Latvia is
electromagnetic radiation from the Skrunda super-radar. This Soviet army radar
installation has been in operation since the 1970’s for strategic defence against
nuclear attack. The four stations of the Skrunda radar have* emitted
electromagneltic radiation for over 20 years in the radiowave band (wavelcngth
2m) in impulse regime (25 Hz impulse frequency with a power of 1.3 MW). The
fifth radar station was under construction and scheduled to begin operation in
1993, If permissible levels in eastem Europe are used as a base for comparison,
the electromagnetic radiation from these sources do not exceed allowed levels.
However, the permissible levels were designed for constant radiation sources, not
for impulse emitlers. These levels of electromagnetic radiation have not been
tested to determine long term effects on organisms. Local residents have voiced
concern over a number of endemic illnesses.

We began our investigation of the effects of the radar emissions in 1990,
using tree ring growth as a bioindicator because trees have a huge assimilating
surface and a several hundred square meters of actively dividing exposed cells.
Since a decrease in tree ring width indicates a lower growth rate, we could easily
determine a chronology of past growth. We set up sample sites around the
Skrunda radar and at control sites. Within plots, we used tree corers to sample
all overstorey pines and measure the annual increments, then tested the statistical
significance of temporal trends. We determined the differences in wood
production after the beginning of operation of the radar by using cumulative
increment width and the change in cumulative incremental volume per ha. Figure
6a shows the incremental growth of pine trees at the control sites. No significant
differences in tree growth over time were indicated. However, in the direct zone
of electromagnetic radiation exposure (figure 6b) the trees have decreased their
incremental growth since the 1970s. Cumulative incremental growth of wood
decreases the closer the samples were to the radar.

We investigated the reasons for the decrease of growth in the direct path of
radiation by using multi-factor analysis. Regression analysis tested the
relationship between the change in cumulative increment width as a dependent
variable against all measured environmental factors (over 50 parameters). We
determined signilicant negative correlation between the electric field strength and
the increment width, but found no significant relationship between the change in
increment width and other environmenial factors (such as metal concentrations,
moisture, forest ecolype, elc.).

Thus, for the first time the effect of electromagnetic radiation on pine radial
growth has been demonstrated, thanks to a combination of the method chosen for
the analysis and unique featurcs of this radar: 1. the radar has been in operation
for a long time; 2. the impulse mode of the radar; 3. the radar is built in an
inhabited region allowing access; 4. the radar was hidden in a valley and the
slopes of the hillsides are exposed to direct radiation.



Figure 6~Change in the annual tree ring width relative to a contzpl time
period. D =In (Wp/Wc); Wp = annual increment width in plots;

We = annual increment width in control. Normal growth is thus set at D=0
and negative values indicate a decrease in tree growth.
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Normally such radar instaliziions are built on high ground in order to permit
a wider horizon, but in this case the Soviet army was preoccupied with secrecy.
The construction of a new radar sile at Skrunda was slopped bul lhe radar
stations which we have studied are scheduled to continue operations. The Russian
army does not plan 10 slop operations in the Baltic slales, and is not willing (o
include this base in the negotiations with Latvia conceming troop removal.

Since the major portion of the military training grounds are presently in the
process of being returned to Latvia, the exlent of pollution is not yet known, We
anticipate problems with unexploded bombs, waste dumps, and the leakage of oil
and petrol into the groundwater. However, it would be hasty to talk about
rehabilitation at this point. Funds available to the Environmental Protection
Committee of Latvia, which initiates all environmental regulation, are
undersiandably limited at this moment. More impontantly, unlil research groups
undertake site inventories, no reasonable program can be drawn up. There is
hope for a Swedish grant for military land recultivation.

In sum, the close connection between past military activities and
environmental impact is as clear in Latvia as elsewhere. Consequently, remedies
to the problem require both further studies on the part of Latvian scientists and
a greater willingness on the part of the Commonwealth of Independent States to
acknowledge the origins of the problems.
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CIVIC AND ETHNIU MUDERLS Ut vatfoa o oe -

Raymond A. Smith, Columbia University

Among the many gerrymandéred borders, ethnic enclaves, geographic
anomalies, and conlested territories to be found in the formerly Communist areas
of Europe, the Kaliningrad region of the Russian Federation may well be the
most geographically, juridically, and demographically unusual. Although the
status of the region as part of Russian territory seemed settled during the Cold
War, the demise of the Soviet Union has reopened the debate over the region’s
ultimate disposition. Apant from conventional arguments for incorporaling the
region as part of the Russian Federation, the Republic of Lithuania, or the
Federal Republic of Germany, a variety of novel approaches to resolving the
matter have been suggested. In the end, however, the result will probably depend
upon the degree to which Russia, Germany, and Lithuania gravitate loward
"civic" or "ethnic” models of nationhood as part of their ongoing reconstitution
as fully sovereign staltes.

The Contemporary Situation

A territory of some 15,000 square kilometers, the Kaliningrad region
borders Poland on the south, Lithuania on the east and northeast, and the Baltic
Sea on the west. Although technically an oblast of the Russian Federation, the
region shares no border with Russia proper; in fact, overland access from Russia
can only be achieved by crossing the temitory of either Lithuania and Belarus or
Lithuania and Latvia. This creates a number of logistical problems, particularly
the maintenance of "right of way" agreements for Russian commercial, civilian,
and most importantly military traffic across the sovereign territory of other
former Soviet republics.

The oblasl became part of Soviet/Russian territory for the first time in
1945, when it was placed under Soviet administration as a result of the Potsdam
Conference. Before 1945, the region had no significant population of Russians
or other Slavs and had never been directly ruled by Slavs. Rather, for almost 700
years prior 1o 1945, the area then known as Samland was under German control,
most recently forming the northem half of East Prussia. Prior 1o the
establishment of German power around the year 1250, the region had been ruled
by "Old Prussian” tribes closely relaled ethnically to Lithuanians, and until 1945
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The Spatial Dynamics of Atmospheric Pollution in
Latvia and the Baltic Republics, as Measured in
Mosses, Topsoil and Precipitation

Nikodemus, Olgérts, University of Latvia, Faculty of Geography, 10 Alberta lela,
Riga LV 1010, Latvia;

Brumelis, Guntis, University of Latvia, Faculty of Biology, 4 Kronvalda lela, Riga
LV 1842, Latvia

ABSTRACT:

Atmospheric pollution in the Baltic countries of Estonia, Latvia, and Lithuania has been
mapped using measurements of pollutant concentrations in mosses, topsoil and precipitation.
Air masses from western Europe deposit industrial pollutants in the Baltic region and
concentrations depend on meteorological conditions. Superimposed on this background is
the pattern of deposits from local sources. Large areas receive neutral to basic precipitation
due to cement industries and fly ash emissions from fossil fuel combustion. The burning of
oil-shale in NE Estonia results in precipitation with pH values over 70, and high
concentrations of V, Fe, and Cd. Heavy metal concentrations in the topsoil around large cities
indicate ecologically unsound city planning and insufficient control of pollutants. The

Chernobyl effect in the form of radioactive deposition depended on rainfall events during the

accident.

Introduction

During the past 10 years, regional and local surveys of
pollutants have been conducted in the Baltic countries of
Estonia, Latvia, and Lithuania. Unfortunately, due to
Soviet policy, most of the surveys completed before 1990
were not published. The poliutant concentrations in airand
precipitation have been determined sporadically or
continuously, at only a few sites. Surveys using
biomonitors, such as mosses and lichens, have been
favoured due to cost and time efficiency. These living
organisms accumulate pollutants, and a one-time
collection allows the determination of cumulative loads, as
opposed to continual collection of precipitation samples.
The concentrations in plant material are correlated with
deposition, only if the plant species is dependent on direct
nutrient input from precipitation, and if absorption and
retention of pollutants is high. The feathermosses
Hylocomium splendens and Pleurozium schreberi are
reported to be the most suitable (Folkeson 1979), but
efficiency factors of “uptake” vary between elements (Ross
1990).

The only pollutant survey including all three Baltic
countries was conducted in 1990 using the feathermosses
Pleurozium schreberi and Hylocomium splendens (Ruhling
et al. 1992). A total of nine northern countries participated
in this survey, including Norway, Sweden, Finland,
Denmark, Iceland, Russia, Estonia, Latvia, and Lithuania.
Using a uniform method with intercalibration, the
interpretation of results allowed the determination of
background levels, long-range transport, and major sources
of atmospheric deposition. These results could then be
compared with otherlocal and small-scale regional surveys.

Surveys of heavy metal deposits in topsoils also have
been conducted. While moss samples provide an
integrated sample of three to five years of deposition.
concentrations in soils may be better representative of
long-term supply. In the Baltic countries, with rapidly
changing economies, the effect of past pollutant loads
must be considered. However, the background variation in
the concentrations of metals in soil is much higher than in
plants. Differences in soil bulk density, amount of clay
particles, organic content, and methods used in extraction
result in a high natural variation in concentrations ot
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elements - as high as that due to anthropogenic loads
(Brumelis and Nikodemus 1992). However, if measurement
of anthropogenic variation is adequately separated from
that of other sources, this method is usefull. Surface soil
concentrations have been shown to be correlated with
deposition (Sajet et al. 1990).

The deposition of pollution is highly dependent on
meteorological conditions. Influenced by the Baltic Sea,
the Baltic Republics have a transitional maritime to
continental climate. Numerous moist air masses (120-140
annually) from the Atlantic Ocean move eastward across
the Baltic Sea, supplying the Baltic countries with
abundant precipitation (mean 600-650 mm/year).
Precipitation events may occur every other day (175-185
days/year) and approximately 70-75% of the precipitation
falls as rain. The western slopes of highlands receive more
preciptation (800-850 mm/year).

Southwesterly winds dominate, totalling 20-23% of all
winds (Fig 1A). Southerly and southeasterly winds
dominate along the southern coast of the Gulf of Riga and
Southeastern Lithuania. During summer and the beginning
of autumn, westerlies dominate. Dividing the wind

A

Wind direction in the Baltic republics.

A) Windroses indicate the frequency distribution of wind
direction in various locations. The sector size indicates
the relative number of winds. For example, the NNW
sector depicts winds from the NNW.

B) The percent of air masses passing over the Preilu
Meteorological Station (Lithuania) by direction. Sector
1 depicts winds from the NW. (Modified from Sakalis
and Kvietkus 1989).

Fig 1

direction into sectors at the Preilu meteorological station
in Lithuania, it is evident that most of the air masses move
from the NW to SW (Fig 1B; Sakalia and Kvietkus 1989).
These winds carry pollutants from the industrial SW and
central Europe, as well as Scandinavia.

Background Levels and Long-range Transport of Pollutants

The background concentrations of heavy metals (Cd,
Cr, Cu, Fe, Ni, Fb, and Zn) in feathermoss in the Baltic
republics are similar to S and central Scandinavia (Ruhling
et al. 1992). Cd, Cr, Cu, Pb, V, and Zn concentrations show a
weak to strong S-to-N gradient in background levels.
Higher concentrations occur in the S. In addition, higher
Cr, Cu, Pb, and Zn concentrations are found in W
Lithuania and Latvia. This pattern is best shown by the
distribution of Pb concentrations (Fig 2; Ruhling et al.
1992), and is consistent with the model of long-range
transport from industrialized Central and western Europe.
The pattern of metal concentrations of Sphagnum species
in Estonia has also been explained by trans-boundary
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Fig 2

Pb concentrations (mg/kg) in
feathermaoss in the Baltic countries
and adjacent areas. E-Estonia, F-

Finland, L-Latvia, Li-Lithuania, N-

Norway, R-Russia, S-Sweden.
{Modified from Ruhling et al. 1992)

transport from Central Europe and Scandinavia
(Jevdokimova et al. 1986).
Using a finer scale of data representation,

concentrations in Sphagnum magellanicum were observed
to be higher on slopes of the highlands exposed to
westerlies in Latvia. Concentrations of Pb are up to two
times higher on the western and northwestern slopes of the
Vidzeme Highlands, as compared to the highland tops (Fig
3). These slopes, beginning along the Gulf of Riga, are the

first to receive incoming precipitation from the west. In W
Latvia, westernmost slopes of the uplands have higher
concentrations than do slopes inland, but local point
sources complicate the pattern here. Apparently, the
presence or absence of a slope effect is due to an
interaction between the altitude of highlands, differences
in precipitation, the prevailing wind directions, location
relative to the wind direction, as well as the concentrations
of pollutants in precipitation. Despite the relatively low
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Fig 3

Pb concentrations (mg/kg) in
Spagnum magellanicum in Latvia.
The highlands are shown.
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Na concentrations in Sphagnum
magellanicum in Latvia. Mean
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altitude of highlands in Latvia (mostly less than 200 m),
they do cause differences in the amount of precipitation,
which seems to affect deposition of pollutants.

The background concentrations of Na and Br in
Sphagnum magellanicum are higher along the coasts of
Latvia as well as in areas with more precipitation
(Nikodemus 1990). For example. Fig 4 shows the
distribution of Na concentrations in Latvia. The

concentrations are determined by the distance from the sea
and the amount of precipitation. In areas of precipitation
less than 700 mm/ year, high concentrations of Na (over
0.71 g/kg) occur only along the coast. Air masses moving
east across the Baltic Sea become enriched with these
maritime elements which are subsequently deposited in
Latvia. A similar pattern occurs along the western
Norwegian coast (Steinnes el al. 1992).
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Fig 5

V  concentrations (mg/kg) in
feathermoss in the Baltic countries
and adjacent areas. E-Estonia, F-
Finland, L-Latvia, Li-Lithuania, N-
Norway, R-Russia, S-Sweden.

(Modietied from Ruhling et al. 1992)

Regional Patterns

The deposition of pollutants at ground level is
determined by the interaction between ambient natural
concentrations, long-distance transport, maritime-derived
loads, local topography, wind direction, precipitation, and
local sources. The effect of major point sources and areas
with high densities of small industries is superimposed on

a large scale pattern of variable background levels. In the
Baltic countries, NE Estonia has the highest levels of
locally-derived pollutants. The major point sources here
are the Narva and Kohtla-Jarve thermal-electrical power
facilities which utilize oil-shale, as well as the Kunda
cement factory (Ruhling et al. 1992; Kallaste et al. 1992)
This area has high concentrations of Cd (> 0.8 mg/kg). Fe
(> 4000 mg/kg) and V (> 14 mg/kg: Fig 5. Ruhling et al.
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Fig 6 V concentrations (mg/kg) in feathermoss in SW Latvia

1992) in feathermoss. In Lithuania, the Vilnius and Kaunas
areas have high levels of Cd. Pb, and V (Fig 5) due to
numerous small-to-large industries and oil and coal
combustion. The MazZeikiai oil refinery in NW Lithuania,
largest in the E Baltic region, emits V in amounts typical of
major point sources in Scandinavia (& 14 mg/kg in
feathermoss, Ruhling et al 1992,). The nearby Naujoji-
Akmene cement industry adds Cr pollution > 12 mg/kg in
feathermoss; Ruhling et al. 1992) to the region.

The deposition zones of MaZeikiai and Naujoji-
Akmene extend into Latvia. Maximum concentrations
along the border near MaZeikiai are 9.5 and 9.0 mg/kg forV
(Fig 6) and Cu, respectively, in feathermoss (Brumelis
unpubl.). Another suspected source of heavy metals close
to the Mazeikiai deposition zone in Latvia is the Vainode
Russian Marine Air Force Base (evacuated in the spring of
1993). Higher concentrations of Cd (Fig 7) and Ni reaching
1.7 and 10.0 mg/kg are found in the organic soil horizon of
forest soils under the flight paths of airplanes (Nikod€émus
unpubl.). Cd levels here are lower than those around
MaZeikiai, but the deposition zones do not appear to
overlap. The metallic alloys of airplane engines are high in
Cd and Ni, and it is believed that these two elements are
most susceptible to liberation by the extreme corrosive
action of jet fuel (Eberhards, pers. comm).

The metal industry in Liepaja is the most important
point source of heavy metals in Latvia, resulting in
extremely high amounts of Zn (136 mg/kg; Fig 8) and Cd
(1.2 mg/kg), and increased levels of Pb (28 mg/kg) and Cu
(1.5 mg/kg) in feathermoss (Brumelis unpubl.). Zn
concentrations remain high, 40 km E of the source (123
mg/ kg; Fig 8). Zn concentrations approach those reported

Fig 7 Cd concentrations (mg/kg) in forest surface soil in SW

Latvia

mBrocéni

Naujoji
Akn{e]ne .

O<40
 40-60
& 60- 80
& 80-100
® >0

Fig 8 Zn concentrations (mg/kg) in feathermoss in SW Latvia

to affect species composition of forests (170-190 mg/kg,
Folkeson et al. 1988). The area around Liep4ja also had the
highest Cd and Zn concentrations in surface soil (1.5 and
185 mg/kg, respectively, in southwestern Latvia
(Nikod€mus, unpubl.).
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Fig 9

Acid and alkaline precipitation.

A) The pH of snow in Latvia (1986). A
From Berina and Kalvina (1990)
B) Ca concentrations (g/kg) in
Sphagnum magellanicum moss in
Latvia.

Acid Rain Versus Alkaline Pollution

The mean pH of precipitation falling in Latvia in 1986
was over 6.5 (Berina and Kalvina 1990). Fig 9A shows the
pH values of snow in Latvia in 1986/87. The pH of snow in
most of E and NW Latvia was less than 5.5, but was neutral
to basic for much of the remaining area. At the same time,
in 1985, the pH of precipitation at the Preili Meteorological
Station in W Lithuania was 3.8 to 4.4. This suggests that the
prevailing SW air masses entering Latvia are acidic but
become neutralized by local sources. The area in SW Latvia
around the Broceni and Naujoji-Akmene (Lithuania)

cement industries received snow with pH values greater
than 7.0. It is likely that these point sources of alkaline
pollution neutralize incoming acid rain from the more
industrialized areas of Europe. This is substantiated by Ca
concentrations in Sphagnum magellanicum (Fig 9B), which
are related to the pH of precipitation. In Latvia the highest
levels of acidity in precipitation are associated with the
Central Vidzeme, Alliksne, and Latgale Highlands (Fig 9B).

A similar pattern occurs in Estonia. While most
precipitation is neutral to basic (pH over 5.6), it is lower
than 5.2 on the Vislandi Island (close to the W coast of
Estonia), an area without pollution sources (Kallaste et al.
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Fig 10V concentrations (mg/kg) in surface soil in the city of Riga

1992). The pH level here is also highly dependent on wind
direction, with the most neutral precipitation coming from
the N. This was explained by trans-boundary acid rain from
Scandinavia, the former USSR, and Central Europe
(Kallaste et al. 1992).

The use of fossil fuel combustion for thermal and
electrical power production in the Baltic countries strongly
affects the acidity of precipitation, which is determined by
the relative proportions of suifate and calcium ions. Oil
shale combustion in NE Estonia results in emissions with
similar concentrations of sulfate and calcium ions. Hence,
the pH of precipitation around these sources is above 7
(Kallaste et al. 1992). The Baltic countries, as recovering
nations, are concerned with obtaining inexpensive coal
and oil. Therefore, the issue of fossil fuel, high in sulfur,
has not been raised. Large boiler houses in the major cities
have deteriorated rapidly and operate without control
devices for fly ash and gases. The widespread domestic use
of coal for home heating also contributes to poliution at
the local level. Currently, there is a tendency to convert
from the use of imported coal and oil combusted in out-
dated facilities, to a new economical technology based on
locally available fuel, such as wood, peat, and waste. This

Fig 11  Cu concentrations (mg/kg) in surface soil in the city of

Ventspils. The chemical storage facility and industrial zone
are shown.

will likely decrease pollutant loads into the environment in
the future.

Large Cities

The major Latvian cities, Riga and Ventspils, have been
surveyed for total heavy metal contents of surface soil
(Nikodemus and Ramans 1990 and unpubl. data). The soils
of Riga are generally podsolized sands formed on dunes of
the Baltic Coastal Plain. Natural concentrations are fairly
uniform. Wetland soils are found between dunes. On the
periphery of Riga the soil structure is natural, but in the
urbanized city core it is highly altered. Mapping of the
metal concentrations reveals poor city planning in terms of
environmental health. The city centre, with a high traffic
density, is surrounded by a ring of industries, built for the
most part in the 1950s to early 1970s. Regardless of the wind
direction, the centre thus receives emissions from the
industrial zone. During periods of no wind, the emissions
remain in the heated centre. As a result, the concentrations |
of metals (Cu, Cr, Mg, Ni, Pb, Zn, and V) in topsoil are
highest in the centre, and normally 10 to 15 times the
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Fig 12
B7Cs concentrations (Bg/kg) in
Sphagnum magellanicum moss in
Latvia.
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background levels. For example, the V concentrations are
shown in Fig 10. V is emitted as a result of fossil fuel
combustion. High concentrations are due to a large
thermal-electrical power facility in Skirotava, and smaller
domestic and industrial boiler houses. Concentrations of V
in the city centre are above 60 mg/kg in surface soil (Fig
10), compared with background levels of 13 to 25 mg/ke.

Historically, coal slag and ash from city homes was
deposited on roads. This past practice in Riga also may
have affected current concentrations of metals in soils. In
suburban and rural areas of the Baltic countries, coal waste
is still routinely spread along roads.

Under Soviet rule, high density housing projects were
built around the industrial zone. Numerous gardens for
domestic produce are located in both the industrial and
peripheral residential zones. In the Baltic countries these
private gardens are an important source of food.
Unfortunately, since they are perceived as a requirement
for survival, health risks are ignored at all levels.

Ventspils, located on the W coast of Latvia, is a major
port for the export of oil, ammonium, potassium salt,
methanol, acrylonitrile, and other hazardous chemicals.
Exports of oil and potassium salt passing through Ventspils
in 1989 amounted to 35 and 1.7 million t, respectively
(Grinbergs 1889). The period of instability in trade
relations with the E during the breakup of the USSR meant
that these exports decreased, but they are again gradually
reaching previous levels. Despite the flow of these
hazardous chemicals through the city, the levels of heavy
metals in soils around the oil and chemical storage facility,
as well as the N area, are lower than in the industrial zone
and city centre. Except for one collection site, all soil

samples were relatively low in Cu around the storage and
loading area (Fig 11). The abundant brisk northwesterlies in
Ventspils likely carry pollutants away from the city core and
port.

However, trees in the Ventspils centre are visibly
damaged (Balodis 1989). K concentrations were increased
in this area and reached 1.08 mg/m? in the air in 1988.
Previously, the potassium-loading terminal was not
contained and K dust was freely blown eastward by the
prevailing wind. It is believed that much of the tree damage
was caused by high levels of K. This problem was alleviated
in 1991 by simply containing the K terminal by walls and a
roof and granulating the salt before export.

The Chernobyl Effect

The meltdown of reactor 4 at the Chernobyl Nuclear
Power Station occurred on April 25-26, 1986. The initial
radioactive cloud moved across Byelorussia, the Baltic
countries, and Scandinavia. The highest levels of radiation
in Lithuania, Latvia and Sweden were registered on April
28-29 (Lujanas et al. 1989; Gavars and Reinholds 1990;
Persson et al. 1986). Due to different methods used for the
determination of radioactive fallout. comparison between
the different countries is not possible. The concentrations
of radioactive isotopes in plants and soil were mapped to
assess the deposition of radioactive elements after the
accident. In Lithuania, the most affected area was the W
and SW. The concentration of “’Cs in spruce needles was
260 Bqg/kg in SW Lithuania, compared with 93 Bq/kg in the
central area. Respective concentrations for these two areas



80

were 240 and 42 Bq/kg in pine needles and 220 and 28 Bq/
kg in birch leaves (Styra et al. 1989). After passing
Lithuania, the radiactive cloud continued N along the coast
of Latvia. Between April 26 and 29, a small amount of
precipitation that occurred from the cloud in Latvia was
limited to specific areas, but it did not exceed 0.5 mm/day.
Background levels of radiation before the accident were
between 7 and 14 mR/hour. After the accident, the
background levels in W Latvia increased by 11 mR/hour,
but by only 1-2 mR/hour in the E (Filipovics and
Nikodeémus 1993).

The deposition of radioactive fallout in Latvia is best
shown by the concentrations of “'Cs in Sphagnum
magellanicum (Fig 12), measured three years after the
accident. Overall background levels are 163-178 Bq/kg,
but over 400 Bq/kg in W Latvia. This correlates well with
the movement of the radioactive cloud soon after the
accident. However, increased levels are also found in
the Central Vidzeme and Aluksne uplands. The
radioactive cloud changed direction after passing through
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basic fly ash from fossil fuel combustion. Major point
sources of pollution are the Narva oil-shale burning region
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ABSTRACT

The paper describes the basis for the ecological mapping and data management for
the City of Riga using GIS. The obtained results were used for the establishment of
General Plan for Riga.

LANDSCAPE MAFPPING OF RIGA

An important goal of city planning is to allocate space using ecological
parameters. In 1988 to 1994 ecological maps of Riga including a landscape map
were developed at the University of Latvia, to make recommendation for the Riga
Territory Protection scheme and the General Plan. The investigation of the
territorial structure of ecological functions of different levels of hierarchy is the
main task of landscape ecological research in cities {5], {3].

The city landscape is a complicated structural system. The urban landscape is to
a variable degree changed natural landscape structure. Its structure is determined by
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the interrelations between relief, lithological structure, soils moisture, micro climate
and vegetaton. This structure in populated areas is much changed with buildings,
associated landscape design, transport nctwork ctc. Both natural and urban
structures occur in cities and determine the geological foundation

The basis used for the mapping of Riga was the same as for the development of
the ecological maps of West Berlin [9], (1]. The most important factors for mapping
were to determine areas with stable space and anthropogenic factors that have
recognisable function. The mapp'ing detail is set by the map scale. The ecological
mapping of Riga used a scale of 1:25000, which did not give much resolution of
small structures.

The natural structures of the Riga landscape have been mapped as follows:
geomorphology (G. Eberhards), vegetation (M. Laivig¥), soil and hydrology
(0. Nikodemus). The main natural structures are the Baltic coastal lowland, wind
formed sand dunes and ridges (Figure 1.). Bach structure has a unique relicf, soil
and moisture characteristics that determine vegetation.

The anthropogenic structure maps produced were building density (I. Ekmane),
tree density (O. Nikodemus). The cities landscape-functional map was developed
using the above maps as well as with land-use patterns. The following landscape-
functional structure types were identified:

o Unorganised green zone (forest, shrubs, fields, wetlands, forest parks);

e Organised green zone (parks, cemeteries, squares);

o Agricultural (gardens, pasture);

e Domestic building (small houses, cottage type, various density and size large
apartment buildings);

o Industrial (factories);

o Community (community sites, sport fields, airports);

e Aquatic (rivers, lakes and Riga Gulf).

The Riga landscape structure forms the concentric zone model [2] (Figure 2.).
The cpicentre is the Old Riga with the highest building density (up to 95%). Further
from the centre the density is 35%, and the ganden and yard area increases. The
centre is enclosed by industrial zones. Further individual housing areas (density 10-
30%) and large apartments (10-40% density) are. Further from the centre are forests,
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forest parks and cemeteries. In the 1980's another industrial zone was formed

around the open area.

Using GIS to analyse landscape structural changes from 1980 to 1994, it was
determined that most changes occurred in the alluvial plain and terraced lowland
area (Figure 3.). Due to urbanisation, the natural dune system was levelled, and
many streams were filled, the hydrological regime was changed. The leas changed
are the Litorin Sea lagoon lowlands and pine stands and dunes in the city periphery.

The type of structural analysis allows the inclusion of ecological principles into
the formation of the city general plan [8]:

¢ protection of city historical trends;
o protection of biologically important arcas with zonal differentiation;
o protection of biological diversity;

¢ renewal of streams and then protection, etc.

MAPPING OF POLLUTION

City air pollution mapping was the levels measured at some poiats. This
approach give much infonnation on the ecological state, but since the sampler sites
is usually small, the resolution is poor and results are not well applied to functional
structural mapping. Therefore, to make objectively assess emissions, the levels in
soils, precipitation and plants are often used [6].

The concentrations of emissions deposited on the ground layers give information
on the distribution around point sources, and the effects on biota. With increased
emissions, the concentrations on the ground increase, and the distribution varies
with wind direction. Concentration in soil reflect long term deposits superimposed
on natural concentrations. Snow analyses reflects cmission during the winter. Riga
was mapped using soil and snow concentrations as well as levels in hung moss bags
(Sphagnum magellanicum).

The long-term and seasonal concentration of Cr, Mn, Ca, Ni, Cu, Pb, Za, Mg, Co
and Cd were found to have different spatial patterns.
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The Pb concentrations in soil best vary with structural patterns (Figure 4.) with
the highest concentrations in the city centre. The centre has had boiler-houses
operating for a long time, as well as old individual industries and the Pb has been
deposits for a long time. The most pollution today is from transport and maximum
Pb levels ran into a 25 m from major roads. In dense road system the high
concentrations areas is detected.

The analysis of the landscape functional map with pollution map show that the
high concentrations in the city centre are due to poor city planing. There are higher
air temperatures (1-2 °C in the summer and 9-10 °C in the winter) than the
surrounding areas, due to building density [7]. There a ,funnel effect” in air
circulation occurs, where emission from the centre does not leave ([4].

Using GIS it was determined that to improve air circulation in the centre, green
areas should be increased in Riga. This is possible only with the removal of another
landscape functional structures, such as industry rail facilities. Thus these maps can
be used for improving the ecological state in Riga.
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Fig. | The geomorphologic landscape
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Alteration of the natural landscape

Fig. 3

minor alteration

328

%



- 138
> 138

~
(=23

B

329



LATVIJAS VIDES AIZSARDZIBAS UN REGIONALAS ATTISTIBAS MINISTRIJA
VIDES PROBLEMU ANALIZES CENTRS

VIDES MONITORINGS LATVIJA

8

EKOLOGISKA SITUACIJA
MAZEIKU VNPU "NAFTA"
IETEKMES ZONA LATVIJA

S

LU EKOLOGISKA CENTRA APGADS "VIDE"
RIGA, 1994



SATURS

Ievads
1. Vides piesamojuma avoti Dienvidkurzeme, to raksturojums /O.Nikodemus/
2. Dienvidkurzemes orogrifija un tas nozime piesarnojoso vielu
izkliede /1. Miarmieks/
2.1. Orografijas raksturojums MaZeiku VNPU “Nafta’ apkartné
2.2. Izme3u 1zkliedéSanas un absorbé$anas noteicosie faktori
2.3. Izme3u izkliede PU “Nafta” apkartné atkariba no reljefa un véja
virziena un stipruma
2.4. Secinajumi
3. Atmosf€ras gaisa piesarnojuma izpétes rezultiti /A.Kalnina/
3.1. Darba izmantotais matenals un ta noveértéjums
3.2. Atmosf€ras gaisa piesamojumu ietekméjofie fakion
3.3. Atmos(€ras gaisa un noknsnu piesarnojuma pétijumu analize

MazZeiku riipniecibas objektu ietekmes zona 1991. un 1992. gada

3.4. Nokri$nu un sniega segas kimiskais sastavs /O.Nikodemus, A.Kalnina/

4. Vides stavokla bioindikacijas rezultati
4.1. Mazeiku naftas parstrades riipnicas ietekmes zonas vegetacijas
raksturojums /M. Laivin$/
4.2. MezaudZu stavoklis péc regionala meZa monitoringa rezultatiem
/M.Laivin§, M.Sipols/
4.3. Kokaudzes papildpieauguma pétijumu rezultati /M.Laivin$/
4.4. Vides stavokla fitoindikativais vért€jums MaZeiku naftas parstrades
riipnicas *“Nafta” emisijas zona /[. Magone/
4.5. Piesarnojuma biogeokimiskas indikacijas rezultati,
par sorbentu izmantojot sinu /G.Brimelis, O.Nikodemus/
5. Augsnes indikacijas rezultati Dienvidkurzemé /O.Nikodemus/
5.1. MeZu augsnes un to kimiskas ipasibas
5.2. Lauksaimniecibas zemju augsnes un to kimiskas ipaSibas
6. Kopsavilkums /O.Nikodemus/
7. Izmantoto materialu saraksts

8. Summary /G.Briimelis/

10
10
13

13
17
18
18
19

23
33
50

50

54

64

-
/

71
86
87
92
94



[EVADS

SareZgita ckologiska situacija Latvijas Republika izveidojusies Dienvidkurzemé, kun
bez Latvijas pierobeZa ¢so$ajiem antropogénajiem izmeSu avotiem ietekmé Lietuva:
Republikas ripniecibas objckti un termoelektrocentrales. Par to liecina daudzu zinatniskc
(LZA Biologijas institita, Latvijas Universitates) un valsts parvaldes (LR Ministru Padome:-
[Tlidrometeorologijas Parvaldes, LR Vides aizsardzibas komitejas) organizaciju izstradnes
Tomer, lidz $im nav veikts vispusigs situacijas izv€rt€jums, kas dotu iespeju novertet MaZeiki .
valsts naftas parstrides uznémuma ““Nafta” ieteckmi vides stavokla pasliktinasana Latvija.

Si darba mérkis ir izvértét un apkopot LR Vides aizsardzibas un regionalas attistibas.
ministrija iesnicgtos dazadu icstazu parskatus par pétijumu rezultatiem Dienvidkurzeme, la..
kompleksi raksturotu ckologisko situaciyju Latvijas picrobeZza, ka ari paraditu turpmakor
pétijumu virzienus.

Atsevisku nodalu (2., 4.1, 4.2., 44., 45 un 5. u.c.)sagatavo$ana izmantoti autort
originalo pétijjumu rezultati. Nodalu autori ir:

. Guntis Brumelis, LU Biologijas lakultate (4.5. nod.)

. Anita Kalnina, LU Geografijas [akultate (3. nod.)

. Maris Laivins, LU Geogralijas fakultate (4.1, 4.2, 4.3. nod.)

. [1Ize Magone, LU Biologijas fakultate (4.4. nod.)

. Ints Marnieks, LU Geografijas fakultate (2. nod.)

. Olgerts Nikodemus, LU Geogratijas fakultate (1., 3.6, 4.5, 5., 6. nod.)
. Madis Sipols, Latvijas MeZiericibas institiits (4._. nod.)

N O WL AW N —

Darba autori izsaka pateicibu biologijas zinatnu doktorei Dz.Berinai un citiem parskat i
autoriem par iespCju izmantot vinu p&tijumu rezultatus. Rezultatu apkopo$ana lielu palidzib4
kop€jas situicijas izveért€Sana Latvijas un Lictuvas pierobeZa sniedza geografijas zinatns
hab. doktore A.Melluma.



1. VIDES PIESARI}JOJUMA AVOTI DIENVIDKURZEME,
TO RAKSTUROQJUMS

Vides situaciju Dienvidkurzemé ietekmé d&etros Latvijas administrativajos rajonos
(Liepdjas, Kuldigas, Saldus un Dobeles) funkcion€josie atmosfeéras gaisa piesarnojuma avoti.
Péc Latvijas Republikas Vides aizsardzibas komitejas datiem (Gaisa aizsardziba Latvija.
1991.gads (gada atskaite)) vislielako piesarnojumu $aja regiona dod Liepajas rajona darbojosas
katlu majas un ripniecibas uznémumi, ka ari mobilie (autotransports, dzelzcelS un lidosta)
piesarnojuma avoti. Liepajas rajona staciondrie piesarnojuma avoti atmosf€ra izmet relativi
daudz séra dioksida (4350.0 t/gada) un slapekla oksida (1922.2 Vgada). Paréjo rajonu devums
atmosféras gaisa piesarnosanair niecigs (1.1. att.), iznemot cieto dalinu izmetes Saldus rajona
(6017.4 t/gada).

Lai novénétu Latvyjas uzpémumu kaitigo ietekmi uz Kurzemes un Zemgales dienvidu
rajoniem, vieglas rnipniecibas valsts zinatniski tehniska centra Ekologiskais centrs veicis
Saldus, Dobeles un Jelgavas rajonu izmeSu inventarizaciju. PEc inventarizacijas datiem ir
aprekinata kaitigo vielu izklicde no Siem uzpémumiem. Izkliedes aprékini veikti slapekla,
oglekla un séra oksidiem, ka ari cietajam dalinam.

[egiitie rezultati parada, ka Latvijas dienvidu rajonos nav izvietoti piesarnojuma avoti,
kas péc patrciz€jo izmeSu daudzuma varctu izsaukt ekologiskas situacijas pasliktinaSanos
(1.1, 1.3.tab.).

Liclakie vides picsarnotaji $aja regiona ir MaZeiku naftas parstrades riipnica “Nafta” un
Jaunakmenes cementa riipnica “Akmencementas” (1.2. tab.).

MaZeiku naftas parstradces ripnica 1980.gada 20.aprili tika iedarbinata tehnologiska linija,
kas deva pirmo produkciju - degvielu un mazutu. 1983.gada iedarbindja otro tehnologisko
kompleksu.

Ripnica sastav no sekojosam iekartam:

1. divas kombinétas ickartas (tips K-64);

. iekarta séra razoSanai,

. iekarta bituma raZoSanat;

. idens attiriSanas ickarta;

. idens apgades sistéma;

. reagentu saimnieciba;

. 8kidras gazes parks;

. etila sajauksanas iekarta;
9. rezervuari starp un gala produkcijai;
10. 1zlieSanas un uzpildiSanas estakades;
11. diumeni (21).

Apméram 400 m attaluma no “Naftas” atrodas Mazeiku TEC.

Atmosferas piesarnojuma avoti teritoriali izvietoti virziena no dienvidiem uz ziemeliem.
tapéc ziemelu un dienvidu virzienu veji ir nelabvéligi, jo pie 3iem vejiem ingredientu
koncentracija summeéjas.

1991.gada kopéjie izmesi no MaZeiku ripuicas “Nafta”, Mazeiku TEC un riipnicas
“Akmencementas’ bija 126406 tonnas (Gaisa aizsardziba Latvija. 1991.gads (gada atskaite)).
Sadalijums pa uznémumiem dots 1.2. tabula.
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Kop¢jais izmesu daudzums no stacionarajiem piesarnojuma avotiem

Latvijas un Lietuvas pierobeza 1991. gada (V/gada).

1.1 tabula

Piesarnojoso SO, NO, CO Putekli

objektu skaits
Akmene,
cementa un
3ifera komb. 7622 4080 33827 714,6
Mazeiki,
naftas parstr.
ripnica 162343 2823 2175 242,8
Venta 1680 154 1337 1817,0
Liepaja 3529 1834 4267 1170,6
Kuldiga 11 932 65 476 577,6
Brocéni - 432 1125 1995
Alsunga 2 3,8 1,1 5,5 13,9
Skrunda 4 80,5 5,4 56,8 88,3
Rudbarzi 1 12,1 0,7 7,6 2,9
Pavilosta 2 46,4 7,0 58,4 24,1
Medze 1 16,6 1,7 6,4 0,1
Grobina 2 80,8 18,0 146,6 32,1
Priekule 2 66,9 8,2 68,0 18,6
Durbe 1 18,6 1,2 5,2 0,4
Kapséde 1 20,3 2,5 23,6 3,9
Aizpute 6 174,9 22,5 191,4 168,5
Vainode 1 4,5 0,5 14 7,9
Nigrande 1 2,4 1,5 12,0 1,0
Dzelmes 1 41,0 2,6 14,0 6,0
Zana 2 52,0 3,2 84,0 43,0
Ezere 3 51,5 4,7 65,0 37,0
Kursisi 1 37,0 2,0 61,0 16,0
Satini 2 10,6 2,2 21,1 25,2
Lamas 6 9,7 9,5 46,4 3.0
Vizervi 1 48,0 4,6 10,9 22,5
Udenieki 2 0,4 4.4
Birem 1 12,0 61,0 11,0
Gaiki 1 6,2 0,3 11,0 5,3
Bandenieki | 3,0 0,4 14,0 6,9
Bramani 1 25,0 1,3 41,0 22
Renge 1 24,0 1,4 11,0 0,4
Blidene 2 92,1 4,9 154,4 40,1
Stin 1 31,0 1,6 51,0 27,0
Zebrene 2 0,3 0,4 6,9 0,6
Lielauce 5 5,9 1,0 16,1 4.9
Auce 5 1,2 0,7 5,6 0,1




1.2. tabula

“Naftas”, MaZeiku TEC un “Akmencementas” izmetes 1991.gada.

Vielas Nafta Mazeiku TEC "Akmencementas”

(tonnas) (tonnas) (tonnas)

Kopa 544447.5 14934 57025

Cietas dalinas 200,8 210,9 11484

V, 0, 419 55,6 4,2

NO, 28229 1469 4080

SO, 162343 13254 7622.9

CO 21743 - 33827,8

Ogludenrazi 30058,7 -

Benzols 7353 -

Ksilols 9235 -

Serudenradis 104,7 -

Ka parada Daivas Sasnauskenes diplomdarbs /Cacnayckene, 1989/, kura balstoties uz
riipnicas izmetes rakstura unmeteorologiskiem apstakliem, teorétiskiizskaitlota piesarnojuma
izkliede, maksimalais piesarnojums ap MaZeiku naftas parsirades ripnicu izplatas 1-2 km
attaluma no ripnicas. Atsevi§kam piesarnojo$am vielam, ka ogludenraZiem (C-C ) un oglekla
oksidam (CO), maksimala koncentracija novérojama 4-5 vai attiecigi 6-7 km atialuma no
ripnicas. OgludenraZziem augstaka koncentracija novérojama anticiklona apstaklos, kad dominé
mazi v€ja atrumi. Parasti las raksturigs ziemas sezona, kad ir stabila gaisa masu strati{ikacija. Péc
Daivas Sasnauskenes aprekiniem/Cacnayckene, 1989/, domingjot DR, D, DA véjiem ar atrumu
2-4 m/s, maksimala sarnu zona izvietojas Latvijas teritorija. Minétos faktorus biitu vélams nemt
vera, turpmak pétot un analizéjot MaZeiku naftas parstrades rupnicas ietekmi uz Latvijas
leritoniju.

Lidz §im laikam nav novértéls bijuSas Padomju Armijas militaro objektu ieguldijums
vides pasliktinaSana Dienvidkurzemé. Te atradas Vainodes kara lidlauks, Rudbarzu un Embites
rakeSu bazes, Zvardes poligons u.c. Tadgjadi viens no turpmiak p€tamiem virzieniem biitu
poskaidrot $o un citu vél nezinamu militaro objektudevumu vides degradacija Dienvidkurzemeé.



1.3. tabula

Picsimnojo3o viclu izmete 1991 . gada (Ygadd) Licpijas, Kuldigas, Saldus, Dobeles,

MazZeiku un Akmenes rajonos no staciondricm un mobiliem avotiem.

/Latvijas Republikas un Lietuvas Republikas Vides aizsardzibas komiteju dati/

Kopéjie Cietas dalinas
Rajons _ —
stacion. mobilie stacion. mobilie
Liepajas 13065,2 18368,2 1471,8 95
Kuldigas 2551 8631,5 790,1 0,6
Saldus 41258 8607.8 30174 2.3
Dobeles 17213 7907.1 3554 6,3
Akmenes 73186,6 20667.9
Mazeiku 743752 691,7
1.3. tab. turpin.
CO CH,
Rajons _ — _
stacion. mobilic stacion. mobilic
Licpajas 4846.0 14294 0 423 18368.2
Kuldigas 571.5 7026,2 18,8 8631.5
Saldus 427.1 67740 24 8 8607.8
Dobeles 552.8 6067 .4 - 7907.1
Akmenes 37776,7
Mazeiku 26084
1.3. tab. turpin.
SO, NO,
Rajons _ —
stacion. mobilie stacton. mobilie
Liepajas 4350,0 64.4 19222 1624.9
Kuldigas 1052.8 3.6 80,7 474.1
Saldus 193,6 17,7 4390 637.2
Dobeles 704 .4 36,1 953 866.7
Akmenes 10377,7 4353,8
Mazeiku 324502 26791.9




nekrotizetu lapu. Jaunas 1990.gada prieZu skujas jiihija vél bija gandriz bez bojajumiem. Rudeni
visos parauglaukumos skujas bija 95-100 % nekrotizétas. Sie faktori norada uz naftas
parstrades riponicas izmeS$u domingjoso ietekmi uz summara piesarpojuma fitotoksisko
iedarbibu apskatitaja teritorija.

Noteikt MaZeiku naftas parstrades rupnicas izmeSu mazak intensivas iedarbibas zonas
blakus rajonos ir sareZgitak, par cik tas parklajas ar citas izcelsmes piesarnojuma zonam.

Dobeles rajona iespéjama parklasanas ar Jaunakmenes bivmaterialu raZo$anas
kompleksa iedarbibas zonu. Liepdjas rajona ar Vainodes-Paplakas militaro objektu iedarbibu,
lidzigi ari Kuldigas rajona dienvidu dala. Tomér minétajos gadijumos naftas parstrades
ripnicas iedarbiba nav primarais un galvenais augu bojajumu c€lonis - ta galvenokart izraisa
skuju un lapu nekrotiz€3anos, bet ne paradibas, kas saistitas ar augSanas procesu regulatoro
mehanismu traucgjumiem, kur ir raksturigi Vainodes, Paplakas un Skrundas apkartné.

Prognoze un ieteikumi

Saglabajoties vides summarajam piesamojumam [988.-1991.¢. limeni, iesp&jama skujkoku
pakapeniska atmir§ana 10-20 gadu laika 1zmeSu maksimalas iedarbibas zona Zanas-Pampalu
virziena.

Situacijas maina sakara ar Krievijas armijas izveSanu un lauksaimnieciskas raZo$anas
parveido$anos, var izmainit ari summaro vides kvalitati un lidz ar to modificét iespgjamas
piesarpojuma iedarbibas sekas.

Visa Dienvidkurzemes regiona pasreiz€jais piesarpojuma limenis prasa regularus vides
stavokla 1zmainu noverojumus.

4.5. Piesarpojuma biogeokimiskas indikacijas rezultati, par sorbentu izmantojot
sanu

Pirmie biogeokimiskie rezultai par vides piesarnojumu Dienvidkurzeme ieguti
1989.gada, konstatgjot kimisko elementu saturu (Cu, Mn, Mg, Ca, Zn, Pb, Cd, Fe, Sr, Ni, Co,
Na, K, Sc, Cr, As, $e, Br, Rb, Mo, Sb, Cs, Ba, Na, Eu un Hg) siinds Sphagnum magellanicum
Brid. Latvija (izpilditaja org. - Latvijas Universitate, 18mas vad. O.Nikodemus). Sajos
pétijumos Dienvidkurzemé 1zvietoti pieci parauglaukumi (14. p.1. - Dunika, 13. p.1. - Vainode,
12. p.l. - Zirny, 1. p.l. - Brocém, 15. p.1. - Zcbrene).

4.5. tabula
Kimisko elementu koncentracija Dienvidkurzemes augstajos purvos

Sphagnum magellanicum Brid. sinas

(noteikts ar atom-absorbcijas metodi)
p.l Cu r Mn Mg | Ca | Zn | Pb I Cd Fe Sr | Ni I Co
Nr. mg/kg g’kg mg'kg gkg mg/kg
11 34 (324 |13 4,5 240 (9,6 |04 | 0,7 | 2,2 | 4,8 2,5
12 3,0 1684 | 1,0 3,5 336 96 | 04 | 05 24 | 2,6 1,2
13 3,6 (684 |12 | 3,7 | 624 |360|05 | 20 | 7,6 | 7,0 | 2,7
14 4,1 1420 {10 | 20 132,027,6 | 0,5 1,2 | 6,6 | 4,9 34
15 4,7 252,01 1,1 50 | 63,6 |108 0,8 [ 0,7 [ 53 42 | 49
Latvija
videji 40 |1558 1,1 | 28 | 547 |171 04 | 07 | 31 | 36 | 1,9
Kurzeme
vidéji 3,4 [ 1149 | 1,1 3,0 | 54,7 |159 (04 | 0,8 3,6 3,2 2,0
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Ar atom-absorbcijas mctodi icgitas kimisko elementu koncentracijas vértibas
paradija (4.5. tab.), ka Latvijas pierobcza ar Lietuvu, salidzinot ar Latvijas vid€jiem
rezultitiem, ir paaugstinats Cu, Mn, Ca. Cd, Sr, Co saturs Zebrcnes apkartng, t.i.,
Jaunakmenes cementa ripnicas “Akmencementas” potenciala ietekmes zona. Vainodes
apkartne, kara lidlauka un Mazeiku riipnicas objektu darbibas rezultata, sfagnu siinas konstatétas
paaugstinatas Cd, Pb, Fe, Sr, Ni un Co koncentricijas. Dunikas apkartné relativi
augstakas koncentracijas ir Zn, Pb, Sr, Ni un Co.

Piesarnojuma areali péc elementa satura sfagnu stnas Dienvidkurzemé izdalas ari péc
Cr, As, Br, Se, Sc un Hg vertibam. Retais parauglaukumu izvietojums nedod iespéju $ajos
pétijumos precizet konkrétos piesaimojuma avotus un piesamojosos vielu migracijas shemu.

1990.gada vasara un rudeni. izmantojot Hvlocomium splendens stinas Ziemelrietumeiropas
smago metalu 1zplatibas karté3anas ietvaros veikta Latvijas teritorijas karté$ana (izpilditija org.
- Latvijas Universitite, t¢émas vad. G.Briimelis). Sajos pétijumos Dienvidkurzemé izvietoti 1 |
parauglaukumu (4.6. tab.)

4.6. tab.
Kimisko elementu koncentracija (mg/kg) Dienvidkurzemeé
Hvlocomium splendens sinas

P.L Vieta Cd | Cr | Cu Co | Ni Pb Fe Mn| V Al Zn
Nr.

9B02 | Rucava [0.39|3.80 |7.24 |2.37|3.82] 19.74 563 | 485|4.8 | 138
&8B06 | Nica 0.5313.74 |8.20 |[3.21]4.55(28.04|587 | 21453 | 122
7C24 | Ezergali [0.39|3.42 (7.72 [ 3.01]|3.74|26.73|484 | 567 3.9 | 8
7D02 | Stabini 0321 3.24 (691 |2.13[2.81| 15.121457 | 291 4.8 | 130|425
7D06 | Malalauks| 0.41 | 2.90 [6.37 |2.90| 3.38| 17.76 | 648 | 209 | 5.3 | 146
DIl | Grivaisi | 0.39] 230 |6.70 |3.28|4.20| 20.51 |408 | 97 |7.0 | 7.6
8CO05 | Kuodras 0.40 | 4.18 1890 [4.18]4.79|26.67|624 | 34549 | 140
7E04 | Blidene |045|3.0 (690 |[3.€0]5.10|19.50|330 | 183 (3.0 | 67
8F0: | Tervete |0.41| 338|737 |2.87|4.78|23.22(406 | 392|4.1 | 115
8G02 | Eleja 0.38]3.56 |8.13 [3.19(445] 2286|711 | 178 5.6 | 117
7B07 | Grobina | 0.43|4.53 |10.27|2.71|4.51|36.12|800 | 19564 | 94 |117.36

Petijumu rezultat apkopoti vairakas publikacijas:

1) Riihling A., Brumelis G.. Goltsova N., Kvietkus K., Kubin E., Liiv S., Magnusson S.,
Makinen A., Pilegard K., Rasmussen L., Sander E. and Steinnes E., 1992. Atmosperic heavy
metal deposition in the Northern Europe 1990.- Nord 1992, 12.38 pp.

2) Brumelis G., 1992. Smago metdlu kartéSana Latvija, izmantojot spidigo stavsinu
(Hylocomium splendens (Hedw.) Brid.).- LR VAK Pétjjumu centrs, LU, Riga, 27 Ipp.

Kartésana Ziemelrietumeiropa parada, ka Dienvidkurzemé izdalas piesarnojuma oreoli
ap Liepaju (Cd, Cu, Pb, V, Zn), Mazeikiem (V, Cu) un Jaunakmeni (Cd, Cr, Ni, V). Tomeér
izvertgjot ieglitos rezultatus, var konstatét nesaisti starp regiona dominéjosiem DR véjiem
un piesamojuma oreolu konfiguracijam. Vadoties no piesarnojuma avow geografiska
novietojuma un domingjosiem Vv&jiem. piesarnojosam vieldm vajadzétu izkliedéties Latvijas
teritorija. tani pat laika kartés novérojama Cu un V teritoriili plasaka izkliede Lietuva, pretgji
domingjoSo Ve&ju virzienam. Domajams. ncsaiste lcspéjama, patcicotics paraugu analizém
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V koncentracija (mg/kg) Pleurozium schreberi sina Dienvidkurzeme.

(LU, 1992.4.)
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daZadas laboratorijas un piclautam ncprecizitatém iegiito rezultatu kalibracija.

Teritorijas detalu kartéSanu, lai noprecizétu tehnogéno anomaliju raksturu un robeZas,
1992.gada veica Latvijas Universitates un LZA Biologijas institita specialisti (4.1. att.).
Sajos pétijumos ka piesarnojoso vielu sorbents izmantota Pleurozium schreberi sina. Cu, Zn,
Fe, Pb, Co un Cd suna noteikts ar atom-absorbcijas spektrofolometru. V  noteikts ar
spektrofotometrijas metodi. Analizei izmantoti sinu pédéjo gadu pieaugumi, 1idz ar to Sie
pétjumi raksturo vides piesarnojumu pétama teritorija 1990., 1991.un 1992.gada, perioda,
kad ekonomiskas krizes rezultata daudzos riipniecibas uznémumos sirauji samazinajas
raZzosana.

Vislabak MaZeiku naftas parstrades ripnicas ietekmes zona izsekojama pé€c vapadija
satura Pleurozium schreberi sunas. Vanadija koncentracijas maksima'a vértiba (9.5 mg/kg)
konstatéta Starinu parauglaukuma (8D26), kas atrodas 3.5-4.0 km ZA no ripnicas (4.7. att.).
Relativi augstas koncentracijas (> 8.0 mg/kg) ir ari 8C09, 8D12, 8DI17 un 8D20
parauglaukumos. Sie laukumi izvietoti ZA no ripnicas (8D12, 8D20) un Vainodes virziena
(8C09, 8D17). Vaipodes tuvuma (8C09) 1izvietotaja parauglaukuma augstas V
koncentracyjas Pleurozium schreberi sinas, domajams, saistds ar viet€jo katlu maju
darbibu. Salidzinajuma ar vidéjam koncentracijam Latvija (3.0-4.9 mg/kg atkariba no meza
tipa) MaZeiku apkartné minétd elementa saturs pieaudzis  divas-lris  reizes. Fona
koncentracijas Dienvidskandinavija ir 2-4 mg/kg, bet 10 mg/kg sasniedz tikai pie pilsétam, kur
mazuts tiek izmantots clektribas raZo$anai va apkurei. Lalvija visaugstakd vanadija
koncentracija ir 2 km attdluma no 2.Rigas TEC (25 mg/kg). Lidz ar to varam uzskatit, ka
MazZeiku paftas parstrades uznémuma un TEC ictckme uz Latvijas teritoriju vanadija
piesarnpojuma zina ir reclativi mazaka ncka Rigas TEC ietekme. Vanadija anomalijas lauks
ietver teritoriju - Vainode, Embute, Nigrandc un Ezere. Raksturigi, ka V koncentracijai
siina nav izleikta lendence proporcionali samazinaties, attalinoties no MaZeiku ripniecibas
uznémumiemn.

Atsevigkos parauglaukumos (8C09, 8D10, §D14, 8D17, 8D20, 8D34) Dienvidkurzeme
ir paaugstinata Cu koncentracija sina (4.8. att.). Liclaka dala So Jaukumu ickartoti dominéjoso
gaisa masu plusmas virzicna no Mazciku ripnicas (2-4 km uz ZA no rupnicas) vai ari uz Z no
piesarnpojuma avota. Cu koncentracija Pleurozium schreberi sina tc augstaka par 7 mg/kg.
Visaugstaka koncentracija (10.2 mg/kg) Saja regiona ir 8C09 parauglaukuma Vaipodes tuvuma.
Latvija vidéji Cu fons svarstas no 4-7 mg/kg. Lidzigas vértibas ir ari Norvégijas, Somijas un
Zviednjas dienvidos. Atsevi$kas vietas Cudaudzums siinas Skandinavija sasmedz 12 mg/kg,
ko Rietumu specialisti saista ar sarpu transregionalo parnesi /Ruhling et ol., 1992/. Latvija
visaugstakds Cu vertibas ir pie Liepajas (7B09 p.1.), sasniedzot 11.5 mg/kg. Lidz ar to redzams,
ka MazZeiku apkartné Pleurozium schreberi sunas satur relativi mazak Cu, tomeér 12
koncentracija parsniedz {ona limeni.

Pb koncentracijas kartéSana Ziemelnietumeiropa paradija Centralas Eiropas valstu
piesarpojuma ietekmi uz Baltijas regionu. Lidz ar to plada teritorija tick paaugstinats
regionalais fons. Latvija tas svarstas 10-15 mg Pb/kg robeZas. Latvija un Lietuva fons ir
augstaks rietumu dala, kur valdoSie vEji atnes piesarnojumu. Visaugstaka koncentricija
konstatéta uz austrumiem no Liepajas, Grobinas tie§d tuvuma (27.5 mg/kg). MazZeiku
ripnicas ietekmes zona daudz svina satur Pleurozium schreberi sina 8D34 p.1. (21.2 mg/kg)
(2.5 km uz ZA no ripnicas), 8D20 p.l. (19.0 mg/kg) (4 km uz ZR no riipnicas). Paréjos
parauglaukumos Pb koncentracija ir regionala fona robeZas vai ari nedaudz to parsniedz.

Zn teritoriala sadalijuma novérojama loti liela Liepajas uzpeémumu ietekme (4.9. att.).
Liepajas tuvuma Zn koncentracija siina parsniedz 100 mg/kg. Augsta koncentracija novérojama
pat 35 km attaluma no Liepdjas. Somiyja un Zviednja nav uk augsta koncentracija un
regionalais fons 3o valstu dienvidu regionos ir zem 40 mg/kg /Rubling et al., 1992/, Tikai
Norvegija pie Oddas krasaina metalurgijas uznémuma Zn koncentracija parsniedz 100 mg'kg.

68



PAVILOSTA

CYNTPUTE

O
.OOGQ

&

%ULMGL

3

%

d

APZTME JUMI
() <40

(W 41- 60
(D o1-%0
& 8-100
@ o

%.mous

G@O
«Embote mgru g O okur%i O
Z 2T % @
Winode o (Jwer % [(,3",
< MENEL '
Birtae sbramzdo A . N S
@ YNPU Nafta's i
e ] “~
A’ i
o ., «Maiaikioi Raujoji Akmene e
{ L 1 E T U V A
_/.\/\) 0 & & 1txm
4.9. ant.

Zn koncentracija (mg/kg) Pleurozium schreberi siina Dicovidkurzeme.

(LU,

1992.g.)



PAVILOSTA

CYNTPUTE

O
.OOGQ

&

%ULMGL

3

%

d

APZTME JUMI
() <40

(W 41- 60
(D o1-%0
& 8-100
@ o

%.mous

G@O
«Embote mgru g O okur%i O
Z 2T % @
Winode o (Jwer % [(,3",
< MENEL '
Birtae sbramzdo A . N S
@ YNPU Nafta's i
e ] “~
A’ i
o ., «Maiaikioi Raujoji Akmene e
{ L 1 E T U V A
_/.\/\) 0 & & 1txm
4.9. ant.

Zn koncentracija (mg/kg) Pleurozium schreberi siina Dicovidkurzeme.

(LU,

1992.g.)



Mazeiku apkariné Znp saturs Pleurozium schreberi sunas ir rcgionala fona robezas,
iznemot parauglaukumu Zanas tuvuma. Péc patreiz€jo péljjumu rezultatiem paaugstinatas
koncentracijas iemeslus Seit nevar izskaidrot.

Dzelzs fons sina Zviedrijas un Somijas dienvidos ir 400-600 mg/kg. Koncentracijas
paaugstinatas lauksaimniecibas rajonos un tundrid, kur v€j3 parmes augsnes puteklus.
Dienvidkurzemeé augstakais Fe saturs raksturigs MaZeiku apkartn€ (1042 mg/kg). Parauglaukums
atrodas ZR no MazZeiku naftas parstrades ripnicas. So augsto koncentraciju nevar viennozimigi
saistit ar mnaftas parstrades rupmicas darbibu, jo pé€tita teritorja raksturiga intensiva
lauksaimniecibas darbiba.

Latvija un Ziemelrietumeiropa Cd koncentracija vidé&ji svarstas robeZas no 0.2-0.4 mg/kg
/Rubling et al., 1992/. Si koncentracija ir pie Latvija lietotds atom-absorbcijas
spektrofotometrijas noteikSanas robezas. Tani pat laika Cd teritoriala sadalijuma novérojama
tendence koncentracijam pieaugt Latvijas-Lietuvas pierobeZa, salidzinot ar Rietumkursas
augstieni. Ja Rietumkursas augstiené elementa koncentracija ir mazaka - par 0.5 mg/kg, tad
pierobeza svarstas no 0.5-0.6 mg/kg. Visaugstakas koncentracijas ir pie Liepajas (1.2 mg/kg).
Ziemeleiropa koncentracijas augstakas par 0.8 mg/kg ir novciotas tikai pie lieliem metalu
parstrades uzn€mumiem. Paaugsuinats Cd saturs sina nov€rojams pat 45 km attdluma no
Liepajas.

Izvertgjot situdciju kopuma MaZeiku apkariné, varam sccinat, ka riupnicas “Nafta”
emisijas ielekme Latvija nov@rojama terilonja - Vainode, Embite, Nigrande, Kursidi un
Eleja. Maksimala ietekmes zona 2-4 km attaluma no ripnicas. Saja teritorija raksturigs
paaugstinats vanadija, vara un kadmija saturs sunas. Atseviskos  parauglaukumos
novérojams  ari paaugstinals svina un dzelzs saturs. letekmes zona novérojama tendence
piesarnojos$am vielam izkliedéues ne tikai domin€joSo veju virzicna (uz ZA no ripnicas),
bet ari ziemelu un ziemelaustrumu virziend. Domajams, $adu piesarnojumu izkliedi nosaka
tentorijas fiziogeografiskic apstakli un picsarnojuma objekta raksturs (daudzi individualic
picsdrnojuma avoti, augsti dimeni). Bez MaZeiku naftas parstrades ripnicas “Nafta”
Dicnvidkurzemi ietekmé piesarnojuma objekti  Vainod¢ (kara lidlauks, katlu majas),
intensiva lauksaimniecibas darbiba.

Daudz lielaka smago metalu imisija ncka no MaZeiku ripniccibas objektiem Kurzeme
novérojama no Liepdjas. Licpajas apkartn¢ raksturiga paaugstinata Zn, Pb, Cd un citu
clementu koncentracija. letekme sniedzas 45 km attaluma no Licpajas.



5. Augsnes indikacijas rezultati Dienvidkurzeme.

5.1. Mezu augsnes un to kimiskas ipasibas.

Mezu aug$nu kimisko ipaSibu izmaigas Dienvidkurzemé pétijusi Latvijas Universitates
/téma “MazZeiku apkartnes biogeokimiska indikacija”, t€mas vaditdjs - O.Nikodemus/ un
Latvijas Meziericibas institiita specialisti regionala meZa monitoringa ietvaros. MezZa
augsnes, salidzinot ar lauksaimnieciba izmantojamam augsném, labdk raksturo atmosféras
piesamojumu, jo to kimisko sastavu neietekmé lauksaimnieciba pielietotds kimikalijas.
Vienigas  problémas atmosferas piesarnojuma indikacya var radit augsnes segas
neviendabigums.

Pétama teritorija ir loti raiba augsnes sega, kas raksturojas ar augsnes mehaniska
sastava (smilts, malsmilts, smilSmals) un augsnes tipu mainu teritoriala griezuma. Augsnes
scgas teritoriali sarezgita struktira nedod iespéju vides piesamojumu indikacija izveleties
vienu konkrétu augsnes tipu. Lidz ar to viens no uzdevumiem MazZeiku ripniecibas objektu
ietekmes izvértésana ir noskaidrot kimisko elementu kopsatura diferenciaciju atkariba no
dabiskajiem faktoriem, t.i., augsnes tipa, kas nosaka kimisko elementu dabisko fonu, un meza
augsanas apstaklu tipa. Viena meza augSanas apstaklu tipa robezas var ictilpt vairaki augsnes
tipt. MeZa tips raksturo clementu migracijas ipatnibas ekosistéma un sistéma - atmosfera-
augsne. Latvijas Universitites specialistu pétijumos parauglaukumi petama teritorjja 1zvietoti
Vuccioniosa, Myrtillosa-sphagnosa, Myrtillosa, Hvlocomiosa un Oxalidosa meZza augSanas
apstaklu tipos, kur dominé tridaini kudraina podzolaugsne (PT), tradaimi kddraina podzoléta
glejotd augsne (PgT), tipiska podzolaugsne (P), velenu podzolaugsne (Pv), tipiski podzoléta
glejota augsne (Pg) un velénu podzoléta glejota vai gleja augsne (VG) (3.1. att.). Pvun VG
augsném virséjo horizontu daudzos gadijumos, atSkiriba no par€jiem tipiem, kur virskartas
sastopams nedzivas zemsegas horizonts (A ), veido trida akumuldcijas horizonts (A ).
A, horizonts te ir loti plans (1-3 cm) vai ari nav sastopams. Tas rada problémas tradicionilajai
picejai atmosféras piesamojuma indikacijai, 1zmantojot par piesimojumu sorbentu augsncs
virs€jos horizontus.

La1 noskaidrotu minéto faktoru ietekmi uz elementu kopsaturu Dienvidkurzemes meza
augsnés, starp augsnes un meZu augsanas apstaklu tipiem izvértétas elementu koncentracijas
statistiski batiskas atSkiribas. Pétijumos konstatéts, ka augsnes tips statistiski batiski ietekmé
Ni, Co, B, Ti, V, Cr, Ba un Mn kopsaturu Dienvidkurzemes mezu augdnu virsg€jos
horizontos (A , A, ) (5.1. tab.). Sada atkariba no augsnes tipa nav konstatéta svinam un
varam. Relativi zemakas pétito elementu koncentracijas virséja horizonta raksturigas tipiskai
podzolaugsnei, kiidrainam podzolétam glejotam augsném un triddaini kiidraindm podzolaugsném.
Siem augsnu tipiem A horizonts ir biezaks (10-30 cm) neka tipiski podzolétam glejotam
augsném. Velénu glejaugsném un velénu podzolaugsném reizém nedzivas zemsegas horizonts
nav sastopams. Pedejie augsnes tipi Dienvidkurzemes meZos rakstu: :gi galvenokart uz smagaka
mehaniska sastdva augsnes cilmieZziem (smilSmila un mala). Tas nozimé, ka kimisko
elementu koncentraciju augsnes nedzivas zemsegas horizontd buotiski ietekmé ta biezums,
mineralizacijas pakape un augsnes cilmieZa mehaniskais sastdvs. No iepriek§ teiktd secinits,
ka dabisko faktoru ietekme uz elementu kopsaturu augsnes virséja horizontd Dienvidkurzemé
ir daudz bitiskaka neka antropogéna (vides piesamojuma) faktora.

Savukart, svina sadalijuma augsnes tipa ietekme ir nebatiska. Tas saistds ar svina
antropogéno piesarnojumu un izteikto augsnes ainav-geokimisko barjeru, ko svina migracija
veido A  horizonts /[1azosckas, 1988/. Svins. kur§ uz augsnes izs€Zas ar nokrisniem, nobiram
un citd veida, parasti eksisté divvertiga katjonu forma un saists ar organiskajiem sorbentiem
/Zimdahl, Skogerboe, 1977/. Péc tam svins reagé ar sulfatu. fosfatu un karbonitu anjoniem.
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5.1. tabula

Kimisko elementu koncentracijas (mg/kg) vertibas augsnes A vai Aj A horizontos grupétas
pa augsnes tipiem un meZa augS$anas apstaklu tipiem.

Azimé&jumi:

P
Pv
Pg

PT
PgT

tridaini kudraina podzolaugsnes,

tridaini kidraina podzoleta glejota augsne,
tipiska podzolaugsne,

velénu podzolaugsne,

uptski podzoléta glejota augsne,

VG - velénpodzoleta gleja vai glejota augsne.

MeZa augSanas astaklu tipi:  V

- Vacciniosa,

MS - Mpyriilloso-sphagnosa,

M
H
O

- Mbrtillosa,
- Hvlocomiosa,
- Oxalidosa.

Augsnes tips

MeZa augSanas
apstaklu tips

PT PgT P Pv Pg VG \Y MS M H )
mgkg”’ mgkg”

Ni p<0.01 p<0.05
X 53 s3  77 27 119 131 54 44 69 93 12.4
s 1.2 08 09 46 1.9 1.0 07 09 07 08 20
Co p<0.001 p<0.01
X 1.2 1.0 2.3 4.1 46 4.4 1.2 1.2 1.8 3.3 4.0
s 04 03 03 1.5 0.7 06 03 05 04 04 07
B p<0.001 p<0.001
X 89 109 163 262 257 324 | 88 10.8 134 238 246
s 1.7 1.5 1.6 45 30 30 12 28 24 20 27
Ba p<0.001 p<0.01
X 106 80 202 266 166 304 90 102 140 245 235
s 40 17 20 17 57 34 17 43 28 27 26
Ti p<0.001 p<0.001
X 463 615 1387 2173 2475 2546 | 546 697 931 2054 2087
s 93 148 201 396 350 357 74 316 200 242 267
A% p<0.01 n.s.
X 11.8 147 19.1 30.0 37.8 443 124 121 136 263 351
s 27 26 45 6.0 90 52 25 33 1.7 45 6.1




5.1. tab. turpin.

Augsnes tips MezZa augSanas
apstaklu tips
PT PgT P Pv Pg VG \% MS M H O

mgkg! mgkg!
Cr p<0.01 p<0.01
X 6.7 89 176 286 258 282 | 87 95 124 215 269
$ 1.0 1.5 25 88 4.0 3.6 1.3 3.7 22 24 41
Cu n.s. n.s.
X 42 82 713 88 6.8 8.1 85 6.7 6.6 60 87
s .o 28 09 27 09 038 22 21 4 06 1.3
Pb n.s. p<0.05 :
X 28.8 324 289 220 297 157 | 364 290 336 193 264
S 3.1 53 3l 2.1 70 LS 44 4.1 4.0 13 4.0
Mn p<0.01 n.s.
X 207 148 408 1540 477 386 194 460 405 843 278
S 129 36 62 716 163 124 50 348 146 276 69
n= 6 6 23 7 7 9 6 5 9 19 19

kas samazina ta $kidibu un traucé migraciju leji pa meza augsSnu profilu. Lidz ar to
intensivaka svina akumuldcija novérojama augsnes horizontos, kas satur organiskas viclas.
Vanadijam un citiem elementiem nav raksturiga minetd likumsakariba, bet novérojama to
uzkraSanas iluviala glejota vai gleja horizontos.

Pb, Cr, Ti, Ba, B. Co un Ni saturs augsnes virséja horizonta (A . A ) horizonta batiski
saistas ar meza augSanas apstaklu tipu (5.1. tab.). Tani pat laikd. vanadijam, varam un
manganam minéta likumsakariba nav novérota. Relativi vairdak Ni, Co, Cr, Pb un Tiir
damaksna (H) un véra (O) meZa augSanas apstaklu tipu augsnés nckd meétrija (V). slapja
damaksna (MS) vai lana (M) tipa audzés. Tas, domajams, izskaidrojams ar to. ka pirmajos
divos tipos dominé velénu podzolaugsne vai velénu podzoléta glejotd augsne. Sajds augsnés
virs€jo horizontu nereti veido mineralaugsne. Tas paaugstina N1, Co, Cr un T1 daudzumu
salidzinajuma ar organisko vielu veidotiem horizontiem. Savukart Pb koncentracyjd augstakas
vertibas novérojamas meZa augsanas apstiklu tipos (métraja un lana). kur dominé augsnes ar
relativi biezaku nedzivas zemsegas horizontu (PT, PgT, P).

Savadakas tendences raksturigas kimisko elementu sadalijumd B un Bg horizonta (5.2.
tab.). Augsnes tips butiski ietekmé Ni, Co, B, T1, V, Cr, Cuun Mn daudzumu. Svina un barija
saturs augsnes iluviala un iluvidla glejota horizontd bitisk: neatikiras pa augsnes tipiem.
Relativi  vairdk visus pétamos elementus, iznpemot svinu, satur velénu podzolaugsne.
podzoletd glejotd un velénu podzoléti glejotd vai gleja augsne. Minéta tendence saistds ar
augsncs mchaniska sastava diferenciacyju, jo 3ajas augsnés dominé smulSmals un malsmilts,
prcté)l smilts nogulumicm pargjos tipos. Svina koncentriciju bduski ncietekmé augsnes
mechiniska sastdva maina un glejoSanas procesa attistiba.
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5.2. tabula

Kimisko elementu koncentracijas (mg/kg) vertibas augsnes B vai Bg horizontos grupétas pa
augsnes tipiem un meZa augSanas apstaklu tipiem.

Azimejumi: PT

tridaini kidraina podzolaugsnes,

PgT - tradaini kiidraina podzoléta glejota augsne,
P - tipiska odzolaugsne,
Pv - velénu podzolaugsne,
Pg - tipiski podzoléta glejota augsne,
VG - velénodzoleta gleja vai glejota augsne.
MeZa aug3anas apstaklu upi: V. - Vaccinosa,
MS - Murttilloso-spagnosa,
M - Mvriillosa,
H - Hyvlocomiosa,
O - Oxalidosa.
Augsnes tips MeZa augSanas asptaklu tips
PT PgT P Pv Pg VG \Y MS M H 0O
mgkg! mgkg”!
Ni p<0.001 n.s.
X 82 86 10,0 18.0 155 272 7.3 129 136 140 16.5
$ 39 1.9 1.0 40 44 54 0.5 5.6 34 1.5 3.4
Co p<0.001 n.s.
X 3.0 3.7 3.7 59 66 83 3.2 5.2 47 47 5.7
S 0.1 07 0.2 1.5 1.2 13 0.2 2.2 1.1 0.5 0.8
B p<0.001 n.s.
X 235 242 251 383 478 462 | 21.2 332 242 324 399
S 21 24 1.1 8.5 73 55 1.3 13.1 1.1 2.9 3.9
Ba n.s. n.S.
X 277 346 317 390 339 386 276 319 397 332 346
s 29 45 22 30 19 35 25 47 S5 17 18
Th p<0.001 D.S.
X 2076 2325 1927 2611 3859 4181 | 1677 2097 2130 2658 3339
S 316 263 143 257 680 757 231 387 249 213 485
A" p<0.005 n.s.
X 142 303 173 439 684 R6.5 11.8 548 293 363 49.0
s 1.2 123 1.7 169 199 16.5 1.2 253 134 7.1 11.4
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5.2. tab. turpin.

Augsnes tips MeZa augSanas asptaklu tips

PT PgT P Pv Pg VG \Y% MS M H O

mgkg™ mgkg™!
Cr p<0.005 n.s.
X 21.6 255 214 390 453 507 163 349 281 339 344
S 21 59 2.0 10.8 9.0 10.1 1.5 16.8 8.0 3.8 5.4
Cu p<0.001 n.s.
X 3.5 45 43 9.5 103 9.5 3.9 7.2 6.5 6.5 6.9
s 0.7 0.7 0.4 23 1.8 1.8 0.3 33 2.1 0.7 1.1
Pb n.s. p<0.05

X 102 103 0. 12.0 10.0 10.9 10.5 141 94 103 93
3 1.2 038 0.5 2.2 1.2 1.1 0.8 2.8 0.8 0.5 0.7

Mn p<0.05 n.s.

X 160 189 300 571 327 356 279 220 308 424 257
S 19 29 23 192 56 62 54 61 33 79 27
n= 6 6 23 7 7 9 6 5 9 19 19

Starp mcZa aug8anas apstaklu tipicm 1luviald un iluviali glcjota horizontd novérojama
statistiski batiska atSkiriba tikai svina koncentracija. Kaut ari starp mcZu augSanas apstaklu
tipiem augsnes B vai Bg horizonta parcjo elementu lieldkd koncentricija novérojama damaksni.
slapjaja damaksni un véri, tomer rclativi augstas clementu vartibu standartmovirzes vicna tipa
robeZas nedod iespéju statistiski dro§i apgalvot, ka augSnu iluviald un iluviala glejota horizonta
kimiskas ipasibas ir cie$i saistitas ar meZa augSanas apstdk]u tipu. Elementu koncentracijas
lielas svarstibas viena tipa ietvaros saistds ka ar augsnes mehanisko sastavu diferenciaciju. ta
ari glejoSanas procesa attistibu. Kai jau ieprieks tika noradits, svina sadalijjumu pa augsnes
horizontiem un augsnes tipiem minétie faktori ncietekme.

legiitie pétijumu rezultati parada, ka Mazeiku naftas parstrides kombinata ictekmes
zonas izpet€é, par piesarmojumu sorbentu izmantojot augsni, janem VEra augsmes tps un
mehaniskais sastavs, kas batiski ietekmeé tas dabisko fonu.

Tapat ka Pleurozium schreberi stina vanadija daudzums augsné parada Mazeiku naftas
parstrades kombinata ietekmes zonu (5.2. att.). Vislabak td izsekojama augsném ar biezu A
horizontu (P,PT, PGT). Sajos augsnes tipos, ka ari velénu gleja un glejotds augsnés, paaugstinatas
elementa satura vértibas raksturigas virséjos horizontos Vainodes. Embites, Straksu,
Skrundas, Kursisu un Ezeres teritorija. Tomér maksimala vanddija koncentracija virséja
horizonta konstatéta 7D 15 parauglaukuma (73 mg/kg), kas atrodas 26 km attaluma no Mazeiku
naftas parstrades kombinata, podzolétas glejaugsnes A horizonta. Horizonta biezums - 4 cm.
Augsnes mehianiskais sastavs - mals. Lidz ar to domajams. ka bluska nozime augstajam
vanadija saturam atseviSkos parauglaukumos Latvijas pierobeza  ir  augsnes
mchaniskajam sastivam. Vanadija migracijas un akumuldcijas ipatnibu rezultata Mazeiku
apkartné novérojamas clcmenta kopsatura liclas svarstibas.
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3.3.tab.

Mcza nedzivas zemsegas kimisko clementu vidéjas vértibas MazZeiku naftas parstrades

kombinaita ictckmes zond un Latvija.

N,P,O,,S daudzums - %, bet par€jiem clementicm - mg/kg.

Elements MazZeiku zona Vera meza tips Latvija
Slapeklis N 1.1 14
Natrijs Na 1329.0 952.3
Fosfors PO 6.07 0.1
Sers S 0.51 0.4
Kalijs K 5500.0 5100.0
Kalcijs Ca 15500.0 12200.0
Skandijs Sc 0.99 0.8
Hroms Cr 11.8 8.5
Mangins Mn 745.0 741.9
Dzclzs Fe 4100.0 2870.0
Kobalts Co [.4 1.6
Nikclis Ni 1.0 2.9
Cinks Zn 109.0 83.4
Arséns As 1.28 0.8
Rubidijs Rb 20.0 16.9
Cirkonijs Zr 6.1 6.9
Molibdéns Mo 0.82 0.8
Sudrabs Ag - 0.5
Kadmijs Cd 0.07 0.1
Antimons Sb 0.33 0.3
Cezijs Cs 0.5 80.4
Barijs Ba 234.0 1436
Lantans La 4.3 3.4
Hafnijs Hf 1.6 1.4
Tantals Ta 0.13 0.2
Zelts Au 0.013 0.007
Svins Pb 3.8 4.4
Bismuts Bi1 1.72 1.7

-Torijs Th 1.26 0.9
Cenys Ce 10.2 8.5
Samars Sm 0.6 0.6
Eiroijs Eu 0.14 0.1
Terbijs Tb 0.1 0.1
[terbiyjs Yb 0.29 0.3
Lutécijs Lu 0.03 0.03
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Cu (In HCLizvilk.) koncentracija (mg/kg) mezu augSnu virseja horizonta (A ,A| ) Dienvidkurzeme.

(1.UJ, 1992.p.)
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Analizejot hroma (5.3. att.) un citu kimisko clementu kopsaturu augsnes  virséjos
horizontos, novérojamas  vairdkas kopsakaribas clementu teritoriala izplatiba. Pirmkart,
augstakas clementu koncentricijas raksturigas mezu augSnu virs€jos horizontos Liepdjas
apkartné, kur pat tipiski podzolétim augsném uz smilts cilmicZa clcmenta koncentricija (Cr,
Zn, Cu) parsniedz velénu podzoléto un velénu gleja augdnu uz smilSmala cilmieZa vertibas
fona rajonos. Otrkart, otrs rajons ar augstu hroma (5.3. att.) saturu izdalas teritor1ja Vainode,
Embiite, Skrunda un Kursii. Saja gadijuma augstakas elementu koncentricijas minétaja rajona
saistds ki ar augsnes mehaniska sastiva mainu (no smilts uz malsmilti vai smilSmalu), ti ari ar
antropogéno piesdrnojumu Dienvidkurzeme.

Kimisko elementu kopsatura izmainas A, horizonta apskatitas ari meZa monitoringa
ietvaros 11 parauglaukumos (PNP) (664, 715, 716, 717, 721, 723, 770, 773, 780, 828, 829).
legitie rezultati un secindjumi sakrit ar Latvijas Universitites specialistu rezultitiem un
secindjumiem. Zemsegas paraugi ievakti 1991.gada katrd punktd 4 atkartojumos (péc tam
izveidots katram punktam viens vidgjais paraugs) 2-7 cm dziluma. Saja slani meZa nobiras ir
videj sadalijusas.

Gaissausie paraugi parpelnoti un analizéti CukurbieSu pétniecibas institlita Augsnes
laboratoriji (Bauskas rajona “Uzvara”). Te noteikts kopéjais slapeklis péc Kjeldala, fosfors,
bismuts un kadmijs kolorimetriski.

Latvijas Kodolpétijumu centra (Salaspils) parpeinotiem paraugiem notetkts ar neitronu-
aktivizicijas metodi sekojoss kimisko elementu saturs: natrijs, kalijs, kalcijs, skandijs, hroms,
mangans, dzelzs, kobalts, nikelis, cinks, arséns, rubidijs, cirkonijs, molibdéns, sudrabs,
antimons, cézijs, barijs, lantans, hafnijs, tantals, zelts, torijs, cérys, samarijs, eiropijs, terbijs,
iterbijs un lutécijs. Svina koncentracija noteikta ar atom-absorbcijas metodi. Pb
koncentricija noteikta péc G.Rinka metodes /G.Rinkis, F.Ramane, A.Osvalde, T.Kunicka,
1992/, kas dod mazaku svina saturu neka tradicionali lietotas metodes.

MazZeiku naftas riipnicas ietekmes zona esoSie PNP galvenokart reprezenté cglu un bérzu
damaksni un véri - bagatakos sausienu meZa tipus. Zemsegas kimiskais sastavs $ajos tipos ir
lidzigs /Laivins et al., 1993/ un PNP skaits ir neliels, tapéc vidéja elementu koncentracija
aprékinita visiem $is zonas punktiem (5.3. tab.), nedalot tos pa meZa tipiem. legitie dati
salidzinati ar Latvijas vEra tipa meZaudZu zemsegas kimisko elementu vértibam.

Mazeiku ietekmes zonas meZaudZu zemsega, salidzinot ar visas Latvijas véra tipa
meZaudZu zemsegas vid€jam veértibam, ir paaugstinats séra, natrija. kalija. kalcija. skandija.
hroma, dzelzs, cinka, arséna, rubidija, c€zija, barija, lantina. zelta, torija un cérija daudzums.
Bet pargjo elementu vertibas ir loti tuvas, vai ari tikai nedaudz atSkiras no vid€jam véra augsnu
A, horizonta vertibam.

Augsnes virskirtas kimiskas atSkiribas nevar dro$i saistit ar naftas parstrides ripnicas
ietekmi. Vairaku kimisko elementu paaugstinatas vértibas pilnigi iesp€jamas ir tapéc. ka 3aja
apvidd ir bagataks substrats (mals, smilSmals), kas butiski ietekmé ari atmiru$as un dalgji
mineralizétas organikas kimisko sastavu. Tatad. izvért€jot augsnes piesarnosanas pakipi.
jagem véra jau butiski bagatakais cilmieza kimiska sastava fons.

Analiz€jot augsnes kimisko elementu kopsaturu izmainas Dienvidkurzemeé, varam
secinat, ka pétamaja teritorija ir loti raiba augsnes sega, kas butiski ietekmé augsnes kimisko
sastavu un elementu migraciju. Daudz labakus rezultatus antropogéna piesarnojuma kartésana
dod kimisko elementu kustigo formu noteik3ana. Latvijas Universitates Geogrifijas fakultates
specialisti daudzos parauglaukumos bez Pb, Zn, Cu, Ni elementu kopsatura izpétes, veikusi ari
to notetkSanu | N HCI izvilkuma. Jegitie rezultati daudz labak sakrit ar stnu indikacijas
rezultatiem. Kaut ari nelielais parauglaukumu skaits nedod iespéju precizi noteikt kounkrém
piesamojuma avotu veidotds geokimiskas anomalijas, tomér péc rezultatiem (3.4.. 3.3.. 3.6..
5.7. un 5.8. att.) iesp€jams noteikt galvenos piesdrnojuma avotus.

-Pb, Cd un Cu koncentracija ir paaugstinita Liepdjas pilsétas apkartné. Anomalijas
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robezas noskaidrosanai nepiecie$ami papildpétijumi.

- N1, Pb, Cu un Cd koncentracija ir paaugstinata Vainodes apkartné. Teritoriali Vainodes
plesamojuma avotu raditd biogeokimiska anomalija saplist ar MaZeiku ripniecibas objektu
radito piesamojumu anomaliju. P&c augsta Cd satura augsnes humusa un neliela daudzuma
sinds varam secinat, ka viens no galvenajiem vides piesdrnotajiem pierobeza ir bijis kara
lidlauks. Stinu kimiskais sastavs atspogulo periodu, kad lidojumu skaits stipri tika samazinats.

- Mazeiku apkartné izdalas tehnogéna geokimiskd anomalija ar paaugstinat Cd, Cr, Nj,
ka ari atsevi§kos parauglaukumos Pb un Cu saturu. Elementiem augstakas vértibas konstatétas
uz ziemelrietumiem no Mazeiku VNPU “Nafta”. Minéto elementu teritoriala izplatiba,
domajams, saistas ka ar reljefa nozimi piesarnojoso vielu izkliedg, ta ari atseviSku piesarmojumu
avotu izvietojumu uznémur. 1 teritorija, ka rezultata, valdot D un DA véjiem, piesamojums
summéjas. Piesarnojuma teritoridla izplatiba novérojama aiz Pampaliem.

5.2. Lauksaimniecibas zemju augsnes un to kimiskas ipasibas

Lauksaimniecibas zemju augsnés Mazeiku apkartné pétijumus veikuSas  vairakas
organizacyjas.  Latvijas Republikas Hidrometeorologijas parvaldes specialist: augsnes
pétijumus 1991. gada veikusi Grieze, Ezere, Zana, Nigrandé un Pampalos, nosakot Cr, Mn,
Co, Ni, Cu, Zn, Cd, Pb, Hg un Fe. Pats parauglaukumu izvietojums nedod iespéju atdalit
Mazeiku NPU “Nafta” radito piesirnojumu no viet€jo piesamojuma avotu radita piesarmojuma.
Darba veiceji nenorada augsnes apakStipu, kas rada problémas rczultatu 1zvériéSana.
Paraugi parauglaukumos nopemti divas rcizes gada - pavasarli un rudcni. Pec iegitiem
rczultatiem iznak, ka atscvi§kos parauglaukumos (Ezeres cicma) hroma, nikela, kadmija,
kobalta u.c. elementu koncentracija ir paliclindjusics 2-4 reizes. Minétas koncentracijas
svarstibas jasaista ar paraugu nopems$anas mctodiku un to analizém. levérojot iepricks
minétas neprecizitates, darba iegiitos rczultitus nav icspéjams 1zvertét.

Latvijas Valsts zemkopibas zinitniskas pétniccibas institiits “Agra” ickartojis 1990.gadi
divus lokala fona parauglaukumus 22 km uz ZA no Mazeikiem un 22 km uz ZR no
Jaunakmenes. Darba autori ncnopamato konkréto fona parauglaukumu victu 1zvélL
Parauglaukumos ar neitronu aktivicijas analizi notcikts - Na, K, Al, Cl, Zn, Sc, Br, Rb, Mn, Fe,
As, Mg, Co, Cr, Eu, Sr, Sb, Cs, Yb, Au, Ca, V, Ti, La, Cu, Ba, Ta, Ni un Zn, Cu, Mn, Pb un Cd
I n HCl izvilkuma ar atom-absorbcijas spcktrafotometru. Augsnes paraugicm veiktas arl
agrokimiskas analizes. Autori pirmos pétijjumus uzskata par metodes apgiiSanas un parbaudes
periodu. To parada ari darba rezultati, jo tic nedod atbildi uz galveno jautajumu - kads ir
attiecigd augsnes apakStipa fons un par cik lokila fona monitoringa parauglaukumos tas
izmainits. 1992.gada Mazeiku ietekmes zona lauksaimniecibd izmantojamo zemju augsnés
petijumus veica Latvijas Universitates specialisti, nosakot kimisko clementu kopsaturu.
Darba veicgji nonaku$i pie secinajuma, ka elemecntu kopsaturu Jauksaimnieciba
1zmantojamo zemju augsnés nosaka augsnes tips, mehaniskais sastavs un glejosanas process.

Visi Sie pétijumi parada, ka, lai noskaidrotu piesamojuma emisijas iectekmi uz augsnes
kimisko sastavu,nepiecieS§ama citadaka metodiska pieeja. Pirmkart, javeic detali petijumi,
lai noskaidrotu augsnes kimisko sastavu pa apakstipicm un atSkirigicm mechaniskiem sastaviem
relativi nepiesamotos rajonos. Otrkart, lai noskaidrotu piesamojuma ietekmi uz augsnes
kimisko sastavu, japéta elementu kustigas formas.
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6. KOPSAVILKUMS

Atmosfera.

Mazeiku VNPU “Nafta” atrodas Lietuvas teritorija 2-3 km uz dienvidiem no Latvijas
robeZas Ventas ieleja. MaZeiku VNPU “Nafta” izmeSos domin€ SO, (16234.3t- 1991.gada),
ogliddenrazi (30058.7 1), taja skaita ksiloli (923.5 t) un benzols (735.3 t), CO (2174.3 t)un NO_
(2822.9 1) (Gaisa aizsardziba Latvija. 1991.gads (atskaite)). MaZeiku ripnica 1zmesu avoti
atrodas dazados augstumos, kas nosaka at$kirigu piesarnojoSo vielu izkliedi pie daZadiem
laika apstaklu tipiem un véju reZimiem. Piesamojoso vielu izkliedi atmosfera pétijusi
Lietuvas, Latvijas un Leningradas Hidrometeorologijas parvaldes un Vilnas Valsts Universitates
Hidrologijas un klimatologijas specialisti. Lietuvas Republika regulari novérojumi zem
lapas 1idz 15 km attdlumam no ripnicas veikti 1984.gada un neregulan turpmakaja perioda.
Parskata apkopojuma autoriem nebija pieejami Lietuvas specidlistu pétijumi, tapéc izmantots
Sasnauskenes Daivas diplomdarbs /Cacnayckerne L., 1989/, kura daléji apkopott minéto
pétijumu rezultati. Latvijas Republikas Hidrometeorologijas parvaldes specialisti zem lapas
povérojumus veikusi 1989.gada, bet 1991. un 1992.gada atmosferas piesarnojuma kontroli
Ezeres, Nigrandes, Zanas un Pampalu ciemos. Latvijas Republikas Hidrometeorologijas
specialistu veikto pétijumu rindas ir loti nelielas un neviendabigas, kas nedod iespéju iegitos
rezultatus interpretét laikd un telpa. Apvienojot Lietuvas Republikas specialistu  un
Latvijas Republikas hidrometeorologijas specialistu praktiskos un teorétiskos pétijumus,
icspéjams izdalit vispar€jas tendences piesarnojoSo vielu izkliedeé no MaZeiku VNPU
“Nalta".

Vislielakais picsarnojums MazZeiku VNPU tuvuma noverots anticiklona apstaklos, péc
siltas atmosféras frontes, domingjot stabilai atmosferas stratifikacijai un nelicliem véju
atrumiem. Dazadu kimisko ingredientu koncentracija atmosfera telpiska un laika griezuma ir
lott atskiriga.

SO, maksimalas koncentracijas novérojamas vasara, v€ja trumam neparsniedzot | m/s.
Picaugot v€ja atrumam virs S w/s, koncentracya palielinas 4 km attaluma no rdpnicas.
Piesarnojumam ar slapekla savienojumiem (NO_un NH, ) lielakds koncentracijas novérotas
vasaras sezond. P&c Lietuvas Republikas specialistu petijumiem maksimalas koncentracijas
novérotas 1,2 km attaluma no riipnicas anticiklona apstaklos. 1992.gada NO, koncentracija
Latvijas pierobeZas ciemos parsniedza republikas vidéjos raditajus.

Ogliudenrazu galvenie piesarnojuma avott ir naftas un tas produkcijas uzglabasanas
rezervuari un parkrausanas estakades. To maksimalam koncentracijam nav izteikts sezonils
raksturs. Maksimalas koncentracijas noverotas 1-5 km attaluma no ripnicas anticiklona
apstak]os.

Oglekla oksida koncentracijas piecaugums vairak novérots rudeni un ziema. Pilnigi
pret€ji rezultati Latvija un Lietuva iegiiti, analiz€jot formaldehida daudzumu atmosfera. Péc
Lietuvas Republikas specialistu datiem formaldebida koncentracija atmosféra ir neliela
(q=0.008 mg/m’, q_, =0.028 mg/m’)/Cacnayckene L., 1989/. Savukart, Latvijas
Republikas Hidrometeorologijas parvaldes parskata par 1991.gadu noradits, ka formaladehida
vidéjas koncentracijas rada potencidlu bistamibu. Formaldehida maksimala koncentricija
Latvijas pierobeZa novérota 1991.gada 14.maya Zapa - q_,=0.084 mg/m’. Augstas
koncentricijas novérotas formaldehidam Zana arl 1992.gada. lespéjams, ka izmainijusies
Mazeiku VNPU “Nafta” tehnologija, kas palielina formaldehida daudzumu izme3os.

Atkirigais piesarnojuma avotu raksturojums, MaZeiku VNPU “Nafta” un ta geografiskais
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novietojums Ventas pazeminajuma rada priek$noteikumus Joti sarcZgitai piesarnojo$o vielu
izkliedei atmosfera. Stabils piesarpojuma areals veidojas tikai 3-4 km attaluma no MaZeiku
VNPU (lo apstiprina arl biogeokimiskas indikacijas rezultati), 1alak no ripnicas piesarnojumam
atmosfera ir diftizs raksturs.

LR Hidrometeorologijas parvaldes specialisti iesaka komplekso laboratonju izvietot
Nigrandg, kas atrodas 12 km uz ZR no MaZeiku VNPU. Bitisks faktors, kas darbojas pret
laboratonjas izvietoSanu Nigrandé, ir relativi mazd DA v&ju atkartojamiba (1991.gada 8 % no
meérijumu skaita). Daudz lielakas priekSrocibas laboratorijas izvietoSana, lai kontrolétu MaZeiku
VNPU “Nafta” ietekmi uz Latvijas teritoriju, ir Zapai, kas atrodas 8 km uz ziemeliem no
naftas parstrades uznémuma, vai ari Griezei, kas atrodas 4 km no uzpémuma. Par labu
kompleksas laboratorijas izvieloSanai Zana vai Griezg liecina sekojosi faktor:

- Ka Grieze, ta Zapa atrodas uz ziemeliem no MaZeiku uznpémuma un, dominéjot

dienvidu v&jiem, vairdku piesarnojuma avotu izmeS$i Uznémuma Summeéjas.

- Dienvidu sektora vé&jiem Latvijas pierobeZza ir daudz lielaka atkariojamiba neka
dienvidaustrumu sektora véjiem.

- LR Hidrometparvaldes parskata par MaZeiku VNPU ietekmi uz Latvijas teritoriju
1991.gada ir noradits, ka gaisa visvairak kaitigas vielas ar vislielako koncentraciju ir
Zapas ciema (SO, CO, benzols, hloridenradis, ksilols, fenols, formaldehids).

- K& Zana, ta Gneze atrodas tehnogéni biogeokimiskaja anomalija, kas izdalas pec
smago metalu koncentracijas stinas un augsnes humusa. Savukart, Nigrandc atrodas uz
anomalijas malas, kur raksturigs tikai atsevisku elementu nehels koncentracijas
pieaugums.

- Izvietojot laboratoriju Griezg, ta varétu kalpot par atbalsta punktu atmos{€ras stavokla
noveérojumiem citas apdzivotas terilorijas.

Turpmakaja darba bez regularas atmosfCras piesarnojuma kontroles, 1zmantojol
komplekso laboratoriju Griezg, nepieciesams veikt epizodiskus novérojumus ari citas apdzivotas
vietas, nemot véra laika apstaklu tipus, meteorologisko apstaklu mainu diennaki,
teritorijas fiziogeografiskos apstaklus un vietgjos piesarnojuma avotus. Tani pat laika
turpmakaja darba veélams izmantot rezultatus, ko ieguvusi Lictuvas Republikas specialisu,
petot MaZzeiku VNPU “Nafia” piesarnojoso vielu izkliedi, lai precizéiu situaciju Latvijas
pierobeza.

Vegetacija un augsne.

MazZeiku apkartnes bioindikaciju veikudi LZA Biologijas institita, Latvijas Universitates,
Latvijas Lauksaimniecibas Universitates un LR MeZiericibas institiita specialisti. Apkopojot
LZA Biologijas institita fitoindikacijas un LR MeZiericibas institila meZa moniloringa
datus, redzams, ka péc abu 3o pétijumu rezultatiem MaZeiku VNPU “Nafia” apkariné izdalas
areals, kura koku fiziologiskais stavoklis ir daudz slikiaks neka pargja republikas dala. Tani
pat laika ka fitoindikacijas, 12 ari meZa monitoringa rezultati sakara ar neliclo parauglaukumu
skaitu nedod iespgju precizi izdalit fitoindikaciju zonu robeZas. Minéta probléma labi redzama
karie (6.1. att.), kur uz ziemeliem no MaZeiku VNPU *Nafta” novérojams relativi labaks
augu fiziologiskais stavoklis neka uz rietumiem un austrumiem no minélas zonas. Tani pat
laika augsnes un sinu biogeokimiskas analizes rezultati te uzrada augstaku piesarnojuma
pakapi. Tas nozimé, ka, turpinot fitoindikacijas pétijumus, atkariba no vides stavokla
nepiecielams mainit tentorijas  izpéles detalizacijas pakapi. NakoSais posms MaZeiku
apkartnes fitoindikacija varétu biit, izmantojot daZadus testus, noskaidrot kadas kimiskas
vielas visnegativak ietekmé augu fiziologisko stavokli Latvijas pierobe2a.

Var uzskatit, ka Mazeiku VNPU “Nafta” icteckmes zona nav veikia koksoes teko3a
picauguma dinamikas izp&le, jo izvielotic tris parauglaukumi (LLU) nedod iespéju izdarit
sccindjumus  par picsarpojuma ictckmi  uz  kokiem Latvijas  picrobeza.  Koksnes
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papildpicauguma trenda  noskardrosana  dotu  iespéju ne  tikar aprckinat ckonomiskos
zaud¢jumus, kas rodas vides picsarnojuma rezultata, bet ari noprecizét rezultatus, lai noskaidrotu
MaZeiku VNPU “Nafta” ictckmes arcalu un intensitdti. Tas iespEjams, pateicoties naftas
uznémuma raZo$anas jaudu izmainam, sakot ar pirmas tehnologiskas linijas palaisanu.

Ziemelrietumeiropas biogeokimiska karté3ana, par piesarnojoso vielu sorbentu izmantojot
sinu, paradija, ka MaZeiku un Jaunakmenes rupniecibas uzp€mumu darbibas rezultata rodas
Eiropas méroga vides piesarnojuma probléma. Vislabak Mazeiku VNPU “Nafta” ietekmes
zona, pateicoties tam, ka to izmeSos dominé V,0, (1991.gada 2922.9 1), izsekojama péc
vanadija daudzuma slnas un augsné. Augstaka vanadija koncentracija raksturiga teritorija -
Vaigode, Embiute, Nigrande, Pampali, Ezere. Te atseviSkos parauglaukumos raksturiga ari
paaugstinata Cd, Cu un Fe koncentracija (6.1. att.).  Iepriek§ minétais piesamojuma
areals ir polistrukturals. To parada augsnes analizes rezuitati (6.1. att.).

MeZu augsnes analizes rezultata 1zdalas apak3aredls Vainodes apkartné. Loti augstais Cd
saturs augsnes nedzivas zemsegas horizontd, iesp€jams, saistds ar bijuS§as PSRS kara
lidlauka darbibu. Pleurozium schreberi sina Cd anomalija nav tik izteikta, jo ta atspogulo
pédéjo tris gadu ietekmi, kad lidojumu skaits tika stipri samazinats. Anomadlijas austrumdalu
ietekmé Jaunakmenes bivmaterialu kombinats. Tehnogéno anomailiju robeZas péc sinu,
sniega un meZa augsnes rezultatiem teritoriali ir loti tuvas viena otrai, kas liecina par anomaliju
stabilo raksturu.

Augsnes kimisko sastavu pétijusi Latvijas Valsts ZPI “Agra” (divos stacionaros), LR
MeZiericibas institita (meZa monitoringa ietvaros), LR Hidrometeorologijas parvaldes
(apdzivotas vietas) un Latvijas Universitates specialisti. Sie pétijumi (LU, LR MeZiericibas
institiita, Latvijas Valsts ZP1 “Agra”) paradija, ka elementu kopsaturs Dienvidkurzemeé
vairak atspogulo ekosist€mu dabiska fona svarstibas neka augsnes piesarnojumu. Tas liecina,
ka augsne Dienvidkurzemé npav 1a piesarnota, lai piesarnojuma kontrolé izmantotu
neitronu-aktivacijas un emisijas-spektrofotometrijas metodes. Daudz labakus rezultatus
piesarnojuma aredlu izdali¥ana dod kimisko elementu kustigo formu izpete (HNO,; un HCl
izvilkuma). P&c N1, Cr, Cd un Cu daudzuma (6.1. att.) meZu augsnes nedzivas zemsegas
horizonta izdalas MaZzeiku VNPU “Nafta” ietekmes areals, kas dalgji sakrit ar sinu biokimiskas
indikacijas rezultatiem.

Apkopojot augsnes pétijumu rezultatus, izdalas vesela virkne problému, kas bitu janem
veéra, turpmak iesniedzot pétijumu rezultatus:

Parskatos nav dotas precizas parauglankumu koordinates un to apraksts.

Parskatos nav noprecizéls augsnes lips un mehaniskais sastavs, kas nedod iespéju
rezultatus talak apstradat un interpretet.

Daudzos parskatos nav dotas paraugu nonemsSanas un analizes metodes, kas turpmakajos
parskatos butu obligatas.

Latvijas Valsts ZPl “Agra” pélijumos péc stacionira parauglaukuma atrasanas victas
nav saprotams petijumu mérkis.

Lai realizétu lokala fona monitoringu, péc misu domam, viens stacionarais parauglaukums

jaizvieto piesarnojuma avota tie$as ietekmes zona, otrs arpus §is zonas.

Kopuma Latvijas Republikas aug$pu 1zpét€ trikst datu par augsnes dabiska fona
svarstibam. Sie pétijjumi tuvakaja perioda biitu jauzsak.

Apkopojot visus pétijumus MaZeiku VNPU “Nafta” ietekmes areala, redzams, ka
uznémumu ietekmes noskaidroSanas process ir loti sareZgits, ko nosaka vesela virkne
prick$noteikumu:

- daudzveidigie dabas apstakli ietekmes areala;

- MaZeiku VNPU “Nafta” sastava darbojosies loti daudzie, atSkirigie piesarnojuma
avotl,

- mtensiva lauksaimnieciska darbiba, kas ietekmé augu fiziologisko stavokli:
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- citu piesarnojumu avotu (Vainodes kara lidlauku un katlu maju, Jaunakmenes bivmateridlu
kombinata u.c.) izmeSu parklasanas par MaZeiku VNPU uznémuma ietekmes zonu.

Bez iepriek§ kopsavilkuma noraditajiem turpmakajiem pétijumu virzieniem
Dienvidkurzemé, biitu nepiecieSams veikt sniega segas kimiska sastava detalu kartéSanu. Tas
dotu iespgju atdalit MaZeiku, Jaunakmenes un Vainodes piesarnojuma arealus.

Ka paradija daudzo parskatu apkopojums, Dienvidkurzemé ir izveidojusies Joti sareZgita
ekologiska situacija, kas Latvijas Republikas valdibai, veicot regtonialo plano$anu, uzhek
par pienakumu pieveérst §im regionam ipaSu uzmanibu, nepielaujot Seit antropogénas slodzes
palielinasanos.
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(-}H'n.'l(')."(,‘ll(,‘TH‘lECKH APCBHITX. TIDHMBTHBHLIX MCXAHHIMOB O06MCHa iolue s Jin,
Snepnut 1 nugopMauny,

Peskoe iamenenie icHOTHE - TOPMOXICHHE POCTE 10 Tihalli:
BOTEOICHHA - CRA3EANU € KOONCPATHBILIM BI2IMOICHCTHHCN 5 2jiHGI o 1
SSLECIIONO TCHOMOB, L HAMEHCRHCM KACTOYHOLO TLIAR W3NS e
JUICHUCM  AACP B KAETKAX NOAHOCTLIO OhOPMIEHBLIX JIHCT 0B, CG
CICHNPHYECKHM H3IMEHEHHEM TEHCTHYCUROTO rdlePHata 1 MOy e
SRCHPCCCHE TEHOB Y pacteliil ropoxa o arypliog: 1) s palrcor:
JOPUXA XAPAKTEPHO H3MEHME BCEIO ALEPHOTO FCHOMa B Pe3VALTATC
SOPCAVIIAMKALIN, A TAKAE HHTPA, MITEP-UCAAVAAPHOC A4epHoro
FeHeTHYECKOTO MaTepHana: 2) Aag  pacrenuii  orypuoo
FHICPTPOWHPORARIAA aMIHIKATIIA TCHOE SUIPLILIKA N ORCNPCLCHs:
HATEM (HOPMHPOBAHUA THFAHTCKHX TPHOOBIANBLIX SAPLILEK 11 BKCIIOpY
HX TIPOAVKTOB HJIM COCTABHLIX 3JEMEHTOB B CHCTEMbLE OJByAHera i
JaslsHere TPancnopTa.

Kamno3zan-M BuaniBaer vieaudenne rereporerioctin JTHK
CONCIOKAILKX OPraliel i KAETOK, 3TU Hecneungiueciis 00ecne nBact nx
CENEKTHBRLIA OTBET 3t MOBLILIAET XNINECHoCcOGHDCTL  PACTEHHIT.
Y ALTPACTPYKTYPA KAETOK Me20g0111a AHCTLER PacTeH i, o0paboTanHmx
KaM1103aHOM-M B KCHLIC (1asbl TOPMOXKEHHS POCTA, OTPKACT AMHAMHYCCKOe
PABHUBECHE MPOUECCOR MYTAreHe3d, KallUepOreHeaa 1 CAaMOHCKPOsA.
[Tonyyenrbie pe3ynbTaTvl NO3BOANIOT 1PCANOAOKUTL, YTO JHCThA
VUACTRYVIOT B KOOPAHNHANWH Moporenieda pacTenuii He TOJUbKO HyTen
IRCHOPTA ACCHMHAATAR H UTOTOPMOLOR, HO TAIOKC 1 FERCTHYECKONG
Mdrepnsana.

RESULTS OF A BIOGEOINDICATIVE SURVEY USING FOREST
MOSS AND SOILS IN THE OLAINE TERPITORY

I Brumelis, 1 Murnieks, O.Nikodemuss
) University of Larvia

Concenirated in the city of Olaine arc located rwo large pharmaceulics:
mdustnes, a gelaiin manufactunng plant, a plasue factory and a number of smal.
indusiries. Puring 1992, armosphzric emissions were surveyed i the Olaine are
using bwogeamndicative methods. This was conducted using the hiesvy meto!
concentiauons s the maoss Pleurozinm schrebrr the uppet seal norizon. a- wel!
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sl sorh agrochenmcatl properues o prf. base suuration, etc. . The
concentiations of Cr. Co. Fe, Cu. Vo Pband Znin moss i most ot the Olamne urcy
dunot2xceed the background levels of Lavia, and southem Scandinavia. Highier
concentrations in moss reaching those tound around industrial centres or notiwer
Europe were found only at 3 ~aiphny locations ¢ companson with Rubling et ali
1992 ). The cuy centre around the thermo-electncal tacility ( TEC ) received e
highest enmissiens of Cr (4.0 me/ke ), Co ( 3.0 mg/kg ), Cu i10.5 mgky o
Fe v 2885 mgkyg ), V(1087 myeke ) and Zn (93 m/kg ), as evidenced oy
concentranons unmoss. The vrganic horizons at the sanpling locatons i this arca
also had the lighest concentrations of these elements. Suils in the area had a
tugher mincralization rate, indicated by pH ( pH, - 5.3 ), higher exchangeabie
vase saturation and more decomposed humus. Higher concenrations of metals in
both moss and the upper soil horizon vccurred in the prevailing wind direction
t north-northeast } from the TEC. The spectra of metal concentrations in this area.
panticularly the Vconcentrations indicate that the point source of these emisstons
1s oil combustion by the TEC.

Another point source was the toxic waste containment ponds in the northern
part of the greater city area. Copper concentrations in moss liecre ( 34.7 mg/kg )
reached the concentrativns around major metal smelters in Scandinavia and the
Kola peninsula, Russia. The moss collection sites were approximately 3-4 m
above the level of liquid waste in the ponds. Around these ponds, Cu (28 my/kg)
and Cry 22 mg/kg ) concentrations in the upper mineral horizons were highest in
local landform depressions. Possible mechanisms for the input of these metals
into the surrounding ecosystem include: 1. gaseous emissions from the ponds.
2. flooding of liquid waste or accidental spills and 3. internal ecosystem cyching
via soil-roots-canopy leuching from contaminated ground water.

Rlatvely high copper ( 8.0 mg/kg ) and zinc ( 164 mg/kg ) concentrations
in humus occurred close to the toxic waste incineralor. Hogher rates of
decompuositivn of organic soils were indicated close tg the domestic waste up.
were the buming of waste results in organic and inorganic emissions. Local
forest-soils had increased levels of Cu ( 9-10 mg/kg ), Pb ( 47-59 mg/ky ) und
Zn ( 76-115 mg/kg ) in the humic hornizon.

In conclusion, in the Olaine area, higher concentrutions of metals and
changes n agrochemical parametrs occur around the TEC, and due 10 waste
Jisposal and incineration. The pattern of emissions is localized around puint
sources. but most of the Olaine are has background levels.
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Peayvabratal 6noreoxmMuyeckoli nnavkawim r. Onaiiue

BB ropone Ounaittie { JlaTBHA ) coCpeaaruueH paa npeanphsyil,
HIODOCLE KOTOPLIX 34 PAIHAKT aTMOCGEDY Il HAKANAHBAIOTC B NOYKE
JEG (PAPMALENTHYECKNX 33R0la, 3aBOJLI 110 IPUHIBOACTBY A@AATh: |
niactmace, TEWL W apyrie.

A XapaKTePACTHKH 3arPASHCHHA NTPHICMHOIL CAOR aTMOC(IEpD
SuleoRaHie THXeAL x Metanaos ( Pho NI, Cr, v, G, Cd v Cu) onpeicin.aoct
ko Mxe Plearoziom schreberi. Copepaianie arux Jke METanAoBs K hoyse
UIPLIEARNOCEL aTOMH-aOCOPOUNOIHLIM MeToLdoM . B necHbix 3KocHCTEMAX
AONIOAHKTENBHO HCCNEIOBANMCH ArPOXHMHYECKHE CBORCTBA NOYEL.

B necHLIX 3KocHCTEMAX TOPOAA I €T0 OKPECTHOCTE OLITH 33aN0Xelbi
22 npubnbix NAOILAAKH AASA ONIPeAChelids YPOBHA 3aIPA3NEHHs MXOB,
PesvanTatbl aHanusa nokasand, 410 Ha 19 npoOHLIX NIOILAAKAX
COUENKANUE TAKENLIX METANLIO0B HE NPERLINIAAD YPOBHHA PETHOHAALHOM
(rainta Jlareun, koknoi Weeany n @anigiing. Toasko Ha 7pex npoliu
HAOIAIRAX KX COACPXanve AOCTHIAN0 YPORHS, XapaKTepHoro Ais
npoMuIaeHHbIx 30H Bantis B Cranamnasnn (Ruhling et.al 1992).
Hanpumep, 8 uentpe ropopa okono TEL conepxanne Cr ( 4,0 Mr/kr ),
Co ( 3.6 mr/xr ), Cu C 10,5 Mr/kr ), Fe ( 2883 mr kr ) M
Zn ( 93,0 mr o kr ). Ha amix npobuulx naomaakax a6ur1anoch
NOBLITUEHHOE COAEPHANNE TAXKENLIX 3/IEMCUTOB B A TOPHIONTE NOYALL,
6Gnee MHTEHCHBHDBIE NMPOUECCW MWHEePAIH3aUbd 11 HeHTpanillaiHi
( pll,. 0KONO 5,3 ) u yBeauyenne cymm oOMentbix ocroBanuii. Kak Bo
MXE. T4K M B A TOPHIONTC MOYMBLI TEXHOTEHNAR aHOMadlst HMeeT
TCHAEHUNID PacnNpoOCTPAHEHHA B CEBEPHUM M CeBEPO-BOCTOYHOM
HallNAaBJelHMAX, MO HafnpaBieHHo JOMHHHPYowuXx serposB. CnekTp
XM HYECKHX 3/IEMEHTOB CBUACTENLCTEYET 0 TOM, YTO OCHOBHBLIM HCTOYHIKOM
RArPASHCHUS TSKEANMH META1aMi B ropoae asasetca TELL, kotopan
PaboT4eT Ha MasyTe.

Avomanbiioe codepxanue Medn Obln0 OGHAPYIHEHO BOKPYVT
OTCTOHHHMKUB AHAKHMX TOKCHHECKHX 0Tx0d08. Hanpumep, coaepiaine
MMM BO MXE, KOTOPHI1 NpoW3pacTas Ha Oaunsnexauledl aiole,
BOssblIaKLeiics Ha 3-4 MeTpa Haa oCTolfKaMi, AocTurano 34,7 Mr, K.
Jaect ke, B NOBHXeHHAX penbedha, KONUTATHPOBAHA EBLICUKAK
xontierpauns Cu (29,0 mr,7xr ) n Cr( 22,4 My, KT ) B OUGE. OYLURIANO
13-34 YTEYKH H3 OTCTORHHKOB.



CUTCALHO  BLICOROC CLLChmabtt e b 3.0 v k-

CIO0 - v KT ) UbIARICHD B TOMBE QUKPNVT - UTALOBOR 1O R
TORCI: RN GTX0I06. B sixe KOMICH  Palitig 21X MEeTALTGE HaMY Gi
HIDKE, 470 COHACTEANCTBYE T O PETHKTORON SdfPALLCHHM (0BG, i
OATHM HCTOYHITKOM JAUPAIHCHIA JCCHBIX JKOCHUTEM KAK ODFEHIHEUKIM Y
TAK H HCOPTAHHYGLCKHMH Cou LIHCHHUAMH, AB THETCA TOPOACKAA CRAIKA. Ld
KOTOpOli APOHCXOAHT CaAiliatilie Mycopa. C()JCD)KBHHE MEA, C3NHId it
UHiIKa B .\ ropudonTe dociarvaet sdecse 9,0, 59.0 0 1150 mrockr
COOTBETC L

Hecoeaonauna yMxa w aous 8 ropode Oaaidne o Saisaemaling
MECTAX HOKa i, 4TO SarPA3HEHHE TAKCABIMH MeTALIAMH HMEET 3/1eCh
JIOKAAbHBI XAPAKTED 1 cocPpeAoTodciio Bokpyr TELL oTctoiiiikoB KX
TOKCHHECKHX OTX020B H rOpOACKOH cBaiiki. FlaMeHenne sl poxusuaeciany
cBOICTB fodsbt ( phl . cyMbl 06seHHBIX OCHOBAHIIT W codepKaiie
OpraHMyYecKkHX BeWECTB ) MO CPABHEHHK € (DOHOBLIMH DAHOHAMH
120.110,12J10Ch B OTAEAbHBIX JICCHBIX JKOCHCTEMAX R UerTRE ropala i
UKOJI0 TOPOACKOH CBAIKH.

THE ASSESSMENT OF ENVIRONMENTAL QUALITY
IN LATVIA USING 8IOINDICATION

V. Balodis
University of Latvia

In govemmental practice, environmental qualily is assessed using standard
allowed levels. This method 1s important for environmental court action agatnst
polluters. However, this type of environmental assessment is far from tdeal. since
it does not allow for the integrated effect of nulti-factors on ecosystems ard s
focused on human effects. Often, environmental degradation has occurred n
areas where allowed levels of pollutants have not been exceeded. For example.
the new forest disease in Germany occurred in regions where standard
environmental assessment predicted minimal anthropogenic effect.

Recently. emphasis has been placed bioindication in eavironmentad
assessment. Ecosystems, as well as lower levels of organization, can be used w
determine the integrated effect or numerous factors. A response in the neguative
direction indicates an immediate need to identify the factorts) responsible.

Bioindicative and biomonitoring surveys have shown that, in general. the
state o fenvironment in Latvia is better than other Europan nations | Mayone
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The effect of RF EM radiation on organisms

DESCRIPTION OF SOILS IN THE SKRUNDA AREA

O)gerts Nikodemus, Dept. of Geoecology and Geomorphology, University of
Latvia, Alberta 10, LV 1010, Riga, LATVIA

The chemistry of surface soils often indicates changes in ecosystems,
including the extent of environmental pollution. The forest sotls of the Skrunda
area were studied to determine if there is any evidence of pollution sources. Plots
were established in pine forests types (Vacciniosa, Myrtillosa, Hylocomiosa,
Sphagnosa) and spruce types (Oxalidosa) in the Skrunda area, as well as further
along transects to known pollution sources at Mazeikiai oil refinery, Lithuania, and
the Liepdja metal smelter.

The forest soils around Skrunda are extremely variable and include ( Latvia
classification with FAO UNESCO, 1990, in brackets): organic soils (Cambic or
Carbic podsols), typic podsols (Cambic or Hapfic podsols), typic podsolised gleysols
(Gleyic Podsols), Humic Podsols (Dystric podsoluvisols) and humic gleysols
(Dystric gleysols or Mollic gleysols). Soil texture is sand, clay sands and sand clays.

Most pine forests around Skrunda are acidic. The pH (KCl) of humus and
mineral horizon are 3.0 and 3.0 - 5.1, respectively. In the Vacciniosa type forests,
Typic Podsolised sands dominate, which have a high hydrolytic acidity in humus
(63.3 - 94.4mg.equ/100g). Base saturation is less than 30%. These levels are typical
of Latvia. The concentrations of elemeants in soils were extremely variable between
horizons and between forest types (Nikodemus, Brimelis, 1993). The mean
concentrations in the soils are given in Table 1a and 1b.

Element concentrations (mg/kg) in forest soils O (OA) and B horizon

Table la
Elem. O or OA horizon
PT PgT P Pv Pg VG

Ni 5,3 5.3 7.7 2.7 11.9 13.1
Co 1.2 1.0 2.3 4.1 4.6 4.4
B 8.9 10.9 16.3 26.2 25.7 32.4
Ba 106 80 202 266 166 304
Ti 463 615 1387 2173 2475 2546
\% 11.8 14.7 18.1 30.0 37.8 443
Cr 6.7 8.9 17.6 28.6 25.8 28.2
Cu 4.2 8.2 7.3 8.8 6.8 8.1
Pb 28.8 32.4 28.9 22.0 29.7 15.7
Mn 207 148 408 1540 477 386
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Table 1b
Elem. B honzon
PT PeT P Pv Pg VG
Ni 8.2 8.6 10.0 18.0 15.5 27.2
Co 3.0 3.7 3.7 5.9 6.6 8.3
B 23.5 24.2 25.1 38.3 47.8 46.2
Ba 277 346 317 390 339 386
Ti 2076 2325 1927 2611 3859 4181
v 14.2 30.3 17.3 43.9 68.4 86.5
Cr 21.6 25.5 21.4 39.0 45.3 50.7
Cu 3.5 4.5 4.3 9.5 10.3 9.5
Pb 10.2 10.3 9.4 12.0 10.0 10.9
Mn 160 189 300 571 327 356
Soil types: PT - organic podsois
PgT - organic podsolised gleysols
P - typic podsols

Pv - humic podsols
Pg - typic podsolised gleysols
VG - humic podsolised gleysols or gleysols

The natural variability due to texture, organic content etc. in the upper and
B horizons is much higher than anthropogenic variability. This is well seen in the
mapped V concentrations in Figure 2. V concentrations are generally higher in a
24 km radius around the Mazeikiai oil refinery, but are also high in plots close to
Skrunda with high clay (> 40% of total weight) contents. The correlations between
clay content and element concentrations were mostly high: r=0.87(V), 0.91(B),
0.80(Ti), 0.59(Ni) and 0.52(Cr). There is no evidence, from these results of metal
emissions around the Skrunda RLS. Exchangeable Al3* concentrations in the
Skrunda soils varied from 0.11 to 1.5 mg equ./100g. similar to Latvia in general.
Hence, it seems that none of the investigated factors have affected the ecosystems
close to Skrunda.

Literature

1. Soil Map of the World. Revised Legend. - Food and agricultural organisation of
the UN, Rome, 1990.

2. O. Nikodemus, G. Brimelis. 1993. MaZeiku ripniecibas objektu ietekme uz
Kimisko elementu koncentriciju sinis un meZu augsnés Latvija. Latvijas Zinatgu
Akad€mijas Véstis. Nr. 9, 58.-64. Ipp.
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Fig. 1. Soil types in sampling locations in pine forests around Skrunda.
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Fig. 2. Total V concentrations (mg/kg) in upper humus horizon.
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ATMOSPHERIC DEPOSITION IN THE SKRUNDA AREA

Ojgerts Nikodemus! and Guntis BrimelisZ. IDept. of Geoecology and
Geomorphology, University of Latvia, Alberta 10, LV 1010, Riga, LATVIA;

ZDept. of Botany and Ecology, University of Latvia, Kronvalda 4, LV 1842, Riga,
LATVIA

The concentrations of elements in forest soils and moss in the Skrunda area
have been studied from 1991 - 1993. At sampling locations soil samples by horizon
and moss (Hylocomiun splendens and/or Pleurozium schreben) were collected for
analysis of clements to give some idea of the potential sources of deposition that
could affect the forests around the Skrunda radar. [nitially, the two most obvious
candidates as major polluters were the metal smelting industry at Liepija and the oil
refinery in Mazeikiai, Lithuania. Forests with a dominant Pinus sylvestns
overstorey were chosen. Total Cu, Zn, Fe, Pb, Ca and Cd concentrations in moss
were measured with AAS, but V with colorimetry. Soils were analysed for Cu, Pb,
Sn, Cr, Zn, Ni, Co, Mn, B, Ti, La, Y, Yb, P, V, Sr, Ga, Zr, Ba concentrations with
emission spectrophotometry and for Pb, Zn, Cu, Ni, Cd, Cr (IM HCI extract) with
AAS.

Topsoil concentrations were more related to natural factors such as clay

content and forest type. The concentrations in thick humus on podsolised soils
seemed somewhat related to the known pollution sources but the effects were not

very obvious. Moss total concentrations were best related to the poilution sources
and could be used to identify the zones of deposition from local sources. The
Vanadium concentrations close to the Mazeikiai oil refinery reached 9.5 mg/kg,
three times higher than normal levels (Nikodemus and Brimelis, 1993). Elevated
metal levels were found up to about 10 to 15 km from the Lithuanian border
radiaily from the Mazeikiai oil refinery, but levels around Skrunda were
background (Figure 1). This metal is a good indicator of the combustion of oil, in
which its natural levels are high. Around Liepija, the Za concentrations in moss
were above 150 mg/kg. In comparison, these levels in Nordic Europe are found
only in one other region, the zinc smelter at Odda Norway (Ruhling et al. 1992).
Background levels are 40 - 50 mg/kg, which were also found around Skrunda.
None of the element concentrations in moss or soil indicated any sign of deposition
in the Skrunda area above background levels.

In 1989, Sphagnum magellanicum 137Cs concentrations in Latvia's raised
bogs were used to explore fallout from the Chernobyl Nuclear Reactor meltdown
(Filipoviés and Nikodemus, 1993). Rain events after the accident that were
associated with the radioactive cloud were major east of Latvia and in Scandinavia,
but were fortunately extremely minor in Latvia, and they were associated with
some highlands and the coastal area. Thus, while countries in front of and after
Latvia in the direction of the North - West moving radioactive cloud received much
fallout, Latvia was spared. Skrunda is situated in one of the areas where some rain
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showers occurred and hence !37Cs concentrations in Sphagnum there were
increased by a factor of 2, but far from levels that would cause worry. Similar
results were found in a forest monitoring project (Laivigs et al., 1993).

References
Laivigd M., M. Sipols and D. Riekstig3. 1993. Regionilais MeZa Monitorings. Riga,
Latvia, 149 pp.

Filipovés J., and O. Nikodemus. 1993. Radionuklidi Latvijas teritonja. Latvijas
Arsts, 2: 204-213.

Nikodemus O. and G. Brimelis. 1993. MaZeiku ripniecibas objektu ictckme uz
kimisko elementu koncentriciju sinis un meZa augsnés Latvijd. Proceedings of
the Latvian Academy of Science, 9:58-64.
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Fig. 1. V concentrations (mg/kg) in Pleurozium schreberi moss in Kurzeme.
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Fig. 2. Zn concentrations in Hylocomium splendens moss in Kurzeme.
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Biological monitoring in Latvia using moss and soil:
Problems in the partitioning of anthropogenic and natural effects

G. Brumelis!, & O. Nikodemus?

'Department of Botany and Ecology. Faculty of Biology. Universitv of Latvia.
Kronvalda 4. Riga. LV 1842, Larvia
*Department of Environmentul Protection. Fuculty of Geography,
University of Lutvia, Alberta iela 10, Riga, LV 1010, Latvia

Keywords: soil types. forest types. heavy metals

1. Introduction

Mosses have been widely used as bioindicators of atmospheric deposition (Ruhling and
Tyler. 1971; Folkeson. 1979, 1981: Pilegaard. 1979. Rasmussen and Johnsen, 1976;
Ruhling er al.. 1992). The suitability of this method requires that; a. the moss species
used is dependent upon precipitation for nutrient input; b. metals are absorbed and re-
tained by the moss and: c. that other sources of metal input are minimal.

After testing of various species as bioindicators, the feathermosses Hvlocomium
splendens (Hedw.) BSG and Pleurozium schreberi (Brid.) Mitt. have been reported to
be the most suitable for heavy metal surveys, due to their wide distribution and their
dependence on rainfall for nutrients (Foikeson, 1979). Ruhling and Tyler (1970) dem-
onstrated differences in the sorption and retention of heavy metals by the moss H.
splendens using leaching experiments. The moss technique was determined to be most
suitable for copper and lead, and the least suitable for manganese. Recent work indi-
cates that the acidification of throughfall by the canopy, as well as ecosystem metal
fluxes. vary between forest community types (Berggren. 1990). Other sources of metal
input, besides precipitation, contribute to the levels in moss (Ross, 1990: Steinnes.
1985: Steinnes et al., 1991). Thus, the interpretation of results from a moss survey of
heavy metals should include an assessment of the contribution of metals from other
sources besides atmmospheric deposition.

The effect of sources other than direct atmospheric deposition can be minimized by
imposing strict criteria for site selection. However, to achieve an adequate sampling
net in large scale international or national surveys. it is often not possible to locate
suitable sampling sites. Thus, the practical use of this method may require loosening
the sample criteria. Difficulty in locating the particular bioindicator in some areas may
also occur. The use of the organic layer or the upper mineral horizon of soils for practi-
cal heavy metal monitoring is an advantage in the ease of collection, but may not be
suitable due to background vanation in concentrations. [n this study. Hvlocomium
splendens and Pleurozium schreberi moss, the organic layer and the upper mineral ho-
rizon were collected from Pinus sylvestris community types in a small country (64.600
km?), Latvia. The effects of soil and forest ecosystem types on heavy metal concentra-
tions were determined, to assess the suitability of these indicators for practical use.
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2. Study Area

Latvia. located on the Eastern European Plain adjacent to the Baitic Sea, has a topog-
raphy formed as a result of pleistocene ice sheets. Lowlands and uplands range from 0
to 312 m above sea level. The climate is best described as either temperate-continental
or a transition from occanic to continental. Podsolic soils predominate in the country.

3. Methods
3.1 Field collection

During the summer and fall of 1990, three samples ot H. splendens were collected
trom each ot 81 Pinus svivestris (Scot’s pine) stands distrnibuted throughout Latvia.
Sampling intensity was increased in areas with suspected atmospheric deposition
sources. Three replicates were collected. each consisting of three |5 cm x 15 cm
patches of moss, from an area of at least 20 m°. H. splendens was collected as far as
possible from the edges of tree canopies. However, in certain regions, where Picea
abies dominates. H. splendens was only found growing close to the canopy drip zone.

During 1991, more intensive monitoring of heavy metals was conducted in south-
western Latvia. This area was chosen due to known local sources of atmospheric emis-
sions. Pleurozium schreberi, the organic layer and the upper mineral horizon were col-
lected from the sites. Moss was collected as described earlier. Complete soil pits were
dug and soils were classified following Mezals (1980). Around each pit. tive samples
(10 cm x 10 ¢m surface area) of the organic layer were removed down to the mineral
horizon. which were later mixed. The fibric, mesic and humic components were not
separated. One grab sample of the upper mineral hornizon was taken from each pit.

Sample sites were classified following the Latvian forest ecosystem classification.
This classification was originally developed in the early 1900’s based on Braun-
Blanquet methods. but subsequently has been modified to suit forest management and
ecological research (Buss 1987). It includes soil and vegetation factors. and 1s related
to animal communities.

3.2 Sample analysis

Moss samples were dried at 40 degrees C and forest litter was removed using clean
hands. The last three complete growth increments were used for analvsis. Samples (2
g) were digested to completion in boiling nitric acid. In Hyvlocomium splendens. the
metals Cd. Co. Cr, Cu. Fe, Mn, Ni, and Pb were determined using AAS (Perkin Elmer
403). Cu, Fe. Pb. and Mn were determined in Pleurozium schreberi samples. Soil sam-
ples were air dried. sieved (Ilmm mesh) and dry ashed at 450 degrees Celsius for 4.3
hours. The total concentrations of Ti, B. V. Cr. Co. Cu and Pb were determined in soil
samples using an emission spectrograph ISP-28 and [SP-30.

One way analysis of variance was conducted for the concentrations of each element
in moss, the organic layer and the upper mineral horizon to determine if differences
exist between forest types and soil types.
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4. Results

4.1 Forest and soil types

Sampling sites were located in seven forest types and six soil types. Each of the sur-
veys (national and local) included only five forest types. For each forest and soil type.
the sampled sites were distributed throughout the area studied. Sites were found in
both regions close to anthropogenic emissions and unpolluted areas. The over-repre-

sentation of a parti

cular type in one region was not observed.
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Forest stands ranged from monoculture P. svivestris on sands with a ground cover of
feathermoss. to mostly P. ahies forests with hardwoods and a ground cover of dense
herbs and grass. The Cladinoso-callunosa type is characterized by pine monocultures
with Culluna vulgaris, lichens and Vaccinium vitis-idaea in the understorey. Stands lo-
cated on sands with a P. abies understorey are classitied as the Vacciniosa type. Here,
Vaccinium vitis-idaea and V. myrtillus with diffuse lichens and Culluna vuigaris are
common. P. uabiex reaches the P. svlvestris overstorey in the Myrtillosa type and the
herb ground cover is increased and more diverse than in the previous types. Sites with
an increased component of Picea abies are classified as Hylocomiosa. The Vaccinioso-
sphagnosa and Mpyrtillosa-sphagnosa types arc similar to the Vacciniosa and
Hylocomiosa types respectively, but occur on wet soils and Sphagnum spp. are found.
The Oxalidosa type includes P. ubies stands with scattered to no P. svivestris. Soils are
rich well-aerated sandy loams. Oxalis ucetosellu. Vaccinium myrtillus and graminoids
form the ground cover.

Figure | shows the relationship between the forest ecosystem and soil classifica-
tions, along a landscape gradient. Typic podsols have a thick poorly decomposed or-
ganic layer and are associated with the Cladinosa-callunosa and Vacciniosa types. An
organic layer separated into fibric, mesic and humic horizons characterizes organic
podsols and organic podsolic gleysols. Organic podsols are dry and support the
Hylocomiosa and Myrtillosa types. Decomposition is faster in humic podsols and a
humified upper mineral horizon is found. Thus. the vegetation is richer with a
Hylocomiosa or Oxalidosa forest. Organic podsolic gleysols are more wet with an ac-
cumulating organic layer, and Sphagnum species are found. Podsolic glevsols are rich
moist soils where Sphagnum species may or may not be found. The richest soils are
humic gleysols which support the Oxalidosa type.

4.2 Statistical analvsis
Homoscedasticity was indicated for all elements by a Bartlett's test.
4.2.1 Differences between forest ecosystem types

One Way Analysis of Variance indicates significant differences between forest types
for Cu. Pb, Fe, Mn, Cr and Ni concentrations in Hvlocomium splendens (table 1). The
concentrations of heavy metals in H. splendens were higher in the rich mesotrophic
Oxalidosa type with a dominant P. abies canopy. With the exception of the mobile efe-
ment Mn, the forest types differed in metal concentrations in moss by up to a factor of
two. The lowest concentrations were found in the nutrient poor Cladinosa-callunosa
type. characterized by a sparse canopy. However, no significant ditferences in the
metal concentrations in P. schreberi between forest types were observed in the inten-
sive survey of south-western Latvia. These results are not presented.

Differences in the accumulation of some metals (Co. B. Ti and Cr) in the organic
layer varied by up to 380 percent between forest types (table 2). Similar to the concen-
trations in moss, the organic layer in rich forest types accumulated more metals. Cu
concentrations did not differ significantly. The metal concentrations in the upper min-
eral horizon are less variable between forest types. and only Pb concentrations differed
significantly (table 3).
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Tuble ]. Heavy metal concentrations in Hylocomium splendens. grouped by forest ccotype. Signiticance
levels, means, standard deviations and sample sizes are given. Ecosystem type codes: Ce - Cladinoso-
callunosa; Va - Vacciaosa: Vs - Vacctnroso-sphagnosa: H - Hylocomiosa: () - Oxahdosa. Concentrations

are given in mg kg '

Forest ecosystem type

Cc Va Vs | H 0
(mg_kg ")

Cu p<0.001
mean 6.1 6.8 6.1 6.7 8.7
SD 1.3 1.6 1.9 1.7 1.3

Pb p¢0.001
mean 18.2 20.8 18.3 19.3 24.8
SD 3.4 5.9 4.9 4.0 4.3

Fe p<0.001
mean 439 504 420 446 641
SD 129 137 186 158 181

Mn p<0.001
mean 210 321 250 328 572
SD 99 165 140 165 349

Cr p<¢0.01
mean 2.7 3.2 3.1 2.8 3.4
SD 0.8 0.8 1.0 0.6 0.8

Ni p<0.01

mean 3.7 4.0 3.8 3.9 6
SD 1.0 0.8 0.8 0.6 1.2
Cd n.s.
mean 0.38 0.39 0.39 0.38 0.41
SD 0.07 0.07 0.06 0.07 0.07
Co n.s.
mean 2.9 3.1 3.0 2.9 2R
SD Q.4 0.5 0.4 0.4 0.7
n 24 27 9 14 7

4.2.2 Differences between soil types

The concentrations of metals in P. schreberi did not differ significantly between soil
types (not presented). However, significant differences occurred for metal concentra-
tions (Co, B, Ti, and Cr) in the organic layer and the upper mineral horizon (tables 2
and 3). The magnitude of these differences (200% to 600%) was higher than those be-
tween forest ecosystem types; indicating a tighter correlation between the meral con-
centrations and sotl types. Lower concentrations were observed in soil tvpes with deep
organic layers (typic podsols, organic podsols and organic podsolic glevsols). No sig-
nificant differences were observed in the concentrations of Pb and Cu in both the or-
ganic layer and the upper mineral horizon between soil types.
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Table 2. The concentrations of metals in the humus layer of soils, grouped by the soil type or forest
ccosystem type. Signiticance levels, means and standard deviations are given. Legend: SOIL TYPES: OP -
organic podsol: OPG - organic podsolic gleysol: P - typic podsol: HP - humic podsol: HP - podsolic
gleysol: HG - humice gleysol. FOREST ECOTYPES: Va - Vacciniosa: MS - Myrtilloso-sphagnosa: M -
Myruilosa: H - Hylocomiosa: O — Oxalidosa. Concentrations are given in mg kg '

Soil type Forest Ecosytem type
op oPG P HIP PG HG Va MS M | H 0
mg kg mg kg

Co p<0.001 p<0.01
mean 1.2 1.0 2.3 4.1 4.6 4.4 1.2 1.2 1.8 3.3 4.0
SD 0.4 0.3 0.3 1.5 0.7 0.6 0.3 0.5 0.4 0.4 0.7
B p<0.001 p<0.001
mean 8.9 10.9 16.3 26.2 25.7 32.4 8.8 10.8 13.4 23.8 24.6
SD 1.7 1.5 1.6 4.5 3.0 3.0 1.2 2.8 2.4 2.0 2.7
Ti p<0.001 p<0.001
mean 463 615 1387 2173 2475 2546 546 697 931 2054 2087
SD 93 148 201 396 350 357 74 316 200 242 267
v p<0.01 n.s.
mean 11.8 14.7 19.1 30.0 37.8 44.3 12.4 12.1 13.6 26.3 35.1
SD 2.7 2.6 4.5 6.0 9.0 6.2 2.5 3.3 1.7 4.5 6.1
Cr p<0.01 p<0.01
mean 6.7 8.9 17.6 28.6 25.8 128.2 8.7 9.5 12.4 21.5 26.9
SD 1.0 1.5 2.5 8.8 4.0 3.6 1.3 3.7 2.2 2.4 4.1
Cu n.s. n.s
mean 4.2 8.2 7.3 8.8 6.8 8.1 8.5 6.7 6.6 6.0 8.7
SD 1.0 2.8 0.9 2.7 0.9 0.8 2.2 2.1 1.4 0.6 1.3
Pb n.s. p<0.05
mean 28.8 32.4 28.9 22.0 29.7 15.7 36.4 29.0 33.6 19.3 26.4
SD 3.1 5.3 3.1 2.1 7.0 1.5 4.4 4.1 4.0 1.3 4.0
n= 6 6 23 7 7 9 6 5 9 19 19

5. Discussion

Other sources besides atmospheric deposition are known to contribute to the heavyv
metal composition of moss (Steinnes er al., 1991): a. the natural cvcling process. par-
ticularly the deposition of emissions from marine sources. b. leaching from the tree
canopy and understorey vegetation, c. leaching from litter fall and d. windblown min-
eral particles. All of these factors will likely amplify the metal concentrations in the
organic layer, which is subject to accumulation for longer periods of time. The lowest
concentrations in H. splendens and the organic layer were found in the Cladinosa-
callunosa, Vacciniosa, Vacciniosa-sphagnosa and Myrtillosa types. These tvpes are
relatively free from understorey woody, herb and graminoid vegetation. and have dif-
fuse tree canopies. Moss samples can be easily collected in open patches where pre-
cipitation can fall without interception by other vegetation. Litter fall. which can add
to the mineral loading, is minimal. The organic layer is thick, and the mixing of soil
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Tuble 3. The concentrations of metals in the upper mineral horizon of soils grouped by the soil type or forest
cecosystem type. Signiticance levels. means and standard deviations are given Legend: SOIL TYPES: OP -
organic podsol: OPG - organic podsolic gleysol: P - typic podsol. HP - humic podsoi: HP - podsolic
gleysol: HG = humie gleysol. FOREST ECOTYPES: Va - Vacainiosa: MS - Myrtilloso-sphagnosa; M —
Myrtillosa: H - Hylocomiosa: O - Oxalidosa. Concentrations are given in mg kg ©.

Soll type Forest Ecosystem type
QP oPG P FP PG HG Va MS M 1H 0
mg kg’ ng kg’
Co p<0.001 n.s.
mean 3.0 3.7 3.7 5.9 6.6 8.3 3.2 5.2 .7 4.7 5.7
SD 0.1 0.7 0.2 1.5 1.2 1.3 0.2 2.2 1.1 0.5 0.8
B p¢0.001 n.s.
mean 23.5 24.2 25.1 38.3 47.8 46.2 2.2 33.2 24.2 32.4 39.9
SD 2.1 2.4 1.1 8.5 7.3 5.5 1.3 13.1 1.1 2.9 3.9
Ti p¢0.001 n.s.
mean 2076 2325 1927 2611 3859 4181 1677 2097 2130 2658 3339
SD 316 263 143 257 680 757 231 387 249 213 485
v p<0.005 n.s.
mean 14.2 30.3 17.3 43.9 68.4 B86.5 11.8 54.8 29.3 36.3 49.0
SD 1.2 12.3 1.7 16.9 19.9 16.5 1.2 25.3 13.4 7.1 11.4
Cr p<¢0.005 n.s.
mean 21.6 25.5 21.4 39.0 45.3 50.7 16.3 34.9 28.1 33.9 34.4
SD 2.1 5.9 2.0 10.8 9.0 10.1 1.5 16.8 8.0 3.8 5.4
Cu p¢0.001 n.s.
mean 3.5 4.5 4.3 9.5 10.3 9.5 3.9 7.2 6.5 6.5 6.9
Sh 0.7 0.7 0.4 2.3 1.8 1.8 0.3 3.3 2.1 0.7 1.1
Pb n.s. p<0.05
mean 10.2 10.3 9.4 12.0 10.0 10.9 16.5 14.1 9.4 10.3 9.3
SD 1.2 0.8 0.5 2.2 1.2 1.1 0.8 2.8 0.8 0.5 0.7
n= 6 6 23 7 7 9 6 5 9 19 19

particles with moss and the organic layer by soil fauna is less likely. The highest con-
centrations of metals in H. splendens and the organic laver were found in the
Oxalidosa and Hylocomiosa types. where H. splendens can be found only under and
close to the P. abies canopy. Also. the understorey vegetation is the densest in this
type. Minerals obtained by root uptake of trees may be leached onto the moss ground
cover and the organic layer. Similarly. additions may occur from leaching from herb
and graminoid vegetation. and from the copious amounts of litter fall. The organic
layer is thin and contamination by soil particles may also occur. Also. heavy metals are
likely concentrated in the organic layer of richer forests due to higher decomposition
rates.

No ecosystem or soil effects were observed in the local P. schreberi survey. This in-
dicates that the variation in concentrations due to atmospheric deposition from local
sources is higher than from other biotic and abiotic sources.The area of south western
Latvia, (where these samples were collected), include large point sources of atmos-
pheric emissions (oil refinery, cement producer, metal smelter). However, when sam-
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ples were collected on a larger scale in a national survey of background levels of at-
mospheric deposition using H. splendens. the ccosystem effect was evident (Table 1).
If the Oxalidosa type is removed from the data set. the ecosystem effect is no longer
significant. Generally. the background variation in the concentrations of metals in
feather mosses is in the same range as that due to anthropogenic sources in Latvia.
When the organic layer is used for heavy metal monitoring, the background vanation
is increased relative to that due to atmospheric emission. Sites with a thin organic layer
and increased clay content (podsolic gleysols and humic gleysols) were more variable
(table 2). The organic layer of these site types is undoubtedly more contaminated by
soil particles, which increases the metal concentrations.

Mapping of heavy metals was conducted using the metal concentrations of the or-
ganic layer and P. schreberi collected only from the soil types with a thick organic
layer (typic podsols. organic podsols and organic podsolic gleysols) in south western
Latvia (Nikodemus and Brumelis, 1993). Although the natural variation in this data
subset was still high (mean concentrations varied by up to a factor of 2 or more), the
effect from pollution sources was significantly higher. Maps were produced which
showed an explainable pattern of atmospheric deposition from known industrial
sources. If only the most common soil type in this region was used (typic podsols), the
maps did not have adequate resolution to distinguish local point sources of pollution.

The ecosystem effect was not evident for the total metal concentrations in the upper
mineral horizon. Here, the total concentrations are due to natural levels which vary be-
tween soil types, and the variation due to atmospheric deposition is minimal. The clay
content of these soils best correlates with the concentrations of elements such as Cr, Ti,
B and Ba.

Theoretically, a bioindicative survey of heavy metals using moss or the organic
layer should be restricted to only one strictly detined type. Preferably, this chosen eco-
system should have a sparse canopy and thick organic layer . However. if narrow re-
strictions are made on the adequacy of sampling sites, even within the small area of
Latvia, a heavy metal survey with a sufficiently dense sampling net using H.
splendens. P. schreberi or organic layer as a bioindicator i1s not possible. For example.
the preferred Cladinosa-callunosa type is only found along the coast und in a few in-
land areas. Raised peat bogs. which are most dependent on incident rainfall for nutrient
uptake and have minimal vegetation, are likely the best sampling site type. However,
their spatial distribution in Latvia and Europe does not allow good resolution of heavy
metal distribution.

The problem of uniform site type is likely to be more acute in large international
surveys. For example, the heavy metal mapping of Scandinavia (Ruhling and Tyler.
1971) or Nordic Europe (Ruhling er al., 1987; 1992) involved a geographic distribution
from southern temperate mixed-wood forests. through boreal coniferous forests. to
Arctic heath and peatland. The effect of ecosystem type on the metal flux in soil hort-
zons has been demonstrated (Berggren et al. 1990). Cycling of Cd and Pb contributed
to the metal input to the soil surface from root uptake. canopy leaching and litter fall.
Steinnes (1985) determined that the zinc concentration of moss was too high to be ex-
plained by atmospheric deposition alone. In areas far from point sources. chromium
concentrations in moss were found to be related to soil dust (Ross 1990, Steinnes
1991).

While a component from sources of heavy metal input other than atmospheric depo-
sition was indicated in this survey, the moss and organic layer survey methods appear
sufficiently sensitive to indicate the major pollution point sources in Latvia when the
site types with extreme concentrations are removed. In Europe, the concentrations due
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to atmospheric deposition from major point sources are usually increased to such an
extent that noise from other sources is muffled. The purpose of regional (national or in-
ternational) surveys is, for the most part. to locate these major point surveys. Interpre-
tation of results often ignores or cannot resolve other variations. On the other hand,
since Latvia lacks point sources of the magnitude found n neighbouring industrial
countries. the relative effect of the deposition component from sources other than at-
mospheric pollution was enhanced allowing the determination of the ecosystem and
sotl effect. Clearly, betore large scale surveys are conducted. the natural variation
should be quantified and compared to that from anthropogenic sources. Thus, site se-
lection criteria could be developed that allow a dense enough sampling net, but do not
result in spurious data due to natural sources.

6. Summary

Concentrations of heavy metals (Cu, Pb. Fe, Mn. Cr, Ni. Cd. Co. B. Ti. and Zn) were
determined in Hvlocomium splendens, and the organic layer of soil collected from
Pinus svivestris stands in Latvia. [n a local regional survey ot south-west Latvia. sam-
ples of Pleurozium schreberi were similarly analyzed. Sampled sites were classified
into forest ecosystem types and soil types. Differences occur in the concentrations of
heavy metals in Hvlocomium splendens and the organic layer between Pinus sylvestris
forest types. An effect of soil type on the concentrations was observed for H.
splendens. the organic layer and the upper mineral horizon. No significant differences
were found in total concentrations of metals in P. schreberi between soil or forest
types in the local survey. The differences between forest and soil types in the concen-
trations of metals in moss and the organic layer are suggested to be due to the heavy
metal input component from natural sources such as leaching from the tree canopy,
understorey vegetation, litter fall, mixing with soil particles. and differences in the rate
of decomposition. Variation of total metal concentrations in the upper mineral horizon
1s due to natural variation between soil types. Before conducting heavy metal surveys,
site selection criteria must be adjusted to attain an adequate balance between extending

criteria to allow better mapping resolution and minimizing the etfect of background
variation.
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zemsegas kimiska sastava. Elementu akumul&3$anas atskiriga Intensitate
kokaugos ir skaldrojama ar augsnes ipasibu veicino$o val bremz8joso
ietekmi 0 elementu uznemsana.

Zemsega konstatata kimisko elementu infrastruktaras agregacija (Co;
Fe; Sm; As; la; Ce; Th; Hf u.c.). To veido8anos var izskaidrot ar
piesarnotajvielas komponentstruktiras specifiku atseviskas industrijas
sféras. Kimisko elementu akumulacija nedzivaja zemsega ir individuala.
Pamatcalonis ir augsnes kimiskals sastavs nevis gaisa plesamojums.

Lai raksturotu koku pieaugumu izmainas, ir aprakinati ikgads|le
augstuma, caurméra un krajas pieaugumi p&déjos 20 gados. Pleaugumu
svarstibas visos parauglaukumos ir lidzigas, neatkarigi no to izvietojuma.
Tas liecina par k&du koplga letekmes veida Isteno8anos. lespdjams, ka
§ada ietekme, kas izpauzas telpa no Ventspils fidz Stren¢iem, ir gaisa
piesarnojums.

Saistiba ar koksnes pieaugumu un vainagu veselibas stavokli nov8rotas
tendences:

1) jo lielaka defoliaci]'a. jo lielaki pieaugumi;
2) jo lielaki pieaugumi, jo mazaka dehromacija.

Pirma tendence, lesp8jams, ir saistita ar koku degredacijas gaitas
(piesarmojuma ietekma) kvantitativo l0zumu (skuju zudums lfdz 25%).
Patniecibas darbu gaita izvirzas valrakas teorstiski neskaldras

problémas:

1. Kvalitativo punktu izdalisana koku fiziologiska stivokla pasliktind3anas
gaita. (Masu dati liecina, ka pastav divi $adi punkti. Viens - kur mainas
pieaugumi, otrs - kur 8kirds dehromacija).

2. Precizét piesdmotajvielu akumulaSanas celu nedzivajd zemsega.
(Masu dati liecina, ka vispirms tiek piesdmota augsne, tad augi,
visbeidzot tiem atmirstot piesdmojas nedziva zemsega).

3. Izzinat kimisko elementu agregacijas c8lonsakaribas.
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PIRMIE PET]JUMU REZULTATI RUCAVAS UN TAURENES

INTEGRALA MONITORINGA STACIJAS LATVIJA

O. NIKODEMUS, G. BRUMELIS
, Latvijas Universitate
Latvijas Republikd Konvekcljas “Par parrobezu gaisa piesamojumu
pamesi lielos attalumos”ietvaros un, lai kontrol&lu dazada limena
ekosistdmu izmainu regionala fona apstakjos izveidotas divas
integrald monitoringa stacijas - Rucava un Tauren8.

Galvenie integrala monitoringa uzdevumi ir:

O piesamojuma limena noteik§ana daZadas vidés un
ekosist&mas komponentos;

Q plesamojuma ietekmes ipatnibu un ekosistémas alblldes
reakcijas noskaidroSana,;

O vides izmainu prognozdsana, nemot vé&rd pamrrobeZu
piesamojuma lielumu un klimatu dinamiku (l,ulko ., Frolova
M .,1994).

Integralda monitoringa staciju izvietojuma ievéroti sekojosi principi:

O minimala saimnieciskds darbibas un lokalo piesamojuma
avotu letekme;

O viss monitoringa Gdens baseins atrodas meza;
O fona novérojuma iespéja minétajos rajonos (Latvijai seviski
aktuals regions parrobetu piesarnojuma kontrold ir
Dienvidrietumkurzeme);
Q iepriekd&ju novérojumu esamiba (Rucava - EMEP (Euro-
pean Monitoring and Evolutin Programme) programmas
ietvaros velkta parrobeiu piesdmojuma kontrole) .

Pamatojoties uzintegrala monitoringa uzdevumiem un izvieto8anas
principiem, moniloringa stacijas 1994. gada ierikotas Dzérbenes un
Rucavas meZniecibu Ligupes lab3s pietekas un Taurinu ezera
pietekas baseinos. Latvija inlegrald monitoringa patijumus koording
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Hidrometeorologijas parvalde. Patijumu metodika balstas uz
starptautisko integrala monitoringa programmu (Manual for Integrated
Monitoring, 1993).

Augsnes un vegelacijas izp&les parauglaukumi iekartoli priezu audzés
(Vaccinio vitis-idaca-Pinetum) uz lipiska podzola augsn&m. Pirmie
pétijumu rezultati pardda, ka Rucavas parauglaukumos piesamofuma
parrobeZu pameses rezultatd novérojama daudz lielaka antropogéna
slodze neka Taurena. ey

i Rucsava (sugsne)

4 |8 Taurens (mugsne)
O Rucava (s0nas)

 Taurens (s0nas)

o In Cu N
1.aft. Pb, Zn, Cu un Ni koncetraclja (mg/kg) siin&s un augsnes
nedzivds zemsegas horizonta Rucava un Taurené, 1994.

Salidzinot Rucavas un Taurenes stacijds iegOtos rezultatus
(1.alt), redzams, ka augsnes nedzivds zemsegas horizontd un
sinds smagie metali Rucava ir vairak (Pb-1.6, Zn-1.8, Cu-1.5, Ni-
1.1 reizes). Tipisko podzolu augsnu nedzivds zemsegas horizonta
elementu koncentracijas starpiba starp Rucavu un Taureni ir
daudz lielaka nekd sana. Tas apliecina, ka Rucava regionala fona
piesamojuma hmenis ir ilgstosi daudz augstdks neka Vidzemes
centralajad daja. Salidzindjuma ar Somijas Integrald moniloringa
stacijas iegOtajiem rezultatiem, Rucavas stacija svina koncentracija
augsnes O horizontd ir divas reizes augstaka (Star M., 1995).
Augsnes mineralajos horizontos nav nov&rojamas bltiskas smago
metalu koncentricijas at8kiribas starp Rucavu un Taureni.

Laboratorija izanaliz&jot M. Laivina savaktds meZa nobiras,
konstatéjam, ka meZa nobiras Rucava satur daudz vairak kimisko
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elementu nekd Tauren&. Koncentraciju slarpibu vél vairak palielina
nobiru masas starpiba (Tauren&-134.477 g/m?, Rucava-192.953g/m?).
Lidz arto Rucava ar nobirdm vasara unrudeniizsézas gandriz divas
reizes vairak smago metalu neka Taurené (2. att.). Pirmie monitoringa
pétijumu rezultdti parada, ka piesarnojuma

A
12
10
8
‘E ORucava
s "’3 W Taurene
4
2
0 T r
Zn Cu Pb
B
50
40
g 30 O Rucava
€ 20 B Taurens
10
0 (— | [
Cu Pb

2.att. Pb, Zn, Cu un NI koncetracija meZa nobiras
(A - g/m’, B - mg/kg).

parrobeu pameses rezultata bdtiskiatékiras regionalais piesamojuma
fons Latvija, kas izpauzas augsnes un augu kimiska sastava.
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THE RESULTS FROM THE RUCAVA AND TAURENE
INTEGRATED MONITORING STATIONS, LATVIA

As aresult of the Latvian Republis Convention,"On trans-boundary long-
distance air pollution transport®,to assess the changes in ecosystems at
various levels, two integrated monitoring staions have bee set up -
Rucava and taurene. RN

The main goals of Integrated monitoring are to:

0 determine pollution levels in various environmental and eco-
system components;

0] determine pollution effects and reactions of ecosystems;

Q prediction of ecosystem changes, taking into account the level
of pollution and climate (L.ulko I., Frolova, M., 1994).

The locations of stations were chosen to:

Q minimise local pollution effects and activities;

Q the entire water basin must be forested;

Q background conditions can be measured (in Latvia it is impor-
tant to monitor southem Kurzeme);

0O past monitoring (Rucava - European Monitoring and Evolution
Programme).

in 1994, monitoring stations were set up in the Dzérbene (the right tribu-
tary of Ligupe River) and Rucava (Taurinu Lake Basin) Forestry Dis-
tricts. The stations are managed by the Latvian Hydrometeorological
Depariment and are measurements follow the “Manual for integrated
Monitoring, 1993".

Plots for the study of soil and vegetation were set up in pine stands
(Vaccinio vitis-idaca - Pinetum) on podsols. The results show that the
pollution levels at Rucava are much higher than Taurene (Figure 1). In
the organic horizon of soils, at Rucava heavy melal levels are higher
(Pb-1.6, Zn-1.8, Cu-1.5, Ni-1.1 times). In the organic layer, these differ-
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ences are higher than in moss, indicating that these efects have been
long-term. In comparison with the respective data in Finnish stations,
Pb concentrations at Rucava are 2 times higher (Starr M., 1995). In the
mineral horizons, Levels are similar between Rucava and Taurene.
Forest litter, collected by M.Laivin3, also has higher levels of pollutants
at Rucava than Taurene, which is magnified by the biomass of litterfall
(Taurene-134.5 g/m?, Rucava-193.0 g/m?). Therefore, at Rucava, almost
two-limes more pollution is deposited than at Taurene (Figure 2).
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RIGAS TERITORIJAS SEISMOTEKTONISKA RAJONESANA

Georgs NARBUTS, pensionéts geologs

ANO pasiudinajusi 1991.-2000.gadus par desmitgadi, kurad jdsamazina dabas
katastrofu izraisitie zaud@jumi. Eksogéno un tektonisko geodinamisko procesu
aklivizicija un globalars raksturs pasreiz&jd Zemes attistibas etap3 [auj secinit, ka
80 procesu altistibas prognozé@3sana ar nolOku samazinat izraisias negativis sekas,
i nozimigs uvzdevums. Probl&ma ir aktuala arf Rigas teritorija, kura atrodas seismiski
aktivd apgabald (A .H.BoGopsixun, 1968; A.A.Huxonos n X.X.Cumami, 1968).
Referata autora pilsétas teritorijd veiktie {deolodiskie pétfiumi apstiprina tas
ievérojamu tektonisko aktivititi neotekioniskajad etapad. Sakard ar neotektoniskajiem
procesiem plsistocdna-holocdna laikposma notika vairdkkirtéjas tektoniskas
uzbdves izmainas un zemestrices, ko izsauca, galvenokart, dzilldzumu, kas atrodas
zem pilsatas, aktivizdcija. Plaisu morfologijas anaiize fiecina par stiepes
spnegumiem ie2o0s, kas samazina ie2u masivu izturibu. Bez tam atsevidkos pilsstas
rajnos uz ie2u masiviem ir arl diezgan ievérojama tehnogéni siodze. Tas viss jauj
uzskatit pisatas aizsardzibu pret dabas katastofim par aktudlu uzdevumu.
Izmantojot §eologisko pétijumu datus, kas veikti méroga 1:25000, linedro Jeologisko
elementu, ko izramsijusi, galvenokart, p'én&vumtaktonika, anallzi, k3 specializétus
plaisainibas pétljumus. referita autors pieddva pisstas rajondlanas shematisku
karti péc ie2u masivu nesispajas. Sos datus var izmantot pilsétceitniecibas praksa.
lzdalii sevidki bistami pilsétas iecirkni, kas atrodas dzijlQzumu iespaida zonas, kur
nepisciedama ipada kontrole par tehnisko siodzi un pazemes Odens guvi pilsétas
vajadzibam.

Ta ka pilsétas teritonja ir seismiski bistama, pieddvato karti var izmantot, lai
nopamatotu da2adu ceitnu nepiecie$amo seismisko noturfbu. Referdta mérids - vérst
uzmanibu uz |oti svarigo pilsétas seismiskuma probldmu. Piedavatid specializétu
parrdvumtektonikas pétijumu metodika var k|0t par fitomonitoringa sastivdaju
pilsétas  teritonjd, izstrdddjot in2eniertdmumu  un tehnisku  pasdkumu
nepieciedamibas kompieksu prognozi celtniecibas joma, kas, savukart, pazeminas
geologisku risku.

KURZEMES VIDES PIESARNOJUMA BIOGEOKIMISKAS INDIKACLIAS
REZULTATI

Ojgerts NIKODEMUS, Latvijas Universitite, Geogrifijas un Zcmes zindtgu fakultite,
Raiga bulv. 19, Riga, LV 1586, Latvija

Guntis BROMELIS, Peteris SARKOVSKIS, Latvijas Universitiite, Bilologijas fakultite,
Raiga bulv. 19, Riga, LV 1586, Latvija

Agrak veiktis Latvijas bioZeokimiskas kartéSanas rezuititi, par atmosfiras sirgu viel
sorbentu izmantojot sinu Sphagnum magellonicum Brid. (O.Nikodemus, 1991) un
Hylocomium splendens (Hedw.) Brid. (G.Brimelis, 1992, A.Riihling, 1994), parddija, ka
Latvija Dienvidrictumkurzeme raksturigs |oti augsts piesirpojuma limenis. Sajk sakarg, lai
noskaidrotu potenciilos piesirgojuma avotus un precizétu to ictckmes zoou. 1993. un
1994.gadi Dienvidrictumkurzeme veikia sugsnes, sinas un prictu mizas biogeokimiskd
indikfcija. nosakot lsjos sorbentos smagos methlus. Ar stomabsorbcijas metodi noteikta Cu,
Zn, Pb, Cd. Cd, Mg. Mn. Ni un citu clementu koncentricijs.

Licptijas ripniccibas objektu un sutotransporta raditd pieshrgojuma teitorialo izkliedi
raksturo Zn, Pb, Cu, Cr. dajgji Ni un Co koncentricija zugsnes nedzivaji zemsegd (0
horizonta); Cu, Zn, Fe, Ni, Pb un V koncentricija sinds, kil ar Pb, Zn, Cu, Fe un Ca
koncentricija prictu mizi Pétjumu rezultits konstatéts, ka Licpijas maksimili ictekme

snicdzas 11dz 20 km attslumam po pilsétas centra sustrumu un riemejrictumu virnend
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Atsevi¥gi clementi (Zn, Cu u.c.), pateicoties lielajiem v&ju strumiem piekrast?, izplatas pat
30-10 km lield attaluma. Salldzinot mmago metdlu daud sind Liepfjss apkirtné ar

Yl

Eiropas sunas kart¢ianas rezultitiera (A.Rihling, 1994), koustat2ts, ka Zn, Cu u.c. elementu
koncentracija pilsétas tiedd tuvumi ir viens no augstikajim Baitijas un Zicmeju valstis. Mctu
augsaes iluviild (B) herizontd Liepajas tuvurnd misko elementu koncentricija nav butiskd
izmaintjustes.

Otra antropogéni biogeokimiskd anomilija 2ugsné un siinds Dienvidrictumkurzemé
izveidojusies Rucavas un Nicas pagastos. Tis svots ir pirrobeZu piesirpojuma pimese no
Eiropas ripnieciskajiem refioniem. Stnds Hylocomium spiendens smago metilu paaugstinits
koncentricija, salldzinot ar Baltijas valstu refioniio fonu, koustatsta sckojoSiemn clementiera:
Cd, Cu, Fe, Pb, V un Zn.

AIZSARGAJAMO GEOLOGISKO VEIDOJUMU NOVERTESANAS TEORIJA UN
PRAKSE '

Dainis OZOLS, Zieme|vidzemes refiiondlais dabas aizsardzibas komplekss, videa
speciilists, 3eologs

Katram sizsargijamam Zeologiskam veidojurnam (AGY) ir t8 pastivélanas forma, kas ir
gandriz tas pats, kas eomorfologiskd forma. Pieméram, stsegums, paugurs, ala, atsevidks
akmens, avots u.tml. 31 forma ictver sevl to vai citu sstura. AGV var bat aisarglljsms ki
formas, t4 satura ipadibas d2f.

Tiek piedivits novértét sekojodus AGV formas un satura parametrus:

I. FORMA

1. Tipiskums. Cik uzskstimi veidojums atspogujo to radijuio procesu, ki tas var tikt
izmantots izglitojosiern mérkiem.

2. Unikalitate. Cik liela, reta, izteiksmiga ir ¥ forma valsts, refiiona, victéji mérogi

3. Estetiskis kvalitites. .

1L SATURS

|. Stratigrafiskas un paleontologiskas vertibas.

2, Strukrtras un teksmiras.

3. DaZsdu rielas rangu vertibas un Ipatnibas - kimiskss, minerologiskis, petrogrifiskfs.

4. Patlaban notickodi reti un izteiksmigi Zeolofliski procesi.

S. Citu inarmu veértibas (biolofija, vEsture), saimnieciska nozimiba (tirisms, rekreficija).

Katru parametru novérntd geometriskd piecballu sistemd, 0-1-24-8, lai izceltu ticdi lieltko
vértibu lomu. Balles pa visiem parametriem summé.

legiith  punktu summa. ki arf summa, kas norméta ar aizsargljamds teritorijas platibu, ir
objektivs AGV novertdjums.

Atsevidki jigem verd tids parametrs kil ievainojamiba.

AGV tiek arf aprakstiti, fotodokument2ti. legitd, kil arl fondu un literatiras informacija ir
noforméta perfokarté.

Jau wveiktl virknes AGV novértélana Zieme|vidzem& |auj objektlvi spriest par
nepieciedamo aizsardzibas refimu.

$ada virziena darba aktuafitti nosaka patreizéjais Ipasuma ticsibu maigas process.
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Does the Skrunda Radio Location Station diminish the
radial growth of pine trees?
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Didzis Tjarve, Vija Znotina
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Abstract

The Skrunda Radio Location Station (RLS), which has operated continuously for more than 20 years, has created
a unique area for the study of pulse radio-frequency electromagnetic field effects. Trees were chosen to assess these
effects. Since 1990, permanent plots have been established in pine forest stands around the Skrunda RLS and in
control areas. The dynamics of tree growth changes were analysed using retrospective tree ring data. There is a
statistically significant (P < 0.01) negative correlation between the relative additional increment in tree growth and
the intensity of the electric field. The radial growth of pine trees has diminished in all plots that received
electromagnetic radiation. This decrease in growth began after 1970, which coincided with the start of operation of
the Skrunda RLS, and was subsequently observed throughout the period of study. The effects of many other
environmental and anthropogenic factors were evaluated, but no significant effects on tree growth were observed.

Keywords: Radio-frequency clectromagnetic radiation; Radars; Tree rings; Dendroecology

1. Introduction

The question of whether weak radio-frequency
(RF) electromagnetic fields pose risks continues
to divide researchers into opposing, even antago-
nistic, camps. If any effects of RF radiation on
living organisms exist, then they are hard to prove.
Thus, the most suitable organisms for investiga-
tion must be chosen, and original methods are
required.

* Corresponding author

In the present paper, trees were chosen to
assess the effects of Skrunda Radio Location
Station (RLS) electromagnetic radiation. Essen-
tial physiological processes, such as assimilation,
cell division and growth, mineral nutrition and
others, occur in every tree and are affected by the
environment in a hundred square meter sur-
rounding area. Therefore, trees are particularly
sensitive and react to environmental changes.
Tree growth is fixed in increments (tree rings) and
thus the measured increments indicate positive or
negative environmental conditions. A suitable tree
ring chronological method has been developed in

D048-9697/96,/315.00 © 1996 Elsevier Science BV. All rights reserved.
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Latvia that allows the determination of the effect
of various environmental factors [1]. Multidisci-
plinary research, based on tree ring analysis, has
been conducted in forest ecosystems around
Skrunda since 1990. Tree ring dynamics are de-
scribed in the present paper for a 30-year period
(1959-1988), and changes are discussed in rela-
tion to electromagnetic radiation as well as geo-
morphologic, hydrological, silvicultural, edaphic,
chemical and radioactive factors.

20 km

Fig. 1.A.
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2. Subjects and methods

2.1. Skrunda Radio Location Station

The impulse type Skrunda RLS for space con-
trol, located in the Venta River Valley, has oper-
ated continuously since 1971. It is composed of
two sectors, each with receiving-transmitting ap-
paratus that ensure the RLS function in four
independent sectors. The transmission parame-
ters of the Skrunda RLS are: (1) pulse power of
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Fig. 1. Sampling piots (@) in Western Latvia (A) and the Skrunda region (B). The location of the Skrunda radar system (%) and its

emission zone are shown.

each of four transmitters — 1.25 MW; (2) pulse
duration — 0.8 ms; (3) duty cycle — 50; (4)
frequency range — 154-162 MHz; (5) polarisa-
tion of transmitting signal — horizontal. The
radar operating parameters and the method of
radiation intensity measurement are given in this
issue [2].

2.2 Sampling locations

In the Skrunda area, 29 permanent sampling
locations were established (Fig. 1) at various dis-
tances from the source. Plots were set up in
dominant Scots pine (Pinus sylvestris L.) stands
with spruce as an understorey. Tree age was
50-90 years. Plot size was at least 400 m’® and

each plot contained a minimum of 20 overstorey
pine stems per plot. Pines were sampled with a
Pressler borer and their diameters and heights
were measured. A weaith of other variables were
measured, including metal concentrations, ionis-
ing radiation, etc., but since these data are only
briefly mentioned in this paper, the methods used
(all standard methods) are not described here.

2.3. Absolute values of the tree ring widths

The radial annual growth increments wi(is0); i
= individual, t = year, / = plot, were measured
at a precision of +0.01 mm. For each tree, the
geometric mean width w, = (i,At,]) of the con-
trol time period At, = t,...t,, where ¢, the year at

a,
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the beginning of the control period, and ¢,, the
year at the end of the control period, is given by:

53
w i A, D) ="y T w0 (1)
t=1

where n, = t, — t; + 1is the number of annual
increments in the control period.

2.4. Relative additional annual increment values
The mean control increment width w, =
(i,At,,l) was used to calculate the relative additio-
nal anoual increment value d(i1/|Az, ) for every
tree i and year ¢ during the period of the investi-

gation:

) w(it ) — w(i,At D)
d(z,t,llAtc)—ln[ ST

w(i,t D)

=ln w.(i,Ar 1)

(2)

The value d() eliminates increment width vari-
ability between individuals that is due to genetic
and relatively constant environmental factors (e.g.
edaphic, hydrological, etc.). The logarithmic
transformation is used since cambial growth is an
exponential process. During the control period,
d() values have a normal distribution (P < 0.05).
Each individual d() value identifies the deviation
of each increment from the mean or normal value
for the tree. If d{) = 0, then the increment is
equal to the mean. If d{) > 0, then the incre-
ment width is larger than mean. If d() < 0, then
the increment width is less than the mean.

The individual relative additional annual incre-
ment values were used to calculate the mean
relative additional annual increment, for each
year ¢ of every plot I:

id([,z,lhzc)

J(r,l[mc)= = (3)

where N is the number of sampled trees.
The overall means d_(A:.,l) for each plot /

during the control period At are given by:

N oo
dat,h =% Y d(i,t,llAtc) =0 (4)

i=] ¢y,

Based on Eq. 4 and the normal distribution of
d(i,l|At,) values, the null hypothesis

HO:J(z,llAtc] =d (At [)=0 (5)

was tested parametrically. Thus, it was de-
termined if the additional increment for plot /
and year ¢ significantly differs from the mean and
if the difference is positive or negative.

2.5. Cumulative relative additional annual increment

The cumulative relative additional annual in-
crement reflects the changes in increment width
in a retrospective time period A¢, = t...t,, where
I, is the beginning, and ¢, the end of the period
of the retrospection. The cumulative relative ad-
ditional annual increment value D, (i,At, /| Ar))
is calculated for every individual i:

iy
Yy d(i,t,l'At(_)
D,(i,m,,1| Az‘_) - (6)

n

r

where n, = t, — t, + 1 is the number of years in
the retrospective period;

The cumulative relative additional annual in-
crement values are used to calculate the respec-
tive plot mean D (Ar [} At.) values as follows:

N
Y D,(i,At,,liAt()

Az,) -l (7

5,(At, 1
where N is the number of sample trees in plot /.

2.6. Atmospheric deposition in the Skrunda area
The concentrations of the elements in forest
soils and moss in the Skrunda area have been
studied from 1991 to 1993. At sampling locations,
soil samples by horizon and moss ( Hylocomium
splendens and /or Pleurozium schreberi) were col-
lected for determination of elements 1o give some
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Fig. 2. The mean relative additional increment d() of pine
trees during 1960-1987 tor a coatrol plot located 66 km from
the Skrunda RLS.

idea of the potential sources of deposition that
could affect the forests around the Skrunda radar.
[nitially, the two most obvious candidates as ma-
jor polluters were the metal smeiting industry at
Liepaja and the oil refinery in Mazeikiai, Lithua-
nia. Total Cu, Zn, Fe, Pb, Ca and Cd concentra-
tions in moss were measured with AAS, but V by
colorimetry. Soils were analysed for Cu, Pb, Sn,
Cr, Zn, Ni, Co, Mn, B, Tj, La, Y, P, V, Sr, Ga, Zr,
and Ba concentrations with emission spectropho-
tometry and for Pb, Zn, Cu, Ni, Cd, and Cr (1 M
HCl extract) with AAS. Analyses were checked
with moss calibration standards used for the Eu-
ropean Atmospheric Deposition Mapping Project
[18].

3. Results

3.1. Mean relative additional annual increment
dynamics

The mean relative additional annual incre-
ments J(t,lIAtc) values were calculated for every
year ¢ from 1960 to 1987 for each plot [. The
control period was set at At = 1959-1970. Trees
in plots located outside of the zone that receives
electromagnetic radiation from the Skrunda RLS
had no significantly different annual increments
compared to the mean, i.e. d(1lAz.) = 0 (Fig. 2),
excepting isolated outliers with irregular depar-
tures from the norm (Fig. 3). Significantly dimin-
ished mean additional annual increments oc-
curred after 1980 in plots close to the Mazeikiai
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Fig. 3. The mean relatve additional increment df) for a
control plot located 10 km behind the Skrunda RLS. The solid
bars depict significant (22 < 0.09) deviatons from normat
growth.

oil refinery (Fig. 4), which coincides with the start
of emissions of pollutants from the plant. All
plots that receive electromagnetic radiation from
the Skrunda RLS have significant (£ < 0.05)
negative d(t{lAt.) values, compared to 0, which
begin only after 1970 and are observed through-
out the period of study (Fig. 5). The Skrunda
radar began operation in 1971.

3.2. Mean cumulative relative additional annual
increment and the electromagnetic radiation

The mean cumulative relative additional an-
nual increment D (At llAt.) during the retro-
spective period of clectromagnetic radiation At,

e
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Fig. 4. The mean relative additional increment d{) of pine
trees for a plot located 12 km north of the Mazeikiai oil
refinery. The solid bars depict significant (P < 0.03) devia-
tions from normal growth.
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Fig. 5. The mean relative additional increment d() of pine
trees for a plot in front of the Skrunda RLS at 4 km distance.
The solid bars depict significant deviations from normal
growth.

= 1971-1988 was caiculated relative to the con-
trol period before radiation, Ar. = 1959-1970.
The mean D,(At,,I| At.) value of all plots in the
radiation zone is —0.41 + 0.07 compared to
—0.13 = 0.04 in plots not receiving radiation,
significant at P = 0.001. The values of D,(At,,l|
At,) are negatively correlated with the measured
intensity of electrical field in decibels (r = —0.55,
P = 0.009). In the irradiated zone, D, (Atz,,I] At,)
1s linearly correlated (r = +0.52, P = 0.016)
with distance from the RLS. The distance correla-
tion is expected since the electrical field intensity
measurements are related to distance (r =
—0.93). In the non-irradiated zone there is no
significant correlation between D (Ar,,/|Az.) and
distance from RLS.

3.3. Mean cumulative relative additional annual
increment and pollutants

It is well known that pollutants depress tree
radial growth [3-7]. In the Skrunda area, the only
major sources of pollution are the metal smelting
industry at Liepaja (ca. 50 km from RLS) and the
oil refinery in Mazeikiai (ca. 40 km from RLS).
Heavy metal concentrations in moss and soil were
well related to these pollution sources and could
be used to identify the zones of deposition. The
vanadium concentrations close to the Mazeikiai
oil refinery reached 9.5 mg/kg in moss, three
times higher than normal levels [8]. Elevated
vanadium levels were found up to about 10-15

km from the Lithuania border radially from the
Mazeikiai oil refinery, but levels around Skrunda
were background (Fig. 6). This metal has high
concentrations in oil and hence is a good indica-
tor of oil combustion. Close to Liepaja, the Zn
concentrations in moss were above 150 mg/kg,
but only background leveis of 40—-50 mg/kg were
found in a large area around Skrunda. No evi-
dence was found of any elevated deposition leveis
of metals in the Skrunda area. In the irradiated
zone, there were no significant correlations
between Br(At,,ll At.) and metal levels.
Despite the suggested lack of effect of the
Mazeikiai oil refinery on the trees around
Skrunda, cumulative growth D (Ar,,!| Ar.) during
the time of operation of the factory Af, =
1981-1988 was assessed relative to the control
period At, = 1971-1980 before operation. For
this retrospective period in the RLS radiation
zone, again D,(At,,l| At ) was linearly correlated
with distance from the RLS (r = +051, P =
0.02). However, along a transect from Skrunda to
Mazeikiai, there was a negative lincar correlation
(r = —0.78, P = 0.02) with distance from the
RLS, i.c. less radial growth near Mazcikiai. The
effect seen is not svident for a retrospective pe-
riod that was sct to begin with the operation of
the Mazeikiai refinery and end with the start of
the Skrunda RLS operation (A¢, = 1971-1980),
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Fig. 6. V concentrations (mg /kg) in feathermoss in SW Latvia,
From Nikodemus and Brumciis [8].
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using a control period Af. = 1959-1970. In the
radiation zone plots, the same pattern of de-
creased cumulative relative additional annual in-
crement in the years 1971-1980, before the oper-
ation of the Mazeikial refinery, was seen in
1981-1988, during operation of the Mazeikiai re-
finery.

3.4. Mean cumulative relative additional annual
increment and other entironmental factors

Besides the mentioned factors {electromagnetic
radiation, distance to RLS, pollutants) the effect
of other factors on the mean cumulative relative
additional annual increment D.(At, [} Ar.) during
the retrospective period A¢, = 1971-1988 was as-
sessed relative to the control period A« =
1959-1970. The analysed factors were: height
above sea level, topography, nutrient conditions,
soil moisture and texture, litter and organic layer
depth, soil pH, ground water level, ground water
flow, ionising radiation, and silvicultural parame-
ters. The effect of these factors were assessed by
multiple regression and analysis of variance, but
no significant effects on D,(At, = 1971-1988,/|A¢,
= 1959-1970) values were observed.

4. Discussion

The results demonstrate that the mean relat-
ive additional annual increment dft/lAr, =
1959-1970) of pine has decreased in plots that
receive electromagnetic radiation from the
Skrunda RLS. This decrease becomes significant
3-5 years after the beginning of operation of the
RLS and continues to the end of the period of
study. Outside of the RLS radiation zone signifi-
cant differences of d(t,l]Ar. =1959-1970) are
isolated cases, which do not reflect a Ercnd. An
exception is the decreased values of dftllAz =
1959-1970) toward the Mazeikiai oil refinery af-
ter 1980, ie. after the beginning of pollutant
emissions.

The effect of the Mazeikiai refinery is clearly
caused by pollutants and does not invoke contro-
versy. However, the loss in additive growth incre-
ment in the RLS radiation zone in the retrospec-
tive studied period begins with the radar installa-

tion and no relations to chemical pollutants or
other factors have been observed.

The values of mean cumulative relative additio-
nal annual increment are significantly negatively
correlated to electrical tield intensity during sepa-
rate times of operation:

D,(At, = 1971..1988,/1A¢, = 1959..1970),
D(At, = 1971..1980,/1At, = 1959..1970) and
D.(At, = 1981..1988./|Ar. = 1971...1980).

The relation between D.(.) and distance to the
RLS is positive.

Previous work does not provide conclusive evi-
dence of the cffect of weak electromagnetic fields
on trees, since some work confirms an effect
[9,10] and some denies its exstence [11,12]. We
cannot provide a mechanism for the observed
suggested effect at Skrunda, from the many avail-
able hypotheses (13-15] of weak radio-frequency
electromagnetic action. However, our results cer-
tainly lead one to strongly suppose that the
Skrunda RLS radiation has atfected pine radial
growth. The confirmation of the effect has been
further supported by evidence from other organ-
isms [16,17]. Nevertheless, we respect the possibil-
ity that an unknown factor has caused the nega-
tive effect which by chance is associated with the
observed temporal and spatial variations.

The Skrunda RLS area requires further work
on the possible effects, particularly on the mecha-
nisms of action. This area is unique for the study
of radio-frequency electromagnetic radiation. The
radars are located in a valley (and not on the
highest possible site as usual) that is rich in
ecosystems, and agricultural communities are
found throughout the irradiated area. The results
of a 20-year ‘experiment’ are waiting for observa-
tion and analysis. The RLS emits radiation in an
insufficiently investigated frequency (154-162
MHz) in pulse regime, and the intensities of

‘pulses exceed allowed limits for integrated doses

by 50 times. However, pulse radiation types have
no associated allowed limits.

Other work at Skrunda is in a preliminary
phase, including experimental searches for mech-
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anisms, and it is hoped that this work will provide
an insight on the suggested effects. However, the
most conclusive evidence for an effect (or no
effect) may only be available when the Skrunda
RLS terminates operation in 1998. as regulated
by an international agreement beiween Russia
and Latvia. Then it will be possible to determine
if tree radial growth recovers. Since the RLS is
expected to operate until 1998, the authors en-
courage all interested to further study the Skrunda
RLS.
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The relations between clay content (dia < 0.01 mm ) and metal concentrations in

soils of Latvia
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Abstract

In western Latvia (Kurzeme) soils were were sampled by horizon, and their metal concentrations
were investigated in relation to soil texture. In forest and agricultural soil, the clay content
affects Ti, V, Ni,  and Ga concentratins. Cu, Pb, Y and Cr concentrations are related to clay
content and other factors. An increase of clay content results in increases of metal concentrations

not only in mineral horizons, but also in the organic horizon.
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Introduction

Soil texture is one of the most important factors that determines background element
concentrations in soils and the migration of elements in the soil profile. Soil pH, amounts of
organic material, electro-conductivity and concentrations of Cd, Pb, Cu, Se have been shown to
be related to soil texture / 8/. Lukasovs and Petuhova /13/ showed that in Belarus soils the
largest proportions of metal amounts ( Ni, V, Cu, Co, Cr and others ) are located in the 0.001-
0.01 mm dia fraction. In Poland, the amounts of As, Co, Cr, Cu, Mn, Ni and Se in the upper
mineral horizon are correlated with the proportions of soil particles 0.002 mm and 0.02 mm
diameter/1/. In the soils of Siberia and the Eastern European Plain, it has been estimated that a
1% increase in clay content raises metal concentrations by 3mg/kg Zn, 0/5 mg/kg Pb and 0.01
mg/kg Cd /10/.The amount of clay determines Cd concentrations and also the plant root uptake
of Cd /2/. In Estonian moraine agricultural soils, there is a high correlation between soil texture
and microelement concentrations /11/. In Latvia the effect of soil texture in the plough layer on
metal concentrations has been studied by /3,9,11,14/.

Background soil metal levels in Latvia are extremely variable, which may be related to soil
texture and the concentrations of organic matter. In forest soils of Latvia, such studies have not
been conducted. Hovever, this type of information is extremely important for the interpretation
of enviromental monitoring data. Latvia’s Quaternary surface deposits form a mosaic with
rapidyly changing (in space ) soil textures. The effects of soil and forest types on metal

concentrations have been described, and suggest soil texture to be an important factor /4,5,6/.

Materials and Methods



A soil survey was conducted in Western Latvia ( Western Kursa and Eastern Kursa Highlands
and Kursa Lavland) in 1991-1992. Soils in dominant pine and mived pine/spruce forests, and on
agricultural land, were sampled.Soil types included mucky-humus podsols, humic podsols,
typical podsols,typical podsolized gleys , and sod-gley gleys.

Vegetation was described and soil pits were excavated. Soil was taken from each horizon. If
many minor horizons occurred, soil was sampled every 25 cm. The upper horizon ( O or A ) was
sampled at 5 points and mixed to give an integrated sample. Soils were air dried and passed
through a 1 mm seive. Samples (5g) were ashed at 450°C for 5 hrs, weighed and then analysed
for metals ( Cu, Pb, Sn, Cr, Zn, Ni, Co, Mn, Ti, V, Ga, Zr, I ) with emission-
spectrophotometry (ISP-30, ISP-28 and PS-18 ) at the Lithuanian Minerology and Geochemistry
Institute.

The clay content ( dia < 0.01 mm) was determined by a modified Gluskova - Robinson method,

which is based on sedementation rate in a water column (N.Kaéinskis).

Results and Discussion

In the sampled podsol and gley soils of western Latvia, clay content (dia < 0.01 mm) varied
from 2.7 to 68.6 % by weight (Tables 1 and 2). This variation was high not only between soil
types , but also within a given soil type, and between soil horizons. Concentrations of metals
also differed between soil types and horizons. In forest soils, the highest Pb conentrations were
in the organic horizon (Figure 1), Cr in the Ah and Ahg horizons.. . Ga, Ti, V (Figure 1), Cu
and Y in the gley horizon and Mn and Ni in the parent soil ( Table 1). However, in agricultural

soils, the A, horizon has the highest Mn, Pb and Zr concentrations, the illuvial and illuvial gley



Table 1. Element concentrations (ug/g) and clay content (last column - % < 0.01 mm diam. particles by weight) in
forest soils. Means (X), Standard deviations (SD), and sample sizes are given.

Horizon 1B Ga Mn i v Cr INi Cu Pb t [Y 0.0 1 mm

o) 18.3 1.9 185 1716 17.0 17.4 9.0 5.0 0.8 156 0
SD 10,8 1,7 B13 1063 R1,5 13,4 5,2 4,0 15,8 147 4.9
X, PB7 0,6 28 163 4.0 B,7 2,7 B.4 9.4 30 11
Koae P25 6,9 12 04 76,0 54,0 4.5 19,8 2,8 557 21,0
n R7 R7 R7 R7 27 R7 7 R7 7 R7 27

A, Ay, X B35 4.9 364 3132 B5,0 34,6 13,7 7,7 12,9 B339 15,8 19.6
SD 15,2 2,5 P32 1132 34,0 18,9 9,7 4,7 4.2 153 7.3
X i 57 3,0 152 2172 21 15,0 i 3.7 8 147 3,3 7.6
Koo 800 10,8 900 6160 144 78,0 40,1 24,9 26,1 20 41,8 36,2
n 16 16 16 16 16 16 16 16 16 16 16

E:E, X = R84 3.9 181 2380 23,0 6,0 7,5 5,8 0,7 395 12,9 11,0
SD 7.6 2 137 1493 5.8 174 9.0 3,1 4,7 143 4.7
Ko RS 13 104 1267 X0 0 9 1,0 6,3 175 k.8 3.4
X P78 10,9 700 750 118 187.0 44,6 11,1 26,0 [729 26,0 50,9
h 21 21 21 21 21 21 21 21 1 21 21

B,B, X 34,0 4.3 228 2702 26,0 B1,0 12,7 7,4 3 294 12,0
SD 13,6 2,4 133 1632 35,2 19,1 8.5 5,1 .7 318 1.2 16,6
X |180 1,6 100 17 6,0 6,0 5,0 0.9 ¥ 06 5.9 R.7
Xooax 145 12,0 610 640 156 187,0 B7.3 24,0 18 00 52,0 52.3
N 39 39 39 39 39 39 B39 B9 B9 39 B9

G X 60,7 9.9 R76 3642 110 16,9 15,5 11,6 10,6 76 19,6 45,8
SD 17,8 6,4 175 1651 14,9 9,0 21,9 4,5 4.2 125 6.0
Xoin P41 6 166 B315 250 0 3.4 5.9 5,7 153 11,0 15,7
Xoax [ 22,5 630 6993 R70 71 62,4 192 20,7 68 8.4 68.6
n 6 6 3 6 6 6 6 l6 6 3

BC,C X 33,6 4.5 417 2686 33,0 0,0 17,3 9 4 05 13.8 14.2
SD 152 2.4 173 1619 292 12,5 17,0 0 18 184 10,6
Xow 1O 1,8 162 1584 7.0 11,5 3 1,0 6,1 136 5.7 B.6
X 698 12,4 737 9550 134 56,0 7.9 19,6 12,7 960 53,5 7.0
n 21 2| 21 21 21 21 21 21 73 21 21
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Figure 1. The locarions of sampling locations in western Latvia. The indivi.dual Pband V conceptrations of
horizons in the sampling locations are shown by bars, to show the distribution of cvalues by horizon.



Table 2. Element concentrations (pg/g) and clay content (last column - % < 0.01 mm diam. particles by weight) in
agricultural soils. Means (X), Standard deviations (SD), and sample sizes are given.

Horizon B Ga Ti \4 Cr INi Cu b <0.01 mm
A, X Bs,1 ]52 06 pB007 P90 P90 [13.8 P.s 11,5 P72 180 159
SD 0,6 1,5 170 1158 182 P44 B0  R.,8 1 198 PB4

X.. P46 B2 195 1910 12,0 P04 |61 s .7 179 11,9 8
X_.. 606 19,4 1092 [7160 98,0 153 47,0 |18,7 [3.4 [1164 |70 6,6
m 31 31 1 31 1 31 31 31 1 31 31
B,Bg X 39,5 6,4 28 2750 150,5 38,5 20,4 10,3 .8 235 16,1 19,0
SD 17,6 4.1 198 1424 6,0 21,4 18,9 5,9 4,2 111 .4
Xon 22,3 2,5 175 1274 12,6 10,6 7,2 1,9 6,8 54 15,4 4.3
mx 97,0 1,3 1115 94 (194 89,0 6,0 0,6 23,0 0 33,5 7,6
4 4 4 R4 4 24 4 24 4 4 24
(G 37,5 |57 B32  Pi136  [540 WBLs 170 97 P 17 186 P63
] SD |12 P4 171 28 B89 150 5.8 |8 6 107 8
Kein  B1,2 4,6 165 2716 27,0 23,0 12,8 6,8 9,3 256 15,6 10,9
X max 9,5 11,0 634 4485 137,0 69,0 25,9 14,6 11,0 483 24,0 51,2
n 6 6 6 0 6 6 6
BC,C IX 6,5 4.6 71 2426 39,5 35,5 19,1 9,3 4 01 17,7 18,4
ISD 15,6 2,1 176 1100 8,7 15,5 18,0 15,0 2,3 1555 2
Kowin P19 2,4 183 1393 [i1,0 9,0 8 2,9 ,0 183 6,3 2,9
X oax 80,9 9,2 945 804 123 64,0 3,6 22,7 17,0 739 42,5 37,6
2 2 22 2 2 2 2 2 2 2 P2
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Figure 2. V concentrations in soil horizons, in relation to clay content (% particles < 0.01 mm diameter). The soil
types into which the horizons were calssified are shown as follows: 1 - typical podsols, 2 - sod-gley soils, 3 -
mucky-humus podsolic soil, 4 - sod-podsolic soil, 5 - typical gley podsols.
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Figure 3. Mn concentrations in soil horizons, in relation to clay content (% particles < 0.01 mm diameter). The
soil types into which the horizons were calssified are shown as follows: 1 - typical podsols, 2 - sod-gley sails, 3 -
mucky-humus podsolic soil, 4 - sod-podsolic soil, 5 - typical gley podsols.



Table 3. Corrclation coetficients ( r ) between clay content and metal concentrations, p < 0.05 ,ns -not significant.

Horizon Mn Ti \% Cr Ni Cu Pb Zr Y B Ga
forest all r 0,28 0,65 0,87 0,52 058 045 0,44 ns 0,42 0,80 0,80

horizons  fo.0s 100=0.2

ApAy,, T ns 0,80 0,79 0,73 0,63 ns 0,41 ns ns 0,68 0,73
To0s515=0.51

EB;B:B, r 0,43 0,54 091 0,78 0,82 0,46 ns ns ns 0,81 0,76
To.0s 39=0.32

CBCC, r ns 0,66 0,75 ns 0,71 ns ns ns 0,67 0,74 0,65
Tors 21=0.43

G r 0,38 ns 0,89 0,11 ns ns ns ns ns 0,96 0,87
To.0s5 6=0-81

agricultur gl r -0,7 0,52 0,74 031 047 032 034 ns 0,29 0,57 0,62

horizons  fo.ps 5570.26

A, r ns ns 0,88 ns 0,78 ns ns ns ns 0,93 ns
fo.059

EB:B:B, r ns 0,61 0,77 ns 0,60 ns 0,46 ns ns ns 0,65
To.05 20=0-44

BC,.CC, r 0,54 0,80 0,62 048 0,86 056 ns 0,80 0,70 0,74
fo.05 22042

G r ns ns ns ns ns ns 0,84 ns ns ns ns
fo0s5 6=0.81

Table 4. Correlation coefficients ( r ) between metal concentrations in the O horizon and the underlying

horizon ( E, Eg, Bg ) .(to0s 13 = 0.47 ). ns - not significant.

Mn Ti Vv Cr Ni Cu Pb Zr
r ns 037 089 =ns 0.52 ns ns ns

Ga
0.53

g ~<



horizons have the highest Ga, Ni and Cu concentrations and the gley horizon - the highest = Ti,
V, Crand Y (Table 2).
In forest soils, using the results of all horizons, the highest correlations with clay content ( dia
<0.01 mm) were found for the following metals in the order V> -Ga>Ti>Ni>Cr>Cu>Pb>Y
(Table 3). Correlations were not as high as for agricultural soils, implying the increased role of
other factors , such as organic content and past history of agricultural practice. Plotting the
concentrations of V and clay content, samples do not group by soil type , but a distinct linear
correlation is evident (Figure 2). The highest clay amonts occurred in the illuvial and gleyed
horizons ( Table 1 and 2).
Elements not well correlated with clay content are extremely variable in concentration,
including within soil types, for example Mn (Figure 3). Mn is known to have low affinity for
negatively charged anionic sites, in competition with other cations (Ca, Mg, Fe), and thus is
rapidly leached. However, since inputs are high from litter deposition and canopy leaching /7/,
concentrations are likely seasonally dependent.
The downward movement of clay particles in the illuviation process involves the migration of V,
Ti, Ni, Cr and Cu, shown by the high correlations with clay. The deepest soil horizons have
higher clay contents, and thus also higher concentrations of these elements (Tables 1 and 2).
This type of movement of elements has been shown by Kabata- Pendias, Pendias /12/.
Generally, for individual horizons ( excepting the gley horizon) the highest correlations of clay
content with metals occurred for Ti, V, Ni  and Ga. Significant correlations with clay content
were observed for Pb only in agricultural soils, Cu only in forest B horizons and agricultural C
horizons, and Y only in parent material (Table 3).
V, Ni and Ga concentrations in the organic ( O ) horizon are correlated with the concentration in
the underlying horizon (Table 4). These correlations are consistent with idea of accumulation of

deposited metals from above and their transport down the soil profile. Hovever, considering the



correlations with clay content, a more likely explanation is mixing of the upper mineral horizon
with the organic layer , either due to natural causes with the participation of soil fauna, or
contamination in sampling. Which ever the reason, it can be recommended that in sampling of
the organic horizon in enviromental monitoring, the O horizon is taken only if thicker than 3 cm,

especially if the underlying mineral horizon is variable.
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