Assessment of heavy metal
deposition by moss monitoring

The moss biomonitoring method in combina-
tion with analytical nuclear physics and chemical
methods of analysis has been regularly used for the
last 30 years in Western European countries to study
atmospheric deposition of heavy metals, and over
the past 15 years it has become widespread in East-
ern Europe. Within the framework of the interna-
tional program “Atmospheric Deposition of Heavy
Metals in Europe — Assessment Based on Moss
Analysis” under the auspices of the United Nations,
the European Atlas of Atmospheric Deposition of
Heavy Metals is published every 5 years. The aim of
this program is to qualitatively and quantitatively
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characterize the distribution of regional atmos-
pheric depositions in Europe and now in Asia, to
identify the location of important sources of heavy
metal pollution and provide a retrospective picture
of comparison with similar studies repeated every
5 years. Concentrations of heavy metals in mosses
correlate well with atmospheric precipitation, and
the transition to absolute values of heavy metal
concentrations in air through calibration based on
the total amount of precipitation is quite simple.
The choice of mosses for the assessment of atmos-
pheric deposition of heavy metals and other trace
elements is determined by the fact that mosses ef-
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MeToa MXOB-6MOMOHUTOPOB, B COYETAHUN C
AnepPHO-PU3NYECKUMN N XUMUNYECKUMM aHANUTUYe-
CKAMW MeTOfaMW aHanuns3a, perynfapHoO NCnosb3y-
eTca B TeueHue nocnegHux 30 net B cTpaHax 3a-
nagHown EBponbl AnA n3yyeHna atMoChepHbIX Bbl-
nageHun TAXKeNbIX METaNOB, a 3a nocnegHue 15 net
OH Hallien pacnpocTpaHeHre 1 B cTpaHax BocTou-
Ho EBponbl. B pamkax mexxayHapoaHom nporpam-
Mbl «<ATMOCdepPHbIe BbiNafeHUs TAXKeNblX MeTasioB
B EBpone — oLeHKN Ha OCHOBE aHas3a MXOB-610-
MOHUTOPOB» C NEPNOANYHOCTbBIO B 5 1eT noa arugon
OOH wn3paetca EBponencknin Atnac atMmocdepHbIx
BbIMaAeHUN TAXKenblX MeTannos. Llenb sTon npor-
PaMMbl — KauyeCTBEHHO 1 KONIMYECTBEHHO OXapaKTe-

pur3oBaTb pacnpeneneHie permoHanbHbIX aTMOC-
depHbIX BbiNnageHuin B EBpone, a Tenepb 1 B A3un,
Bbl1€/INTb MECTONMOJIOXKEHNE BaXKHbIX CTOYHMKOB
3arpA3HeHNs TSKeTbIMY MeTallaMn 1 AaTb PETPO-
CNEKTVBHYIO KapTVHY CPaBHEHMWSA C TaKMMU e UC-
CNlef0BaHUAMY, MOBTOPAOWNMNCA KaxKable 5 neT.
KOHLeHTpaumn TaxenblX MeTayioB BO MXax XOpo-
LIO KOPPENMPYIOT C aTMOCPEPHbIMY BbINafeHUAMY,
a nepexof K abCosOTHbIM BEMYMHAM COfepKaHWNI
TAXeNblX METaJIOB B BO3JyXe Uyepe3 KannbpoBKy
Mo o6LlemMy KOMUYeCTBY 0CaJKOB JOCTaTOYHO MPOCT.
Bbibop MXOB Ana oUeHKU aTMOCdepHbIX Bbinage-
HUI TAXKENbIX METAIIOB U BPYTNX MAKPOIEMEHTOB
onpegenserca TeM, Yto Mxu 3GPeKTUBHO KOHLLEHT-

[1] Frontasyeva M. et al. Report of the ICP Vegetation Moss Survey Coordination Centre, JINR, ISBN 978-5-9530-0508-1.

fectively concentrate pollutants from the air and
precipitation. Moreover, they do not have a root sys-
tem and, therefore the contribution of sources other
than atmospheric deposition is in most cases lim-
ited. Mosses can be analyzed using a variety of an-
alytical methods.

Since 1995, the Sector of Neutron Activation
Analysis of FLNP JINR has been taking part in the
European program “Atmospheric Deposition of
Heavy Metals in Europe — Assessment Based on
Moss Analysis”. The first contribution to the Atlas for
1995/1996 was the results for the Eastern Carpathi-
ans, Romania. The Atlas for 2015-2016 includes re-
sults for 36 countries, including fourteen JINR
Member States: Azerbaijan, Armenia, Belarus, Bul-
garia, Czech Republic, Georgia, Kazakhstan, Moldo-

va, Mongolia, Poland, Romania, Russia, Ukraine and
Vietnam. A total of 5,156 samples of moss biomon-
itors were collected (Fig. 1) and analyzed using var-
ious analytical techniques.

At FLNP, neutron activation analysis (NAA) is
used, which allows the determination of up to 45 el-
ements. The elements Cd, Cu, Pb, which are impor-
tant from an environmental point of view, are add-
itionally determined by atomic absorption spec-
trometry.

As anillustration, a map of arsenic distribution
is presented (Fig. 2). High levels of arsenic were ob-
served in southern and eastern countries such as
Tajikistan, northern Turkey, Kazakhstan, Mongolia,
Armenia, northern Greece, Azerbaijan and Romania.
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pUpYIOT 3arpAasHALWMe BewecTBa U3 BO3dyxa 1
0OcapgKoB. bonee TOro, OHM He NMEKT KOPHEBOW CUCTe-
Mbl 1, CllefoBaTeNibHO, BKNag APYrnX NCTOYHNKOB,
Kpome aTMocdepHbIX BbiMNafeHWI, B 6ONbLINHCTBE
cnyyaeB orpaHuyeH. AHanm3 MXOB MOXeT NPOBO-
ONTbCA Pa3NNYHBIMK aHANIUTUYECKNMUN METOLaMU.

HaumnHaa ¢ 1995 roga, ceKTop HEMTPOHHOIO
aKTMBaUMOHHOro aHanusa JIHO OUNAN npuHrmaeT
yuyactume B EBponerickoi nporpamme «ATmMocohep-
Hble BblMageHnA TaKenbix meTannos B EBpone —
OLleHKM Ha OCHOBe aHanm3a MxoB» [lepBbiM BKNa-
nom B Atnac 1995/1996 roga 6binu pesynbrathbl Mo
BoctouHbim KapnaTtam, PymbiHuA. B Atnac 2015/
2016 rr. Bownn pesynbTaTtbhl NO 36 CTpaHaMm, cpeau
KoTopbix 14 cTpaH-yyacTHuL OUAN: AzepbaiigKaH,
Apmenus, benapycb, bonrapusa, BbeTHam, [py3ns,

KasaxcTtaH, Mongosa, MoHronus, MNonbwa, Poccus,
PymbiHuA, CnoBakuna, YKpauHa n Yexus. B obuwen
CNOXKHOCTN bl cObpaHbl 5156 06pa3L OB MXOB-
61noMOHUTOPOB (pUC. 1), aHaNU3 KOTOPbIX NPOBO-
AN PasfNYHbIMMN aHANUTUYECKMI MeTodaMMU.

B JIH® ana aHanu3a ucnonb3ytot metog HAA,
KOTOpPbI NO3BONAET onpeaenaTb 40 45 31eMeHTOB.
BakHble € 3KoNornyeckom TOUKN 3peHnsA SNeMEHTbI
Cd, Cu, Pb onpepensatotca [ononHUTeNbHO, MeTO-
[IOM aTOMHOW abCOpOLIMOHHON CNEKTPOMETPUMN.

B kauecTBe npumepa npriBegeHa KapTta pac-
npefeneHni Mbllbaka (puc. 2). Boicokue ypoBHu
MbllbsAKa HabMOAANNCb B KXHbIX Y BOCTOUYHbIX
CTpaHax, Takmx Kak TagXUKNCTaH, ceBepHaa Typ-
uma, KasaxctaH, MoHronua, ApmeHus, cesepHas
lpeunsa, AsepbargkaH 1 PymbiHUA.






