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[Tounpema “Mmoss bags”...
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RESEARCH ARTICLE

Active moss biomonitoring of small-scale spatial distribution
of airborne major and trace elements in the Belgrade

urban area
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beorpaACKa CTyAMjA: AETHA U 3MMCKA KOMMAHA

* AeT0: 160 MEPHUX MECTA; PA3ZAMYUTE 30HE: TUMMYHE TPAACKE, 30HE
CTOHOBAMQ, 3€AEHE MOBPLUMHE

* 3UMAQA: 22 MEPHO MeCTa DAM3Y IOAACKMX TONAQHQ; background
MECTA

e 40 enemeHTa mamepeHo ICP-OES and ICP-MS
* 16 US EPA PAHs mamepeHo GC-MS

e MArHetHM OMOMOHUTOPUHT KAO NMAHAQH PM 3arahemsy



Science of the Total Environment 521-522 (2015) 200-210
Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www .elsevier.com/locate/scitotenv

Active moss biomonitoring for extensive screening of urban air pollution: @C,(M_\,J,L
Magnetic and chemical analyses

Gordana Vukovié ¢, Mira Anidi¢ Uro3evié **, Zoya Goryainova ®, Miodrag Pergal <, Sandra Skrivanj ,
Roeland Samson 9, Aleksandar Popovic ©
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CapaaksQ...

COST akumje..npeaAo3m Npojekara...noapLUka SEPA-e

TecTnpare penpe3eHTATMBHOCTM NO3MLUME MOHMUTOPMHT

CTAHMUA

[lpoBEePA MOTEHUM]JAAHO JOKO 3AraneHmx, a TELLKO

NPUCTYNAYHUX AOKAAUTETA Y TPCAAY

Cnopasym 0 CApaArM MHCTUTYTA 3A O

O13MKy 1 SEPA-e
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Ap Mupa AHnymh Ypoluesumh
MMEJA aapeca: mira.anicic@ipb.ac.rs

Tea. +381-11-3713-004
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MaxoBMHE KOO DMOMOHUTOPU
3arahera BA3Ayxa

Munpa Axmuanh Yporuesmh!
[opaaHa Bykosuh!, TujaHa Mmanhesmh!, AparaH PaaHosuh 2, Muoapar Kpmap 2

'TAabopaTopumja 3a oU3MKY XXKMBOTHE CpeAnHE, MMIHCTUTYT 3a qom3unKy Yy beorpaay

2 PAKYATET MPUPOAHMX HAYKA, YHMBEep3uTeT Yy HoBom Caay



UNECE Convention on Long-range Transboundary

Air Pollution (CL

» |CP Forests

* |ICP Vegetation

RTAP

Welcome to
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Register
or Log In

ICP Forests 8th Scientific Conference
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ICP Vegetation

© ICP Vegetation, CEH Bangor

Rest of Europe Rest Europe “m

Moss species (Metals)
*

Hylocomium splendens
Hypnum cupressiforme
Pleurozium schreberi
Pseudoscleropodium purum
Other

Trends and events - Drought, extreme climate

N/ ’ .

ABOUT US OUR SCIENCE GET INVOLVED DATA AND MAPS

Home » Our science d
rest
Submitted by on Wed, 03/08/2017 - 15:18 rland,
New & recent Events
Heavy metals are emitted from a variety of sources, including the metals industry, other manufacturing 32nd Task Force Meeting Lnsdorf

industries, electricity and heat production and road transportation. Heavy metals are harmful to human

health and the environment, and can accumulate in soils and food chains (e.g. accumulation in crops and
mercury accumulation in fish). International Conference on Ozone and
Plant Ecosystems

21 May 2018 to 25 May 2018

Sixth Saltjobaden workshop

sed in the late 1960s. 19 Mar 2018 to 21 Mar 2018

Austrigh~o7 Latviah~os Albania Armenia Canada of their nutrients
CzechRepublic  Norway o™ Bulgaria Azerbaijan  Mongolia %oll. Heavy metals Sg'ﬁqlf'zﬁf 5 ;’0?::"2%1 8

: npling and chemical
Estonia® Poland Greece Belarus s it avoids the need more...
France¥ Slovakia™ Macedonia Georgia rogramme of routine
Germanyh.o Spain (Rioja)¥ Romania® Kazakhstan n An vl s
Iceland Sweden Serbia Moldova
Irelandh~0% Switzerland"“**  Slovenia® Russian Fed.
Italy-Bolzano® Turkey Tajikistan

Ukraine



ECE-‘EB.AI

Distr.: General
1 October 2018

United Nations

@ Economic and Social Council

Onginal: English

Economic Commission for Europe

Executive Body for the Convention on Long-range

Transboundary Air Pollution
Thirty-cighth session
Geneva, 10-14 December 2018

ltem 7 of the provisional agenda
Revised mandates of task forces and centres under the Convention

Revised mandates for the task forces and centres under the
‘Working Group on Effectss

Submitted by the Working Group on Effects

ECE/EB.AIR20187

Summary

The mandates for the task forces and centres the Working Group on Effects are
proposed for revision with the aim to continue to align the work of task forces and centres
under the Convention wath its strategic priontics taking into consideration the policy
response to the 2016 i of the Ci , as d in the current
document.

The Executive Body at its thirty-seventh session (Geneva, 11-14 December 2017)
took note of the draft revised mandates under the Steering Body to EMEP and the Working
Group on Effects and requested that the final version be d for its d at
the thinty-cighth session. The Working Group on Effects discussed the draft revised
mandates of its task forces and centres at the fourth joint session of the Working Group on
Effects and the Steering Body to the Coop e Prog for M g and
Evaluation of the Long. ge T of Air Poll in Europe (EMEP) (Geneva,
10-14 September 2018) compiled by the Chair of the Working Group of Effects with
support from the sceretanat. It agreed to submit to the Exccutive Body for its consideration
a version revised by the Chair of the Working Group, the Chair of the EMEP Steering
Body, the Co-Chairs of task forces and centres and the Burcau of the Executive Body in
line with discussions and comments received

* The peesent document is being issued without formal editing

GE. 18-1600%E) :‘E
T s rpY
= 18160009 = Ea

Revised mandate for the Task Force and the Programme Centre of the

International Cooperative Programme on Effects of Air Pollution on

Natural Vegetation and Crops

Introduction

25. The current terms of reference (mandates) for Intermational Cooperative
Programmes (ICPs) and the Task Force on the Health Aspects of Air Pollution had been
specified in  document Future Development of Effects-Oniented  Activities
(EB.AIR/WG.1/2000/4, Annexes 11-VIII) approved by the Working Group on Effects
(WGE) and the Exccutive Body in 2000.

26. Highhights of achicvements of the Task Force and Programme Centre of the
Intemational Cooperative Programme on Effects of Air Polluton on Natural Vegetation
and Crops arc:

(a) Establishment of more than twenty ozone flux-based cnitical levels for
vegetation (including forests), biologically a more relevant indicator of the nisk of ozone
impacts on vegetation than concentration-based critical levels, and identifying arcas most at
nsk of ozone impacts;

(b)  Provision of evidence of ozone impacts on vegetation, including interactions
with nitrogen pollution and climate change, and consequences for ecosystem services and
biodiversity, showing that impacts are widespread;

(c)  Observation of a lack of trends of ozonc impacts on vegetation in the last two
decades, hence ozone pollution remains of global concern with background concentrations
nsing in Europe, contnbuting to impacts on vegetation;

@ Monitoring heavy metal and nitrogen concentrations in naturally growing
mo! ¢ 1990 has identified declines in concentrations in many arcas of Europe whilst
hotspots of heavy metal and nitrogen pollution still remain;

Considerable decline in cadmium and lead concentrations in mosses since
1990, 0 a lesser extent mercury concentrations, provides cvidence for the success of
heavy metal air pollution abatement policies in Europe, with mercury pollution remaining
of global concern.

27 The mandates for the task forces and centres under the Working Group on Effects
need 1o be revised and updated to ensure that they are consistent with the provisions of the
amended protocols to the Convention, as well as its strategic priontics as st out in the
following documents:

(a) Revised Long-term Strategy for the Convention on Long-range
Transboundary Air Pollution (ECE/EB.AIR/2018/1);

(b) The 2016 scientific assessment of the Convention; and

(c) Policy response to the 2016 scientific assessment of the Convention

(ECE/EB.AIR/WG.5/2017/3, ECE/EB.AIR/WG.5/2017/3/Corr.1 and
ECE/EB.AIR/2017/4)
28.  The revised mandate contained below, includes the key objective and functions of
the Task Force and the Centre to be camied out on an ongoing basis. [Lis cxpecicd to bein
place for the next 5 to 10 years. Additional activitics, and specific tasks and associated
‘GeTiverables to be carncd out in a shorter timeframe, will be included in the biennial
workplans for the impl. ation of the Convention.




Yyewhe Cpbuje y ICP Vegetation nporpamy

n=92 n=193 n=193
+ 2000. roamHe....2005...2810...2015.

Jonrnal of Radioanalytical and Nuclear Chemistry, Vol. 259, No. 1 (2004) 141-147

Atmospheric deposition of heavy metals in northern Serbia and
Bosnia-Herzegovina studied by the moss biomonitoring,
neutron activation analysis and GIS technology

M. V. Frontasyeva,l* T. Ye. Ga]inskayn,l M. Krmar,2 M. I\Intavuly,2 S. S. Pavlov,!
E. A. Povtoreyko,! D. Radnovic,? E. Steinnes’

! Frank Laboratory of Nentron Physics, Joint Institute for Nuclear Research, 141 980 Dubna, Russia
? Faculty of Science, University of Novi Sad, Yugoslavia
3 Department of Chemistry, Norwegian University of Science and Technology, NO-7491 Trondheim, Norway

» 2015. roanHe yKkroyImMBaAHE AQD. 30 OU3MKY XXMB. CPEAMHE

Ecological Indicators 90 (2018) 529-539

Contents lists available at ScienceDirect ECOLOGICAL

Ecological Indicators

ELSEVIER journal homepage: www.elsevier.com/locate/ecolind
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Original Articles
Environmental implication indices from elemental characterisations of M)
collocated topsoil and moss samples |

Mira Ani¢i¢ Uro$evié™”, Gordana Vukovi¢”, Predrag Vasi¢”, Tatjana Jakgi¢®, Dragica Nikoli¢®,
Sandra Skrivanj“, Aleksandar Popovié¢®*
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* BUCOK JOHO-M3MEHUBAYKM KAMALUMTET

A rhysodes *3eAEHN AMO MOXOBMHE: 2,5-3 FOA.
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[lopenerbe MOHUTOPMHI TEXHUKO

MHCTPYMEHTH

* EAEKTPMYHO HAMQjAHE
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*TpEHYTHE BPEAHOCTH
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* KYMYAQTUBHA BPEAHOCT
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M3AATAHA
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Y30PKOBAHA
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*MOSS BAGS”
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*be3 oApXaBAHA

* KYMYAQTUBHA BPEAHOCT
* EKOHOMMYHE
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* AeOUHMCAHO M3AATAHA
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[TaCMBHM DMOMOHUTOPUHT...

e EBPOMCKM CTOHAQPA 30
Y30PKOBAHE MOXOBMHA

* MANUAL 30 y30pKOBOHE
M AHAAM3Y MOXOBMHAO

* MODMAHO ANAMKALM|O
"Moss ICP

EUROPEAN STANDARD
NORME EUROPEENNE
EUROPAISCHE NORM

EN 16414

February 2014

HEAVY METALS, NITROGEN
AND POPs IN EUROPEAN
MOSSES: 2020 SURVEY

e

ses - Accumulation of
ollected in situ: from the
1 of samples

LiReniutt - Biomonitoring mit Moosen - Akkumulation von
Luftsch in Moosen 9
Probenahme und Probenaufbereitung

Nhich stipulate the conditions for giving this European
M i s such national

montn'ar:yCEN member.

A version in any other language made by translation
CEN-CENELEC Management Centre has the same

ptia, Cyprus, Czech Republic, Denmark, Estonia,
Jary, lceland, ireland, Italy, Latvia, Lithuania,
lovenia, Spain, Sweden, Switzerland, Turkey and United

Moss ICP Vegetation
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The 32n9 |CP Vegetation

Task Force Meeting
18 -21 Feb 2019
Targoviste, Romania

ASSESSMENT OF ANOMALIES IN DISTRIBUTION OF

RARE EARTH ELEMENTS ACROSS SERBIA USING
MOSS BIOMONITORING

Anidi¢ Urodevi¢ M.,' Krmar M.,2 Radnovi¢ D.,2 Vukovi¢ G.,' Vasi¢ P.,* Jaksi¢ T.2,
Frontasyeva M.V.4, Popovi¢ A5

linstitute of Physios Belgrode, University of Belgrode. Pregrevioa 118, 11080 Beigrode, Serbia; ‘Fooulty of Soience, Univerity Novi Sod, Trg Dostejo

Obradovica 3, 21000 Novi Sad, Serbia; *Faculty of Natural Sciences, University of Pristing, ive Loie Ribara 29, 38220, Kesovska Mitrovioa, Serbi

“Fronk Loboratory of Neutron Physios, Joinf insfitufe for Nuolear Researoh, Joliot.Curie 6, Dubna, 141980; Rumion Federation, *Foouify of Chemistry,
Universify of Beigrade, Studentzki irg 12 . 16, Belgrade, Serbic

Results and Discussion
The measured and normalisea REE concentrations in the moss

Infroduction
in e recent gecodss, rare eartn elements [RESs) are

recognised s xenobiofics due to their growing mining and
appication in agrculture, medicine, nigh-tech electronics
and communication systems. The increasing use of REEs in

iff areas of human activity has led 10 environmental

A — = ) ————
( \J—, h‘—\T}\i N \\d—cvg\

075-1.11
112-162
® 16324
245-3098

© 500600
@ cous

024-074

contamination and bicaccumuiation persist for a long time.
Arporne particuiate matter s o camer of many potentialy

sampies are present on Figure 1. According 10 Sc @5 O
reference element, e median EFs showed siightly enfichment
of the REEs in the moss sampies (Fgure 2). The statistically
signficant comeiotions were ODIgINGd Detween the REE
concentrations in the moss [R 2 0.80, p < 0.05), which imply the
similar ongin of the eements, probably geocgenic. Spatial

foXC elements incluging REES. Mosses nave Deen studied as
biomonitors of positive or negarive anomaies in REE
gistribution over | aregs inguced by deposition of
[“-¥““atmosphefic particuiate mafter.

Experiment - e rrves :

aistribution of moss REE concentrations across Serbia (Figure 3}
suggesting Two areas of the increased element abundance at
soutn ana east of tne country. e

In the samples of moss ‘Hyphum cupressiforme, collected 1 [ =
Qcross Serpig in 2015/2016, 17 REEs were defermined: ¢, Y, Tome

LasCe, Pr. 13, Pm, Sm, Eu, &a, Tb, By, Ho, Ef. Tm, Y5 ana LU.
suUrements were done by ICP-M5. The obrained REE

i were r ised to ther values in European

~Shae (EUS), North American Shale Composite (NASC), Post

»~ Archean Austrgian Snhole (PAAS) ana Upper Continental
" “* Cryust (UCC). Deviation of the element concentrations from
me natural voles was estimared by caiculating their
enricnment (EFs) in the moss samples.

. so oo o oz o
Ce Pr Nd Pm Sm Eu

Moss can be used in monitoring of rare earn
elements, except for Pm. in Serbia, REEs are
mainly of geogenic ongin.

Figure 3. Distibufion of REE conzeniration: (ug §') in the meos: sample: acses: Sertie

BT Coo |~ Prmw—— )
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HEAVY METALS, NITROGEN
AND POPs IN EUROPEAN
MOSSES: 2020 SURVEY

* YHanpehere MANUAL-a 30 y30pKOBOHE/AHAAM3Y

MGXO B M H G MONITORING MANUAL
Mos,flc_ ivi?etalion o P o el vegeon and Crop |
i w E --:::.L
== - Ynotpeba MobuaHe anamkauujie Moss ICP™ npu
.E: = ———  Y30pPKOBAHY MOXOBMHA

e [1O3MB 3&eMAPAMA AQ YHECTBY]Y Y HOBO] KOMMNAHMU Y30PKOBAHA/AHAAM3ZE
MAXOBUHA TOKOM 2020. roamHe |

* U3BeCTUTU PEAEBAOHTHE HALMOHAAHE MHCTUTYLUMUjE O PE3YATATMMA
ICP Vegetation nporpama !ll
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Environmental Physics Laboratory I
Institute of Physics Belgrade | University of Belgrade | Serbia
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cP Vegeo’non progrcm MOsSs survey

o« Cpbuja yyecHumk oa 2000. roamHe

* Y30pPKOBAHE HA 5 TOAMHA

e BpLUHM 3€AEHU AMO MOXOBUHE (2,5-3-TOAMLLIFEM M3AQHOK)
je y30pak

e KOCMOMOAUTCKA BPCTA MOXOBUHE — BEAMKM BPO] MECTO
Y30PKOBAHA

» [PUKA3 PE3YATATA MEPEHA KPO3 KapTe 3arahera
BA3AYXQ



Manupare 3aranema Basayxa 'y Cpoujm
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BUMOMHAMKATOP MAXOBUMHA:
BOPEMEHCKU TPEHA KOHLLEHTPAUME EAEMEHATA
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KoHueHTpaumja eaemeHata (mg kg') y maxosmHm Hypnum cupressiforme
Ha noApydjy Cpbuje oa 2000. Ao 2015.



3AKAYHAK

BUOMHAMKATOPCKA BPCTA MAXOBMHE Hypnum cupressiforme ce y
Cpbujn KOPUCTH 30 UCTPOAXKMBAHE KBAAUTETA BA3AYXA Y BAH-
PAACKMM/PYRAAHMM NOARYHMMA (T3B. MACUMBHM OUOMOHUTOPUHT)

3arahere M3MEPEHO Y MAOXOBMHAOMA MOXE AQ DYAE AOKOAHOT
NOPEKAQ, AU U TPAHCMOPTOBAHO CA BENUX YAQAEHOCTU

Y Cpoujun, oa 2000. A0 2015. roa. NOCTOjM ONAAQjyhH TPEHA
3arahera BA3AYXA MOTEHUMAAHO TOKCHMYHMM EAEMEHTMMA
(MOTEHLLMJOAHM PA3AOT: MPECTAHAK PAAQ OPOJHUX MHAYCTPUJCKMX
NOCTPOjerAl)

Kopuwherwem codotBepa 3a KapTmpare noAataka (ArcGlIS m cA.)
TOOEAQPHM MPMKA3 MOAATAKA CEe AQKO MPEBOAM Y BUIYEAHO
MNPUXBATAMBUY DOPMY MAMA

Ha manama 3aranNeHoCTr BA3AyXA JOCHO CE UCTMYY NOAPYYja Ca
NOBULLEHUM KOHLEHTPAUMAMA (pyadpckmn 6baceH KM, Bopcku
MHAYCTPOM|CKU PETUOH)
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KOHTOKT:
Ap Mupa AHnymh Ypoulluesmh
MMEJA aApeCa: mira.anicic@ipb.ac.rs

Tea. +381-11-3713-004



CneumadmMYHOCTN DMOMOHUTOP (MHTA)...

* BUMOMHAMKATOPCKA BPCTA MOXOBMHE MOPA AQ BYAE LLIMPOKO
PACNPOCTPAHEHA, KOCMOMOAUTCKA BPCTA (AOKO AOCTYMHA)

e MeTEeOPOALLKM, KAMMATCKM M OPOrpAdOCKM OAKTOPM YTUYY HO
OUMOUNHAMKATOPCKY BPCTY (COABOPU3Y]Y MAM HE HEH PACT)

 MOXOBMHQO Cée Y30pKYje Ca OTBOPEHMX MNOBPLUMHA M HO U3BECHO]
YAQNEHOCTM OA HOCENAA W MYTEBA KAKO OM ce U3BErAa AOKOAHAO
KOHTAOMMHALM|O M MOCTUTAC PEMPE3IEHTATUBHOCT Y30PKOBAHA

*  Y30PKOBAHE BPLUM CTPYYHA O0CcODq, BMOAOT, KOJA PACNO3HAjE BPCTE
MOXOBUHA

* Y NMNOHOBNSEHUM 5-TOAULLIFBMM UCTPOXMBAFMMA, Y30PKYjE CE Ca
MCTUX KOOPAMHATA KOKO OU UCTPOAXKMBAHCA BDUAC KOMMAPRATUBHA



CneumadmMYHOCTN DMOMOHUTOP (MHTA)...

e [lOLUTO HEMAQ]Y MPABU KOPEHOB CUCTEM, MAXOBMHE YNH|AJY
HYTPU]EHTE U BOAY M3 ATMOCOEPE TE CE€ CACTAB OKOAHOT
BA3AYXA PEXAEKTY|E Y CACTABY HMXOBOT TKMBA

e BpLUHK, 3€AEHN AMO MAXOBUMHE (KOjM j€ MAHAQH 3-TOAULLIFEM
PACTY) C€ Y3UMA 30 XEMM|CKY AHOAM3Y

e MYATMEAEMEHTHE N OCETHSUBE XEMM|CKE TEXHUKE, KOO LLTO CY
|CP-OES 1 ICP-MS, cy noAaecHe 30 AHAAM3Y Y30pAKA MAXOBMHA

e MM3mepeHe KOHLEHTPAUME EAEMEHATA CE OBMYHO M3PAXKABA]Y Y
mg kg cyBe mace y3opka

o Kopuuherem codTteepa 3a kaptmpare noaatraka (ArcGlIS m
CA.) TADEAQPHM MPUKA3 MOAATAKA CE AQKO NPEBOAM Y BU3YEAHO
NPUXBATAMBUY DOPMY MAMA

o Y Cpbujn, oa 2000. Ao 2015. roA. moCToOM onaAQjyhm TpeHA
3arahera BA3sAYyXA NOTEHUMJAAHO TOKCUYHUM EAEMEHTUMA
(MOTEHLMJOAHM PA3AOT: NPECTAHAK PAAQ OPOJHUX MHAYCTPUJCKMX
NOCTPOjerAl)
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