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“Effects of freezing and soil drought on the geochemical fractionation of
americium in Fluvisol and Cambisol soils from Bulgaria” Kovacheva P, Yovkova
D, Todorov B, Djingova R. Central European Geology. 2013 Mar 1;56(1):1-2.
DOI: https://doi.org/10.1556/ceugeol.56.2013.1.1

Extreme changes of environmental conditions can alter the soil properties and
influence the migration ability and bioavailability of pollutants. Elucidation of the
effects of the extreme weather conditions, such as sharp temperature change, drought
and floods, on the fractionation of radionuclides in different soil types is especially
important for adequate risk assessment after radioactive contamination. The effects of
short-term and prolonged freezing and soil drought on the geochemical fractionation of
americium in two soil types (Fluvisol and Cambisol, classified according to the World
Reference Base for Soil Resources/FAO) from Bulgaria were studied. The changes of
the physico-chemical forms of 2*'Am after storage under different conditions were
determined by the sequential extraction procedure and gamma-spectrometric
measurements. The impact of the sharp temperature decrease and drought on the
association of the radionuclide with the various soil phases was considered in terms of
the soil characteristics. The results showed that the risk of increased mobility and
bioavailability of americium in the loamy-sand soil with acidic pH and very low cation
exchange capacity (CEC) exists under the examined extreme environmental conditions.
The soil with sand-loam texture tended to immobilize americium after freeze and
drought storage.

ExcTpemMHHTE IPOMEHHU B YCJIOBHUSATA HA OKOJIHATAa Cpella MOTaT J1a MPOMEHST
CBOWCTBaTa Ha TOYBaTa W Ja MOBIUSAAT Ha CHOCOOHOCTTa 3a MHIpalUs H
OMOHATMYHOCTTA Ha 3ambpcHuTenure. M3scHsaBaHeTO Ha €(pEeKTUTE OT eKCTPEeMHUTE
METEOPOJIOTUYHM YCIIOBHSI, KaTO ps3Ka IMpOMsSHA Ha TeMIeparypara, Cylia Hu
HaBOJHEHHUSA, BBPXY (PAKIMOHMPAHETO HA PATUOHYKIUIUTE B PA3IMYHUTE THUIIOBE
MOYBM € OCOOCHO BaXKHO 3a aJIeKBaTHA OLEHKAa Ha pHCKa CIed PaJuOaKTUBHO
3ambpcsBaHe. M3crnenBanu ca edekTuTre OT KPaTKOTPAHHO U MPOIBIDKUTEIHO
3aMpb3BaHE M MOYBEHA CyIla BHPXY T€OXUMHUYHOTO (PpaKIMOHUpAHE HA aMEPULIUH B
nea Tuna mnouBd (Fluvisol m Cambisol, xmacudpunmpanu crnopen CBeToBHaTa
pedepentHa 6a3a 3a nmouBeHu pecypcu/FAO) ot bearapus. [lpomenute Ha (usuxo-
xuMuynUTe hopmu Ha 24! Am crien chbXpaHeHue Npy pasiuyHK YCIOBUS CE ONPEIEIAT
ype3 TMpoleaypara Ha TOCIEJOBAaTENIHA EKCTPAKIHUs U rama-CIeKTPOMETPUYHH
u3MepBanus. OT TryieHa TOYKAa Ha IIOYBEHUTE XapaKTEPUCTHKU € pasriiefaHo
BIIMSIHUETO Ha PSI3KOTO MOHIKEHHE Ha TeMIlepaTrypaTa U cyllaTa BbpXYy Bpb3KaTa Ha
palMOHYKIMIA C pa3IUYHUTE MouBeHW a3zu. Pesynrature mnokasmar, 4e TpHU
M3CJIEIBAHUTE EKCTPEMHH YCIIOBHS HAa OKOJIHATA CpPeJia ChIECTBYBA PUCK OT MOBHUILICHA
MOJBMYKHOCT ¥ OMOHAJIMYHOCT Ha aMEPUIMH B TIIMHECTO-IISICBYHUTE MTOYBU C KUCEIIO
pH u muoro mucek karuoHneH oomenen kamanuteT (CEC). IlouBaTta ¢ msch4HO-



IJIMHECTa TEKCTypa MMa TeHIEHIMA JAa (QUKCHpa aMepuls ciel 3aMpb3BaHe U
CbXpPaHEHHUE B CylIa.

“Fractionation and soil-plant transfer of 2! Am in different soil types” Todorov
B, Djingova R. Pedosphere. 2015 Apr 1;25(2):212-9. DOI:
https://doi.org/10.1016/S1002-0160(15)60006-6

Monitoring the behavior of radioactive contaminants associated with military
applications, nuclear power facilities, and interim storage of radioactive waste materials
is of significant concern in radiological analysis. Four sequential extraction schemes
(SES) for fractionation of 2*!Am were compared using five different types of soils,
Vertisol, Cambisol, Chromic Luvisol, Eutric Fluvisol, and mixed urban soil, collected
from different parts of Bulgaria. The results for the exchangeable *! Am were in a wide
range and depended on the SES used. Soil 2*!Am varied from 0.5% to 6% in the
exchangeable phase, from 0.5% to 35% in the carbonate phase, from 0.4% to 36% in
the reducible phase (easily reducible and moderately reducible), from 3% to 17% in the
oxidizable phase, and from 10% to 50% in the residual phase. After 100 d of
contamination, around 50% of soil ?*! Am was permanently fixed in the residual phase.
There was strong evidence that the preferable soil phase for 2*' Am was the carbonate
phase. The transfer factor of 2*! Am in the soil-plant system depended on 2*!' Am in the
easily oxidizable phase (fulvic acid (FA)+humic acid (HA) phase). These confirmed
the applicability of the National Institute of Standards and Technology (NIST)
sequential extraction scheme for fractionation of soil *! Am since it includes extraction
of FA+HA phase and then the carbonate phase.

[ToBeICHUETO HA PAJMOAKTUBHUTE 3aMbPCHTENU TOJYYEHH BCIEICTBUE OT
BOCHHU OIHTH, SJAPEHH EHEPTUHHU CHOPHKEHUS M BPEMEHHO ChXPaHEHHE Ha
PaJMOaKTUBHA OTNAJbYHM MaTepuaad, NPEACTABIsSBA 3HAYUTENHA YacT OT
PasAMoNIOrMYHUAT MOHUTOPHUHT. YeTupu cxemu 3a nocienonarensa ekcrpakuus (SES)
3a ppakuronupane Ha >*' Am Osxa cpaBHEHH ¢ IOMOIITA Ha MET Pa3IMYHU TUIIA IOYBH,
Vertisol, Cambisol, Chromic Luvisol, Eutric Fluvisol u cmecena rpajacka mousa,
chOpaHu OT pa3iMyHK 4acTh Ha bwarapus. Pesynratute 3a oOMenusar **'Am Gsxa B
IIMPOK JMANa3oH U 3aBucexa or usnoassanus SES. IMousara 2*! Am Bapupa ot 0,5%
1o 6% B oOmeHnHara ¢aza, ot 0,5% 1o 35% B xkapbonaTHara ¢asa, ot 0,4% 10 36% B
penyupyemata ¢asza (JiecHO peayluupyeMa u ymepeHo peayuupyema), ot 3% mo 17%
B okucisemara ¢aza u ot 10% no 50% B ocrtarpunata ¢asza. Cnen 100 d Ha
3aMbpcsBane, 0koJo 50% ot nousata 24! Am e Tpaiino ¢pukcupana B octaThuHaTa (asa.
MMaliie Cepro3HHM JI0KAa3aTeNICTBA, Y€ IMpEeAnoYnTaHaTa nouseHa ¢asa 3a *'Am e
kapbonarHara (asza. KoepunuenTsr Ha Tpancdep or *'Am B cucremara mousa-
pacTeHHe 3aBHCH OT aMEpHIMs B JIECHO OKHcisemaTa (asza ((payBHHOBA KUCEIMHA
(FA)+xymunoBa kucennna (HA) ¢a3za). Te moTBbpanxa NpuIoKUMOCTTa Ha CXemara
3a TIOC/IENOBATENHA €KCTpakuus Ha HalMoHATIHWS WMHCTHTYT [0 CTaHAapTH H
texnonorun (NIST) 3a (pakuronupane Ha mousara 2*'Am, ThH Karo Ts BKIOYBA
u3BnuyaHe Ha (aza FA+HA u cnen ToBa Ha kapOoHaTHa ¢a3a.

“Copper radiopharmaceuticals for theranostic applications” Ahmedova A,
Todorov B, Burdzhiev N, Goze C. European journal of medicinal chemistry.
2018 Sep 5;157:1406-25. DOI: https://doi.org/10.1016/j.ejmech.2018.08.051



The growing advancement in nuclear medicine challenges researchers from
several different fields to integrate imaging and therapeutic modalities in a theranostic
radiopharmaceutical, which can be defined as a molecular entity with readily
replaceable radioisotope to provide easy switch between diagnostic and therapeutic
applications for efficient and patient-friendly treatment of diseases. For such a reason,
the diagnostic and therapeutic potential of all five medical radionuclides of copper have
thoroughly been investigated as they boost the hope for development of successful
radiotheranostics. To facilitate the mutual understanding between all different
specialists working on this multidisciplinary field, we summarized the recent updates
in copper-based nuclear medicine, with specific attention to the potential theranostic
applications. Thereby, this review paper is focused on the current achievements in the
copper-related complementary fields, such as synthetic and nuclear chemistry,
biological assessment of radiopharmaceuticals, design and development of
nanomaterials for multimodal theranostic implications. This work includes: 1)
description of available copper radionuclide production methods; ii) analyses of the
synthetic strategies for development of improved copper radiopharmaceuticals; iii)
summary of reported clinical data and recent preclinical studies from the last five years
on biological applicability of copper radiopharmaceuticals; and iv) illustration of some
sophisticated multimodal nanotheranostic agents that comprise several imaging and
therapeutic modalities. Significant advancement can be seen in the synthetic
procedures, which enables the broader implication of pretargeting approaches via
bioorthogonal click reactions, as well as in the nanotechnology methods for biomimetic
construction of biocompatible multimodal copper theranostics. All this gives the hope
that personalized treatment of various diseases can be achieved by copper theranostics
in the near future.

HapactBamust HanpeIbK B SIpeHaTa MEIUIIMHA MPEAN3BUKBA U3CIIeI0BATENIN
OT HSKOJIKO Pa3InYHH OOJIACTH J1a MUHTETPUPAT 0OpA3HU U TEPaNeBTUIHN MOJAITHOCTH
B TEpaHOCTUYEH paanodapMmaieBTHK, KOWTO Moxe aa Obae neduHHpaH KaTo
MOJICKYJISIpHA €IMHHIIA C JIECHO 3aMEHSEM paJMOM30TOIl, 3a Jla OCUTYPH JIECHO
MPEBKIIOYBAHE MEXKTy JUATHOCTUYHU U TEPANEBTUYHU MPHUIIOKEHUS 32 €()EKTUBHU H
yAOOHM 3a TalueHTa JeueHWe Ha 3abonsgBanus. [lopamgu Tasm mpuunHA
JMArHOCTUYHUAT M TEPANCBTUYHUAT IMOTCHIMAT HA BCHUYKHTE IET MEIUIUHCKH
PaIMOHYKIIH/IA HA ME/ITA Ca 3aIBIO0YEHO MMPOYUCHHU, Thi KaTO T 3aCUIIBAT HAIE)K1aTa
3a pa3BUTHE Ha yCIICUIHA PaJlOTEepacTUKa. 3a Ja YJIECHUM B3aUMHOTO pa3zOHpaHe
MEXIy BCUYKH Pa3IMYHH CIEIUATUCTH, padOTelIy B Ta3d MYJITHIUCIUIUIMHAPHA
obuacT, Hue 0000IIMXMe MOCIeTHUTE aKTyaTu3aliy B ApeHaTa MeAUIMHA Ha Oa3aTa
Ha MeJ, Karo OoObpHAXMe CICHUATHO BHUMAHUE HA MOTCHIMATHUTE TEPAHOCTUIHH
npwiokeHus. [lo TO3W HAYMH TO3M O030pEH MOKYMEHT € (OKycHpaH BBPXY
HACTOSIIUTE TOCTHKEHUS B CBBP3AaHHUTE C MEATa JONBIHUTEIHU O0JACTH, KAaTo
CUHTETHYHA ¥ SIpeHa XWMHs, OWOJOTMYHA OICHKa Ha paauodapMarieBTHIIN,
MpoeKTUpaHe U pa3paboTBaHe HAa HAHOMATEPHAIH 32 MYJITHMOJAIHHU TEPAHOCTUYHH
nocneauny. Tasu paboTa BKIOYBA: 1) OMMCAHME HA HAIMYHUTE METOAH 3a
MIPOM3BOJICTBO HA MEIHH PAJHUOHYKIUAN; 11) aHATM3H HAa CHHTETHYHHUTE CTPATErHHU 3a
pazpaboTBaHe Ha MOAOOpPEeHHM MeAHHM paauodapMmaleBTUIM; iii)) o0oOIIeHHe Ha
JOKJIaJIBAHUTE KIWHUYHUA JIaHHU W CKOPOLIHH NPEIKIMHUYHH TPOYYBAHUS OT
MOCIEAHUTE TIeT TOAWHH OTHOCHO OWOJOTMYHATA NPUIOKUMOCT Ha METHUTE
paguodapManeBTHIN;, W 1V) WIIOCTpallds HA HSIKOU CJIOXKHU MYJITHUMOJAITHU
HAHOTEPAHOCTUYHHM AareHTH, KOUTO BKJIIOYBAT HSIKOJKO OOpa3sHH M TEepPareBTUYHH
MOJIaJTHOCTH. 3HAYUTENICH HANPEIbK MOXKE Ja CE BUAM B CHHTCTUYHHTE MPOLETYPH,



KOUTO T[I03BOJISIBAT MO-UIMPOKOTO IpWJIaraHe Ha MOAXOAM 3a IIPEIBAPUTEIIHO
Haco4YBaHe 4Ype3 OWOOPTOTOHAIHM pEaKIMM Ha [IpaKBaHE, KakKTO M B
HAaHOTEXHOJIOTHYHUTE METOAM 32 OMOMHUMETHYHO H3rpakJaHe Ha OHOCHBMECTUMHU
MYATUMOJAJIHM MEOHM TEpaHOCTHKH. Bcuuko ToBa 1maBa Haaexnaa, de
NEPCOHATM3UPAHOTO JICUCHHE Ha pa3IMyHH 3a00JsBaHUS MOXE A2 ObJe MOCTUTHATO
Yype3 MeJlHa TEPAaHOCTHUKA B OJTU3KO ObelIe.

“Recycling of 130 enriched water used in '3F cyclotron production” Todorov B,
Belovezhdova I, Alanen O, Airaksinen AJ, Djingova R. Applied Radiation and
Isotopes. 2019 Mar 1;145:109-15.
DOI:https://doi.org/10.1016/j.apradiso.2018.12.013

A simple, effective, easy-handling and reliable method for recycling of
['80]H20 from fluorine-18 production, was developed based on co-precipitation, co-
crystallization and distillation. Preliminary experiments with normal H>O were used to
determine the optimal purification conditions, which were tested for purification of
used ['80]H,0 from a scientific and commercial '®F-production facility. The obtained
recycled ['80]H,0O had comparable quality to commercially available 80 enriched
water. The loss of weight for enriched water was about only 7% and losses of 80
enrichment about 1.3% =+ 0.2%. The method ensures elimination of radioisotopes
(99.7% £ 0.1%), organic compounds (99.5% =+ 0.1%) and trace metals (99.8% + 0.1%)
with special attention on radiation safety with dosimetry control checks and in total
1000 times mass reduction of the initial radioactive waste.

Pa3zpaboren e mpoct, edekThBeH, JeceH 3a paboTa M HAACKIEH METOHd 32
peuukmupane Ha [*O1H20 ot npousBoacTBOTO Ha (iryop-18, 6asupan Ha CHBMECTHO
yTasBaHe, CBbBMECTHAa KpUCTaJM3alus M JecTwiauus. bsxa  u3moa3BaHU
NpeBapUTENIHU eKCIepuMeHTn ¢ HopMmainHa H>O 3a ompexernsiHe Ha ONTHMAIIHUTE
yCIIOBHS Ha MPEYUCTBAaHE, KOUTO OfXa TECTBAHM 3a MPEUMCTBAHE Ha W3IOJI3BaHATA
['80]H20 oT Hay4HO U THPrOBCKO ChOPHKEHHE 3a TPou3BoAcTBO Ha '*F. Ionyuenara
peunkmupana ['*OJH>0 uMa cpaBHUMO KayecTBO C HAIMYHATA B ThPrOBCKATa MPEXkKa
Boj1a, oborarena ¢ 80. 3ary6ara Ha Tersio 3a oboraTeHaTa Bojia € 0KoJo 7% u 3aryoure
ot oboratsBane ¢ 180 okono 1,3% + 0,2%. MeTtoabsT ocurypsiBa eIMMUHHpAHE HA
paguonszotonu (99,7% + 0,1%), oprannunu creaunenus (99,5% =+ 0,1%) u cnenu ot
metamu (99,8% + 0,1%) cbe criennanHO BHUMaHUE Ha paJualliOHHATa OE30MacHOCT C
no3UMeTpudyHu TmpoBepkun u ob6bmo 1000 mhTH HamansBaHe Ha MacaTa Ha
I'bPBOHAYAIHUTE PATUOAKTUBHU OTIHAIBIIU.

“Recovery of radionuclides with ionic liquids. I. Selective extraction of 2!Am”
Belovezhdova I, Todorov B, Bogdanov MG. Separation and Purification
Technology. 2021 May 1;262:118303. DOI:
https://doi.org/10.1016/j.seppur.2021.118303

I-methyl-3-octylimidazolium saccharinate {[C8Clim][Sac]} — a hydrophobic
but polar ionic liquid (IL) capable of capturing and liberating water in a controllable
manner was employed as an extraction phase in the liquid—liquid extraction for the
recovery of radioactive elements (>**' Am, '3’Cs and ®°Co) from aqueous solutions. The
influence of factors such as IL/aqueous source ratio, pH and presence of complex-



forming agents (citric acid, oxalic acid) on the extraction yield was comprehensively
studied. The radionuclides were shown to possess different behavior under the same
conditions, the latter being attributed, and further proved by theoretical speciation
analysis, to the formation of species capable of interacting in a specific manner with
the IL-phase. The results obtained showed the possibility for controllable and selective
transfer between the IL and aqueous phases and resulted in the development of a simple
procedure for extraction and concentration of 2*' Am. The method developed proved
successful in the monitoring of this radionuclide in drinking water samples.

I-mMeTun-3-oktunumuaazonueB 3axapunat {[C8Clim][Sac]} — xumpocdobHa,
HO mosisipHa HWoHHa TewyHocT (IL), cmocoOHa na ynmaBs W OCBOOOXKIaBa BOjAa IO
KOHTPOJIMpAH HauuH, Oelle u3noiI3BaHa KaTo (pa3a Ha eKCTpaKIHs MPU EKCTPAKLUATA
TEYHOCT-TEYHOCT 3a M3BJIMYAaHE Ha paguoakTuBHu enementd (**'Am, *’Cs u %°Co) or
BOJIHU pa3TBOpH. BrimsiHuero Ha ¢akropu karo crotHomeHue 1L/Boaen nzrounuk, pH
U HaIM4Yhe Ha KOMIUIEKCOOOpa3yBalld areHTd (JIMMOHEHA KHCEIMHA, OKCaJoBa
KHCEJIMHA) BbPXY €KCTPAKIIMOHHUS JOOMB € n3depnareiaHo npoyueno. [Tokaszano e, ye
PaIMOHYKIMIUTE MIPUTEKABAT PA3INYHO TTOBEJACHNE NIPU €HU U CHIIH YCIOBUS, KaTO
MOCTETHOTO C€ TPHUMNKMCBA M JIOMBJIHUTENIHO C€ JI0OKa3Ba 4Ype3 TEOpPETHYCH
BU7000pa3yBalll aHaJIW3 Ha 00pa3yBaHETO Ha BHUJIOBE, CHOCOOHU J1a B3aUMOCHCTBAT
no cnenupuyen HauuH ¢ IL-¢azara. [Tomyuenure pe3ynraTi nokazaxa Bb3MOKHOCTTA
3a KOHTPOJIUPYEM U celleKTUBeH TpaHcdep mexay IL u BonnaTa dasza u goBemoxa J1o
paspaboTBaHETO HA MPOCTa MPOIEAYPa 32 EKCTPAKIMA W KOHLEHTpanus Ha 2*'Am.
Pazpa®oTeHusT METOA Ce OKa3a yCIeIIeH TP MOHUTOPHUHTA Ha TO3U PAJAUOHYKIIH]L B
npobu oT mUTelHa BoJa.

HAYYHA IMYBJIUKAIIUA - U3BbH XABMWJIMTAIIMOHHUSA TPY J{
(I'pyna ot nokaszaresn I')

1. “A method for extraction of bioavalable americium based on new complex of
americium-241 with a fluorinated tris-p-diketone” Todorov B, Vasilev A,
Deligeorgiev T, Djingova R, Asian Chem. Letters, 2010 14,(3):25-32.

Tne synthesis and extraction of a novel mono nuclear americium (II1) complexes
with tris [4.4,4-trifloro-I-(4-pyridil)-3-butanedione], 4,4,4-trifluoro-I-(4-methoxy-
pheny])-butane-1,3-dione and 4,4,4-trifluoro-I-(4-chloro-pheny])-butane-3-dione has
been achieved. The optimal reaction conditions for the synthesis of Am (III) complexes
with fluorinated tris-B-diketones has been established at pH near to neutral in presence
of nitric, oxalic and acetate anions. The extraction of americium complexes by water
solution was studied. Methyl isobutyl ketone, diethyl ether and dichlor methan were
proven to be a suitable extractants for removal of the complexes from the water
solution. The best results of extraction were obtained at pH = 6.5 and extraction times
up to 0.5 minutes with ten-stage test with 92% yield.

CuHTe3 U eKcTpakuus Ha HOBU MoHosiipeHn amepuuuesu (I11) kommiekcu ¢ tpuc
[4.4,4-Tpudnopo-1-(4-mupuamn)-3-0yranauon]|, 4,4,4-tpudayopo-1-(4-meTokcn) -
¢enn])-0yran-1,3-nuon  u  4,4,4-rpudayopo-1-(4-xnopo-¢penu])-0yran-3-1uon e
IIOCTUTHAT. Y CTAHOBEHU Ca ONITHUMAJIHUTE PEAKLIMOHHM YCI0BUs 3a cuHTe3a Ha Am (1)
KOMIUIEKCH ¢ (ayopupanu Tpuc-B-nukeronn npu pH O1am3o 1m0 HEyTpaaHO B



IIPUCBHCTBUETO HA a30THU, OKCAJIOBU U aLlCTATHU aHUOHMU. M3caenBaHo € U3BJIMYaHETO
Ha aMepUIIMEeBU KOMIUIEKCH € BOJIEH pa3TBop. Joka3aHo e, ue MeTH]1 n300yTHIIKETOH,
JUETUIOB €Tep U JUXJIOPMETAH ca IMOAXOIAIIM EKCTPareHTH 3a OTCTPAHSIBAaHE Ha
KOMIUIEKCUTE OT BOJHMA pa3TBop. Hali-moOpurte pesyntaTh OT EKCTpakIus ca
nostydyeHu npu pH = 6,5 u BpeMe Ha excrpakuusa 0,5 MUHYTH C JECET TOBTOPEHUS C
92% noOwus.

“On the chemical composition of the ingot from cape Kaliakra (Bulgaria)”
Todorov B, Kuleff I, Archaeologia Bulgarica 2011; XV(1)77-81. Indexed:
Scopus; [F(2011) = 0.07 ( 0 uuraTa); Q 3 (sjr)

The chemical composition of the ingot discovered in 1972 on the seabed near
Cape Kaliakra is reported to be 32% gold, 18% silver and 43% copper (Toncheva
1973). Dr. Toncheva refers the subject to the 16th - 14th century BC.
The analysis conducted in the spring of 2010 with the help of a portable X-ray
fluorescence instrument (Bruker model Tracer III — V) found that in the find, stored
today at the National Archaeological Institute with Museum at BAS, gold and silver
contents are below the detectable minimum - 0.001 %. At the same time, the presence
of zinc (18.6%) was found, which turns the find into brass (an alloy of copper and zinc)
and not into an alloy of gold, silver and copper. The "buffalo skin" ingots known from
the end of the Bronze Age are made of copper, in which the concentrations of zinc and
tin are significantly lower. Given the time when brass containing relatively high
concentrations of tin (8.2%) appeared and its distribution, we believe that the dating of
the find reported by Dr. Toncheva is wrong. Most likely the ingot from Cape Kaliakra
was produced between 1300 and 1450 AD, and possibly later. When and how it landed
on the bottom of the Black Sea cannot be determined.

3a XMMHUYHUS CbCTaB Ha OTKpUTHA Ipe3 1972 r. Ha MOPCKOTO ABHO Kpail HOC
Kanmumakpa cnmutwk ce cpobmaar 32 % 3maro, 18 % cpebpo u 43 % men (Tonuesa
1973). A-p TonueBa otHacs npeamera kbM 16™ — 14™ ek np. Xp.
IIpoBenenusT mnpe3 mnposerra Ha 2010 r. aHanu3 ¢ mnoMolITa Ha NPEHOCHM
pentrenoduyopecuenTen nuHcTpyMeHT (Bruker model Tracer I1I-V) ycranoBu, ye B
HaxoJKaTa, cbXpaHsBaHa AHec B Hanmonannus Apxeonornuecku MHctutyt ¢ My3seit
npu BAH, chabpxkanuara Ha 371aT0 U cpedpo ca moj oTkpuBaemust MEHUMYM — 0,001
%. ChIeBpeMeHHO O€ YCTaHOBEHO MPUCHCTBUETO HA ITHK (18.6 %), KoeTo mpeBpbhIna
HaXoJIKaTa B MECHHT (CIUIaB OT MEJ U LIMHK), a He B CIUIaB OT 3J1aT0, Cpedpo U Me.
W3BecTHHTE OT Kpasi Ha OpOH30BaTa €M0Xa CIUTHIM BB (hopMarta Ha ,,0MBOJICKH KOKH’
ca nu3paboOTEeHHU OT MeJl, B KOUTO KOHLIEHTPAIIMUTE OT IIMHK U KaJlail ca 3HAYUTEIHO T10-
Hucku. Kato ce mma mpeasBua BpEMETO, KOraTO CE IOSIBIBA MECHHI, ChIbprKalll
OTHOCUTEITHO BUCOKU KOHIIEHTpaluu OT Kayai (8.2 %) 1 HEroBoTo pa3npocTpaHeHUE,
cuuTame, uye JaTHPOBKATa Ha HaxXojKara, choOIllaBaHa OT JI-p ToHYEBa, € MorpemHa.
Haii-BeposTHO cuThkbT oT Hoc Kanmakpa e npousseneH mexay 1300 u 1450 r. co.
Xp., a Moxxe 61 U no-kbcHO. Kora u kak e momnaaHai Ha IbHOTO Ha UepHO Mope He
MOJKE J]a C€ OMPEEIIH.

“Determination of uranium and thorium in soils and plants by ICP-MS. Case
study of Buhovo region” Mihaylova V, Todorov B, Djingova R. Comptes rendus
de I’Académie bulgare des Sciences. 2013 Jan 1;66(4).



ICP-MS was used for determination of U and Th in soil and plant samples from
Buhovo mining area. The results proved considerably higher concentrations of both
elements and higher isotope ratios (>*¥U/?*?Th and 2**U/?*8U) in the investigated soils
and plants in comparison to background samples. U and Th were concentrated mainly
in the seeds of the plants in contrast to background plants. Highest uptake of the
elements was established for the dandelion and lowest for the wheat sample.

ICP-MS e uznon3pan 3a onpeaensae Ha U u Th B mouBeHu U pacTUTEIHU IPOOH OT
pyaHuk byxoBo. Pe3ynrarure mokas3BaT 3HAYMTETHO IMO-BUCOKH KOHIEHTpAIMM Ha
JBaTa €IEMEHTa U II0-BHCOKU M30TONHU choTHOmeHus (38U/2¥Th u 2°U/38U) B
U3CJIEeIBAaHUTE MOYBU W pacTeHHs B cpaBHeHHE ¢ (onoBuTe mpobu. U u Th Osaxa
KOHIICHTPUpPAHU TIJIAaBHO B CEMEHaTa Ha paCTEHUATa, 3a pasiuka OT (HOHOBUTE
pacreHus. Hali-BUCOKO yCBOsIBaHE HA €JIEMEHTUTE € YCTAHOBEHO 3a IVIyXap4eTo U Hal-
HHUCKO 32 pobara OT MIIeHULA.

“On the determination of Am** in natural water based on extraction of 2! Am
complexes with fluorinated tris-f diketone” Todorov B, Vasilev A, Tosheva Z,
Deligeorgiev T, Djingova R. Comptes rendus de I’Académie bulgare des
Sciences. 2013 Jan 1;66(5).

The synthesis and extraction of mononuclear americium (III) complexes with
4,4,4-trifluoro-1-(4-chloro-phenyl)-butane-1,3-dione have been studied. The optimal
reaction conditions for the synthesis of Am (III) complex with fluorinated tris-f3-
diketone have been established at pH next to neutral. Diethyl ether and dichloromethane
were proved to be suitable extractants for removal of the complex from the water
solution. A novel two-stage extraction procedure for determination of bioavailable
americium (III) in natural waters has been developed, permitting long-term
preservation of Am3" in its original form after sampling. The extraction yield amounts
to 76.2 + 0.25% of americium in Am3* form.

N3cneaBanu ca CUHTE3a M €KCTpaKLUsATa HAa MOHOHYKJeapHu amepunuesu (11I)
Komruiekcu ¢ 4,4,4-tpuduryopo-1-(4-xnopo-pennn)-Oyran-1,3-a11oH. YcraHOBEeHH ca
ONTUMAJTHUTE PEAKUMOHHHU yclIoBHs 3a cuHTe3a Ha Am (III) xommiekc ¢ ¢uryopupan
Tpuc-B-aukeron npu pH 10 Heyrpamno. JlokazaHo e, 4e OUETWIECTEPBT U
JUXJIOPOMETAHBT Ca MOAXOMASIIN EKCTPAareHTH 3a OTCTPaHsSBAHE Ha KOMIUIEKCa OT
BOJIHUS pa3TBOp. Pa3paboTeHa e HOBa JAByeTalmHa EKCTPAKIMOHHA IMpOLEAypa 3a
ompenensHe Ha Ouonammunus amepuiuii (III) B ecTtecTBeHM BOAM, MO3BOJISIBAIIA
JBIATOCPOYHO 3amasBaHe Ha Am>" B OpUIMHAIHUS My BHJ CJ€J B3€MaHe Ha MPOOH.
EKCTpakiMOHHUAT 10OUB Bb3u3a Ha 76,2 + 0,25% amepuimii o popmara Ha Am>*,

“Synthesis and biological evaluation of novel >*I-labeled 4-(4-iodophenyl)
butanoyl-1-prolyl-(2S)-pyrrolidines for imaging prolyl oligopeptidase in vivo”
Kallinen A, Todorov B, Kallionpai R, Bick S, Sarparanta M, Raki M, Garcia-
Horsman JA, Bergstrom KA, Wallén EA, Ménnisto PT, Airaksinen
AJ.European journal of medicinal chemistry. 2014 May 22;79:436-45. DOI:
https://doi.org/10.1016/j.ejmech.2014.04.014



Prolyl oligopeptidase (POP) may be associated with neuromodulation and
development of neurodegenerative diseases and it was recently shown to participate in
the inflammatory cascade along with matrix metalloproteinases. Radiotracers, which
can be used for non-invasive imaging, are needed for investigating the role of POP in
normal physiology and in pathophysiological conditions in vivo. We synthesized two
novel POP-specific !2I- radiolabeled 4-phenylbutanoyl-l-prolyl-pyrrolidines of which
4-(4-["**T]iodophenyl)butanoyl-l-prolyl-2(S)-cyanopyrrolidine ([ '>*1]2f, Ki = 4.2 nM)
was selected. The selected compound has an electrophilic cyano group that is known to
increase the dissociation time of POP inhibitors. [!2I]2f was synthesized in high
radiochemical yield and purity (87 = 4%, >99%, respectively) and with a specific
activity of 456 + 98 GBg/umol. ['PI)2f was evaluated in healthy mice
(C57Bl/6JRccHsd) by ex vivo biodistribution studies and SPECT imaging.
Pretreatment  with  the  known inhibitor  4-phenylbutanoyl-1-prolyl-(2S)-
cyanopyrrolidine (KYP-2047, 2d, Ki = 0.023 nM) showed that binding of ['**1]2f was
POP specific. In addition, ['>*1]2f was evaluated in models of neuroinflammation and
acute localized inflammation. A minor increase in binding of [!2*I]2f was observed in
the inflamed region in the acute localized inflammation model. Similar increase in
binding was not observed in the neuroinflammation model.

[Tponun onuronentuaaszara (POP) moxxe na 0b1e CBbp3aHa ¢ HEBPOMOAYJIALUS
U pa3BUTHE HA HEBPOJETCHEPATUBHU 3a00JsIBAaHMA U HACKOpPO Oelle MOoKa3zaHo, 4e
ydJacTBa BBB BB3NAJUTENHATa Kackaja 3aeJHO C MaTPUYHHUTE METAJIONpPOTEHHA3H.
PagnoTpacepute, KOUTO MOraT Ja Ce€ W3IOJI3BAT 332 HEMHBA3UBHHU M300pa’keHUs, ca
HEoOXOIMMH 3a u3cienBaHe Ha poista Ha POP B HopmanHata ¢u3HOIOrHS U MPH
naTo(U3NOIOTHYHU ChCTOSAHUS in vivo. CuHTe3upaxme aBa HOBU POP-cnenmduyunu
1231-pagnomapkupanu  4-heHMIOyTaHOWII- | -IPOIMIT-TUPONIUANHA, OT KOUTO 4-(4-
[1231]#tomodenmn)oytanon- 1 -mpomun-2(S)-mmanonuponuaun ([f,Ki]2 = 4.2 nM).
N36panoTo cheAMHEHUE MMa eJIeKTpo(UIHA IMAHO IpyMa, 32 KOATO € M3BECTHO, 4e
yBenu4aBa Bpemero Ha auconuanus Ha POP unxuburopure. [1231]2f e cunTesupan c
BHUCOK PpaJHMOXMMHUYEH NO0OMB M unctora (chorBeTHO 87 + 4%, >99%) u cbe
cneunpuyHa akTUBHOCT OT 456 + 98 GBq/umol. [1231]2f e orieneH npu 37jpaBu MUIIKH
(C57Bl/6JRccHsd) ype3 ex vivo mpoyuBaHusi 3a Ouopasmpenenenue u SPECT
nzobpaxkenus. IlpenBapuTenHoTo TpeTUpaHe ¢ U3BECTHHA UHXUOUTOp  4-
¢bennndyTanom- 1 -nponun-(2S)-unanonuponuaua (KYP-2047, 2d, Ki = 0,023 nM)
MOKa3Ba, 4e cBbp3BaneTo Ha [1231]2f e cnetmduuno 3a POP. B nonwinenue, [1231]2f
Oemie olleHEH B MOJENIM Ha HEBPOBB3MAJICHUE M OCTPO JIOKATU3UPAHO Bb3MAJIICHHUE.
HaGmiomaBa ce HE3HAUMTENHO yBeNWYEeHHE Ha cBbp3BaHeTo Ha [1231]2f BbB
Bb3MAJIEHaTa 00JacT B MoJella Ha OCTPO JIOKAJM3UpaHO Bh3naneHue. [lomoOHO
yBEJIMYEHHUE Ha CBBP3BAHETO HE ce Ha0III01aBa B MO/IeIa Ha HEBPOBB3IMAJICHHUE.

“Geochemical fractionation and bioavailability of 2! Am, ®*Co and *’Cs in
Fluvisol soil after sharp temperature variation before the growing season”
Kovacheva P, Todorov B, Djingova R. Central European Geology. 2014 Jun
1;57(2):153-63. DOI: https://doi.org/10.1556/ceugeol.57.2014.2.3

This paper deals with the influence of sharp temperature variations on the
geochemical fractionation and bioavailability of 2*! Am, ®®Co and '3’Cs in Fluvisol soil.
The study was performed using soil contaminated with aqueous solutions of ?*!Am,
0Co and *’Cs in the laboratory and stored for three years at temperatures within the



range of 10-18 °C and soil moisture from 20 to 30 wt %. Afterward the soil was divided
into three equal parts and conditioned for one month at 10-18 °C and 40 °C temperature
regimes, respectively. The impact of the storage conditions on geochemical forms of
the radionuclides was investigated using single extraction of exchangeable '¥’Cs with
1M NH4NOj3 and sequential extraction of 2! Am and ®°Co, and by gamma-spectrometric
measurement. The influence of temperature rise up to 40 °C over a period of one month
on the transfer factors (TFs) of the radionuclides from the investigated soil to orchard
grass (Dactylis glomerata L.) was evaluated. The results showed that deep freezing and
a sharp temperature increase continuing for one month led to re-distribution of 2! Am
and ®°Co between the soil phases and provoked an increase of the exchangeable '37Cs.
Freezing led to a decrease of ! Am in the residual fraction and an increase of oxide-
bound americium. The storage at frozen conditions led to decrease of oxide bounded
%Co and increased immobilization in the residual fraction. Conditioning at high
temperature increased the migration ability of ! Am and !*’Cs, while immobilization
of %°Co was registered. Conditioning at a sharp temperature increase before the growing
season led to higher values of the TFs of all the studied radionuclides. This effect was
highest for 13’Cs. The sharp temperature change of contaminated Fluvisol soil lasting
one month was found to create a risk of increased migration and bioaccumulation of
radionuclides.

Ta3u cratus ce 3aHMMaBa C BIMSHHUETO HAa PE3KUTE TEMIEpPaTypHU BapUaIlUH
BbPXY TEOXMMHUYHOTO (ppakiuuoHupane u ouoHammunoctra Ha 2*'Am, °Co u *’Cs B
alyBHAJTHO JIMBaJIHA 1MOuBa. M3cienBaHETO € MPOBEACHO ¢ M3MOJ3BaHEe Ha IOYBa,
3aMbpceHa ¢ BoaHu pastBopu Ha 2! Am, °Co u 13’Cs B naboparopus u cbxpaHsBaHa B
IIPOBJDKEHUE HA TPU FOJIMHU [IPU TeMIlepaTypH B Auanas3oHa ot 10-18 °C u BnaxxHoCT
Ha noyBara ot 20 go 30 wt. Cnex ToBa moyBaTa ce pasjelisa Ha TPU PaBHU YaCTU U CE
KOHAMIMOHUPA 3a €AUH MECELl IIPU TeMIIepaTypHH pexumu cboTBeTHO 10-18 °C u 40
°C. BinusHueTo Ha yCIOBHATAa Ha ChXpPAaHEHUWE BBPXY TEOXUMHYHHTE (POpPMHU Ha
PaIMOHYKIMIUTE € U3CIEIBAHO C MOMOIITA Ha €JHOKpPAaTHA EKCTPAKIMs Ha OOMEHEH
137Cs ¢ 1M NH4NO3 u nocnenosarenda ekcrpakuus Ha 2*'Am u °Co u upes rama-
CIEKTPOMETPUYHO u3MepBaHe. OICHEHO € BIMSHUETO HA MOBMIIABAHETO HA
temnepatypara 10 40 °C 3a mepuoJ OoT €AUH Mecell BbpXy TpaHchepHHTE (haKTopu
(TFs) Ha paguoHYKJIMAWTE OT M3Cle/ABaHaTa MmouyBa KbM oBomHa TpeBa (Dactylis
glomerata L.). Pe3ynrarute mnokasBaT, u4e IBIOOKOTO 3aMpb3BaHE M PA3KOTO
MOBMIIABAaHE HA TEMIIepaTypara, MPOIbIDKABALIO B MPOIBIDKEHUE Ha €IUH Mecell,
noBenoxa a0 npepasnpenenenue Ha *'Am um ®Co mexny mnousenure ¢azu u
IPOBOKMpAxa MOBHIIaBaHe Ha oOMeHHus 2'Cs. 3aMpa3sBaHETO BOAM IO HaMasBaHE
Ha 241 Am B ocTarbuHaTa (pakuus U yBeIUYaBaHE HA CBBP3AaHUS C OKCUI aMEPHIINH.
ChbXpaHEHHETO IPU 3aMPa3eHU yCIOBUS BOAM JI0 HAMaJIsiIBaHE Ha OKCHJIHO OIPaHUYCH
0Co u moBuuIeHa UMOOMIM3aNKUs B OCTaThuHaTa (pakiys. KOHAUIMOHUPAHETO TIPU
BHMCOKA TEMIIEPATypa MOBUILIABA MUTPAIIMOHHATA crIocoOHOCT Ha 2Y' Am u 137Cs, nokaro
ce peructpupa umodumsupane Ha °Co. KOHIMIIMOHUPAHETO MIPHU PA3KO MOBHIABAHE
Ha TeMIleparypara Ipeay BereranusaTa J0BeAe 10 IMO-BUCOKM cToiHocTH Ha TFs Ha
BCUYKH M3CIIEBaHU pagronyKiuan. To3u edexr e Haii-Bucok 3a *’Cs. YcraHoBeHo €,
4e ps3Kara IpoMsHA Ha TeMIlepaTypaTa Ha 3aMbpCeHaTa alyBHAHO JIMBa{HA TI0YBA B
NPOABIDKEHHE Ha €IUH Mecell Ch3JaBa pPUCK OT TIOBUIIEHA MHUTpalMs M|
OunoaKyMyJaIys Ha paJHoOHYKIUIH.
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“Influence of temperature decrease and soil drought on the geochemical
fractionation of °Co and '*’Cs in fluvisol and cambisol soils” Kovacheva P,
Slaveikova M, Todorov B, Djingova R. Applied geochemistry. 2014 Nov 1;50:74-
81. DOI: https://doi.org/10.1016/j.apgeochem.2014.08.010

Consideration of the impact of substantial changes in soil temperature or
moisture regime on the geochemical forms of radionuclides is important for more
accurate assessment of the environmental risk posed by radionuclide migration and
potential biological availability, especially in the first months after their release into the
environment. This paper presents the results from a study of the influence of cooling,
freezing and soil drought on the migration and potential bioavailability of 60Co and
137Cs in two soils (a fluvisol and a cambisol, according to the World Reference Base
for Soil Resources/FAQO) from Bulgaria. The changes in the geochemical fractionation
of 60Co, the exchangeable '*’Cs and water-soluble forms of both radionuclides were
examined under different storage conditions up to 5 months after their introduction into
the soils in solution form. Freezing or soil drought resulted in a significant increase of
the water-soluble forms of °Co in the fluvisol soil, defining higher mobility and
potential bioavailability. No influence of the storing conditions on the water-solubility
of ®Co in the cambisol soil was established. The cooling, freezing and soil drought
caused an increase of the exchangeable *’Cs in both soils.

OTyKMTaHETO HA BJIMSHHMETO HA CHUICCTBEHHUTE NMPOMEHM B TEMIlEparypara Ha
M0YBATA WK PEKUMA HA BIAKHOCT BbPXY T€OXMMHYHKUTE (POPMH HA PATHUOHYKIHINTE
€ Ba)KHO 3a [10-TOYHA OLICHKA Ha PHCKA 3a OKOJIHATA CPEJIa, TOPOIEH OT MUIPAIUATA HA
PAJMOHYKIIUIM ¥ TOTEHIMAIHATA OUOJIOTMYHA HAJUYHOCT, OCOOEHO INpe3 MbPBHUTE
MECEIH ClIe]] M3IYCKAHETO UM B OKOJIHATA cpena. Tasu cTaTust IIPeICTaBs pe3yiTaTuTe
OT M3CIEIBAHE HA BIMSHHUETO HA OXJIAXKIAHETO, 3aMPB3BAHETO M 3aCYyIIABAHETO HA
HoYBaTa BbPXY MHIPAlUATAa M MOTeHIManHaTa ononannyroct Ha ®°Co u 1¥’Cs B nBe
nmouBu (fluvisol u cambisol, cmopen CBeroBHaTa pedepeHTHa 0a3a 3a MOYBCHH
pecypcu/FAO) ot bearapus. W3cnenBanum ca MPOMEHHUTE B TEOXHUMHYHOTO
¢pakumonupane Ha °Co, oOmennus '*’Cs u BomopasTBoprmuTe (HOpMU Ha IBaTa
PaJMOHYKIIM/IA IPH PA3JIMYHK YCIIOBHS Ha ChbXPAHEHHE JI0 5 MeCela Clie]] BbBEXKIAHETO
¥M B 110YBaTa B pa3TBOpP. 3aMPb3BAHETO WM 3aCYIIABAHETO HA MOYBATA JI0BEAOXA JIO
3HAYMTEJHO YBEIWYaBaHe Ha BojopastBopumute (opmu Ha °°Co B amyBuaiHo
JMBajHATA TI0YBATa, ONPENEIAMNKM TO-BUCOKA MOOWJIHOCT W  TOTEHIHUAIHA
OvoHanM4HOCT. He € yCTaHOBEHO BIIMSHME HA YCJIOBUATA HA ChXPAHEHHE BBPXY
BojiopastBopuMoctTa Ha *°Co B yepHO3eMHaTa mouBa. OXJIaKIaHETO, 3aMPB3BAHETO U
3aCyIIaBaHETO Ha MoYBara J0BEIOXa J0 TMOBUIIaBaHe Ha ooMmeHHus 'Cs u B qBeTe
IOYBH.

“Application of laser ablation inductively coupled plasma mass spectrometry for
soil analysis: a novel procedure for sample preparation” Lyubomirova V,
Todorov B, Djingova R. Comptes rendus de I’Académie bulgare des Sciences.
2016 Jan 1;69(3).

A rapid, sensitive and reliable LA-ICP-MS method for simultaneous de-
termination of micro and macro elements in soils and sediments was developed and
optimized. Certified reference materials available in powder form (IAEA- SOIL-5,
IAEA-SOIL-7, IAEA-SL-1, TAEA-SL-3 and STSD-3) were used for the optimization



and validation of the sample preparation step and LA-ICP-MS analysis. Three types of
soil pellets were prepared from each CRM: (i) original soil; (ii) soil, mixed with boric
acid in ratio 1:5; and (iii) pellets, prepared by mixing the soil successively in hexane
and dichloromethane and subjected to LA-ICP-MS measurement. The signal of the
matrix elements was reduced by introducing the rejection parameter (RPa) to enable
the high-mass cut off. Best accuracy and precision were obtained with the pellets,
prepared in organic solvents. This approach can be recommended for sample
preparation of soils and sediments for LA-ICP-MS analysis.

bemie pazpaboren u onTuMu3upan Obp3, 4yBCTBUTEICH U HanexaeH LA-ICP-
MS Meron 3a €THOBPEMEHHO OIpEAEISIHE Ha MUKPO U MaKpO €JIEMEHTU B IIOYBU U
cenumenTu. Cepruduimpanu peepeHTHH MaTepUaIn, HATMYHH 110 popMara Ha Impax
(IAEA-SOIL-5, IAEA-SOIL-7, IAEA-SL-1, IAEA-SL-3 u STSD-3) 6s1xa u3110/13BaHH
3a ONTUMU3MpPAHE U BAIMIUpPAHE HA eTana Ha MoAroroBka Ha npobara u LA -ICP-MS
ananu3. Tpu BuIa moYBeHHU meneTu Ogxa npurorseHu ot Bceku CRM: (1) opurunamna
nmouBa; (ii) mouBa, cMeceHa ¢ OOpHa KHceluHa B choTHOIIeHUe 1:5; u (iil) menerw,
IIPUTOTBEHU YPE3 CMECBAHE HA IIOYBATA MOCJIEI0BATEIHO B XEKCAH U IUXJIOPOMETaH U
nonoxxeHu Ha LA-ICP-MS u3mepBane. CUrHaIBT Ha MaTpHYHHUTE €JIEMEHTH Oerle
HaMaJIeH 4pe3 BbBEXKJAHE Ha MapameTbpa Ha oTxBbpisiHe (RPa), 3a nma ce nmane
BB3MOKHOCT 3a MPEKbCBaHE NMPHU BUCOKa Maca. Hail-moOpa TOYHOCT U MPEIM3HOCT ca
IIOJIy4€HU C IEJIETUTE, IPUTOTBEHU C OpPraHUYHU pa3TBOpUTENU. To3n moaxoa Moxe
Jla ce Mpemnopbhbua 3a MOATOTOBKA Ha MpoOM OT mouBU u ceaumeHTtu 3a LA-ICP-MS
aHaJIn3.

“The Results of XRF Analysis of the Early Hellenistic Gold Treasure from the
Royal Necropolis of Dausdava/Helis (NE Bulgaria)” Todorov B, Mihaylova V,
Gergova D, Kuleff I. Archaeologia Bulgarica 2016; XX(3)1-15.

The chemical composition of the gold objects, found in an oak chest in the
embankment of the Great Sveshtari tumulus in Sboryanovo, from the last decades of
the 4th century BC are analyzed by a handheld ED-XRF instrument-Bruker model
Tracer III-V. The aim is to determine the concentration of gold (Au), silver (Ag), and
copper (Cu). The results show that some of the objects were produced from high purity
gold. The lowest value for concentration of gold is 93.5% and the highest one-99.3%.
However, such results on this stage of investigation do not allow any provenance
studies for the determination of the sources of the gold.

XUMUYHUSAT ChCTAB Ha 3IATHUTE MPEAMETH, OTKPUTH B THOOB CaHIbK B HACHIIA
Ha Benukara Cemapcka Mmormia B COOpsSHOBO, OT MOCHEAHUTE eceTusieTus Ha [V B.
np. H. €. ce aHammsupa ¢ pbueH ED-XRF unctpyment-Bruker monen Tracer III-V.
Ilenra e na ce ompenenu KOHIEHTpamusTa Ha 31mato (Au), cpebpo (Ag) u mex (Cu).
Pesynrarure nokassat, 4e HIKOM OT IPEIMETUTE Ca MPOU3BEACHU OT 3J1aTO C BUCOKA
yuctoTta. Haii-HuckaTa CTOMHOCT 3a KOHILIEHTpauus Ha 31ato € 93,5%, a Hail-BucokaTa
- 99,3%. Bwmpeku TOBa, MOJOOHM pE3ylATaTH Ha TO3M €Tall Ha H3CIEBaHE He
II03BOJIIBAT HUKAKBU MPOYYBAHUS HA MIPOU3X0/a 3a ONpEACIHE Ha U3TOYHHULIUTE Ha
371aTOTO.



10. “Environmental effect of potential radiopharmaceuticals residuals” Todorov B,
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Nedyalkova M, Simeonov V. Ecological Chemistry and Engineering. 2020 Oct
1;27(4):603-14. DOI: 10.2478/eces-2020-0038

Driven by the current development of quantitative structure-properties
relationship (QSPR) methods in the environmental science, we proposed an approach
based on chemometric tools for selection of appropriate physicochemical parameters of
radiopharmaceuticals residuals for predicting of partitioning, hazards and
biodegradation of such compounds into the environment or into wastewater treatment
plant. The present scheme was successfully applied for prediction of missing values for
24 different physicochemical and assessment response of the environmental fate
descriptors for 11 tetrazine derivatives and 12 cyclooctene derivatives. The multivariate
statistics was also proved to be useful in the evaluation of the obtained modelling results
for identification of the ecological effect of radiopharmaceuticals residuals. The
presented approach can be one of the first steps and support tools in the assessment of
chemicals in terms of their environmental impact. The problem studies are significant
since it allows a special point of view to the underestimated radiopharmaceutical
pollutants.

Bonenu oT HacTosmoTo pa3BUTHE HAa METOJUTE 3a KOJIMYECTBEHA BpPb3Ka
cTpykrypa-cBoiictBa (QSPR) B HaykaTa 3a OKkoJIHaTa cpela, HUE MPEAIOKHXME
XEeMOMETPHYEH IMOAXOJM, 3a M300p Ha MOAXOAAIM (PU3UKOXMMUYHHM TMapaMmeTpu 3a
MPOTHO3HMPAHE pa3NpeIeICHUETO Ha OCTATHIM OT paanodapMaleBTUYHU MPOTYKTH B
OKOJIHATA Cpe/a WM B MPEYHCTBATEIHA CTAaHLHUS 3a OTHaabuHu Boau. Hacrosmiarta
cxeMa Oellle yCTenHo MPUIOKEeHa 3a MPOTHO3UPAHE Ha JIMIICBAIY CTOWHOCTH 3a 24
(U3MKOXUMUYHA W OIEHBYHU JCCKPHUIITOPH 3a OIICHKa ToBeAeHHueTo Ha 11
TETPA3MHOBH MPOU3BOJHU M 12 MPOU3BOJHM HA IIMKIOOKTEHA B OKOJHATa Cpena.
MHoroBapruanTHaTa CTaTUCTUKA C€ OKa3a MOJIE3HA U MPHU OLICHKATa Ha MOJIYYECHUTE
pe3ysiTaTd OT MOJETUPAHETO 3a HACHTU(PUIMPAHE HA EKOJOTMYHUS eQeKT Ha
OCTaTBIUTE OT paguodapMaleBTUYHN npenapatd. [IpeacTaBeHUST MOaX0 MOXE /1a
ObJIe e/JHa OT ITbPBUTE CTHITKU U IIOMOIIIHU HHCTPYMEHTH IIPH OLICHKATa HA XUMUYHUTE
OCTaThlIM OT TJE€AHAa TOYKAa Ha TIXHOTO BB3JCHCTBHE BBPXY OKOJHATa Ccpeja.
[IpoGnemMHUTE M3CTEABAHMS ca 3HAYMMH, ThH KAaTO TMO3BOJSBAT CIEIUAIHA TIIEHA
TOYKA KbM MOAIICHIBAHUTE PaInopapMaleBTUIHI 3aMbPCUTEIH.

“Fractionation analysis of potentially toxic elements in apples for evaluation of
their availability to humans” Mihaylova V, Lyubomirova V, Todorov B,
Djingova R. Bulgarian Journal of Agricultural Science. 2020;26(4):853-62.

The main objective of this work was to get information on the Cd, Co, Cr, Cu,
Mn, Ni, Pb and Zn content in different apple fractions and their digestion in the human
gastrointestinal tract. A sequential analytical approach was applied to two apples
varieties from the commercial network of Bulgaria, focusing on their total element
concentrations, extractability in water, ethanol and acetone. The oral bioaccessibility of
the elements was evaluated using the PBET and extraction with pepsin+HCI and n-
octanol. The element concentrations were measured using ICP-MS. The obtained
results showed the highest percentage of extraction for all analyzed elements in the
water fraction and similar low extractable concentrations in the ethanol and acetone
fractions for both varieties. The data from the in vitro extraction procedures showed
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high bioaccessibility in human gastrointestinal tract of Cu, Mn, Zn and Cd, while for
Ni and Pb only 20+30% of the total concentration were bioavailable.

OcHoBHarta 11e71 Ha Ta3u padoTa € /1a ce moyrydu UHpOpMaIHs 32 ChABPKAHUETO
Ha Cd, Co, Cr, Cu, Mn, Ni, Pb u Zn B pa3nu4yau siOBIKOBU (PPAKIHH U TAXKHOTO
YCBOSIBAaHE B CTOMAIIHO-YPEBHHUS TPAKT Ha 4doBeKa. lIpmiokeH e mocnemoBaTelcH
aHAJTMTUYEH MOJXO0/1 KbM JBa COPTa IOBJIKH OT ThProBcKaTa Mpexa Ha brirapus, kato
ce GoKycHpa BbpXY TEXHHUTE OOIIM KOHICHTPAIUU HAa €JIEMEHTH, EKCTPAXHUPYEeMOCT
BBB BOJIa, €TaHOJ U aneToH. OpanHaTta OMOJOCTBITHOCT Ha CIIEMEHTUTE CE€ OICHSBA C
nomotra Ha PBET u ekcrpakius ¢ nerncua+HCI] u n-okranon. Konnenrpanuure Ha
eneMeHTuTe ce udmepnar ¢ nomoura Ha ICP-MS. Ilonyuenute pe3ynratu mokaspar
Hall-BUCOK MPOLIEHT Ha EKCTPAKIU 32 BCUYKU aHAJM3UPAHU €JIEMEHTH BbB BOJHATA
(bpakuus U CXOJHU HUCKH €KCTPaxXUpyeMH KOHIICHTPALlMU B €TaHOJIHATA U alleTOHOBA
¢dpakuuu 1 3a 1BaTa copTa. JJaHHUTE OT MPOIETypUTE 32 EKCTPAKIIMA in Vitro OKa3Bat
BHCOKa OMOIOCTBIIHOCT B CTOMAIIHO-YPEBHUS TPAKT Ha yoBeka Ha Cu, Mn, Zn u Cd,
nokato 3a Ni u Pb camo 20+30% ot o6maTa KOHIIeHTpanus ca OMOHAINYHH.

“Simplified synthetic procedure for (Z) to (E)-cyclooct-4-enol
photoisomerization” Stanimirov SS, Todorov BR. Bulgarian Chemical
Communications. 2021;53(2): 228 — 233. DOI: 10.34049/bcc.53.2.5346

This article is a proof of the principle of a new synthetic procedure for sensitized
photoisomerization of cis-cyclooct- 4-enol in the corresponding trans isomer. By
irradiation of the organic solution containing ethyl benzoate as sensitizer, which is part
of a two-phase cyclohexane/water system, during irradiation a continuous extraction of
the resulting trans-cyclooct-4-enol in the form of a silver complex is carried out. A
theoretical model describing the thermodynamic equilibrium of this two-phase system
is also derived. This model was used as a tool to optimize the experimental conditions
of the photolysis. In this model, the stability constants of the silver complexes of the
cyclooct-4-enol isomers, as well as the distribution constant of this compound between
the organic and aqueous phases, participate as parameters, which parameters were
experimentally established in the present study as well.

Tasu cTatus e JO0Ka3aTencTBO 3a MPUHIIMIIA HA HOBA CHHTETHYHA MTPOIelypa 3a
ceHcnOmnu3upana (GoToM30MepH3alns Ha HUC-IIUKIOOKT-4-€HOJl B ChOTBETHHS TPAHC
nu3zomep. Upes o0pyYBaHe Ha OPraHUYHUS Pa3TBOP, ChABPIKAL] KATO CEHCUOMIU3ATOP
eTus 0eH30aT, KOWTO € 4acT OT JBy(da3Ha CUCTeMa IUKIOXEKCaH/BOJa, 110 BpeMe Ha
OOJIbYBAHETO C€ W3BBPILIBA HENPEKbCHATA EKCTPAKIMA Ha TMOJNY4YCHHsS TpaHC-
IIUKJIOOKT-4-eHOoN 1moj (opmaTa Ha cpeObpeH KoMIuiekc. V3BeneH € M TeopeTHyeH
MOJIJI, ONUCBAI TEPMOJMHAMUYHOTO paBHOBECHE Ha Ta3M JBy(]as3Ha cucrema. To3u
Mojien Oerre U3Moa3BaH KaTo MHCTPYMEHT 32 ONTHUMHU3HUPAaHE HAa eKCIIEPUMEHTAIHUTE
ycnoBus Ha (oTtonusara. B TO3M Mozen KaTro mapamMeTpH y4acTBaT KOHCTAHTHUTE Ha
CTaOMJIHOCT Ha CPEeOBbPHHUTE KOMIUIEKCH Ha M30MEPHUTE LUKIOOKT-4-€HOJ, KaKTO U
KOHCTaHTaTa Ha pas3NpeieiiecHue Ha TOBA CheIMHEHNE MEXly OpraHMyHaTa U BOJIHATA
¢a3za, KOUTO MapaMeTpy ca eKCIEPHUMEHTAIHO YCTAHOBEHH B HACTOSIIOTO U3CIIEBAaHE
Karto noope.



13. “Determination of imidacloprid, cypermethrin and chlorpyrifos ethyl in water
samples using high-performance liquid chromatography” Mihaylova VV,
Todorov BR, Lyubomirova VV, Djingova RG. Bulgarian Chemical
Communications.2021;14:55. DOI: 10.34049/bcc.53.1.5297

A high-performance liquid chromatography method is developed and validated
for determination of imidacloprid, cypermethrin and chlorpyrifos ethyl in water
samples. Separation is performed with a chromatographic column C18 (Microsorb-
MYV, 100-5, C18, 150 x 4.6 mm) using a mobile phase consisting of methanol/water
(70:30, v/v) at a flow rate of 0.5 mL min-1 and UV detection at 205 nm. The method
exhibits good linearity in the range of 1-1000 ug L-1 for the analyzed pesticides. The
percentage recovery of the method at three concentration levels (10, 100, and 1000 pg
L-1) is within 98.6 to 101.6% for the three pesticides. The limit of quantification is low
(0.51, 1.20 and 1.50 pg L-1 for imidacloprid, cypermethrin and chlorpyrifos ethyl,
respectively) which enables their determination in water samples at low concentration
levels. A stability test of imidacloprid, cypermethrin and chlorpyrifos ethyl was also
performed to predict their stability in surface water under variation of ambient
temperature.

PazpaboteH e 1 BanuaupaH BUCOKOE(EKTUBEH METO/] 32 TeYHA XpoMaTorpadpust
3a ompejAesHe Ha UMUAAKIONPUI, [UMIEPMETPUH U XJIOPHIUPHU(POC €THII BHB BOIHH
npobu. PaznensHeTro ce u3BbpiiBa ¢ xpomarorpadceka konona C18 (Microsorb-MV,
100-5, C18, 150 x 4,6 mm), KaTo ce M3MOJ3Ba MOABMXHA (pa3a, ChCTOSAIIA CE OT
metaHon/Boaa (70:30, v/v) mpu ckopoct Ha moToka 0,5 mL min -1 u UV gerekuus mpu
205 nm. MeronsT mokaszBa Ao0pa nuHeHHOCT B Auamazona ot 1-1000 pg L-1 3a
aHaM3upaHuTe necTUHIU. [IpolleHTHOTO Bh3CTaHOBSIBAHE HA METOA NIPU TPU HUBA
Ha koHueHTpamus (10, 100 u 1000 pg L-1) e B pamxute Ha 98,6 1o 101,6% 3a Tpute
nectuuua. ['panuata Ha konuuecTBeHo onpenensHe e vucka (0,51, 1,20 u 1,50 pg L-
1 ChOTBETHO 3a WMMHIAKIONPHUI, MMIIEPMETPUH U XJIOPHUPUPOC €TUJ), KOETO
MO3BOJISIBA TSXHOTO OTPECIISIHE BHB BOJHH MTPOOU IMPU HUCKHU HUBA HA KOHIICHTPAITHSL.
W3BBpINIeH € U TECT 32 CTAOMIHOCT Ha UMUJAKIIONIPHUL, ITUTIEPMETPUH U XJIOPIHUPUPOC
€THII, 32 J1a Ce MPEABUIN TAXHATA CTAOMITHOCT B MOBBPXHOCTHU BOJH TIPU M3MEHEHHE
Ha TeMIepaTypaTa Ha OKOJIHATa cpefa.

14. “Iron oxide Nanoparticles in Anticancer Drug Delivery and Imaging Diagnostics.
Magnetic Nanoparticles in Human Health and Medicine” Nedyalkova M,
Todorov B, Barazorda-Ccahuanac HL, Madurga S. Magnetic Nanoparticles in
Human Health and Medicine: Current Medical Applications and Alternative
Therapy of Cancer, ISBN: 978-1-119-75467-1 (2021)

A considerable progress has been made in the application of nanoparticles to
biomedicine, diag- nostics, or medical drug targeting. They are used in in vivo
applications such as contrast agent for magnetic resonance imaging (MRI), for tumor
therapy, or cardiovascular disease. The application based on superparamagnetic iron
oxide nanoparticles (SPIONs) has attracted an expanding atten- tion due to their high
biological tolerability and large magnetic moments, giving rise to high (usu- ally
transverse) molar relaxivities. SPIONs are often synthesized to tune with the surface
properties to improve aqueous solubility/stability, to prevent the aggregation, and to
modulate biological uptake. This chapter sets the proof-of-concept of broad spectra of



applications of SPIONs such as contrast enhancement in MR images and anticancer
drug delivery platforms. Appropriate magnetism gives high spatial resolution and
sensitivity which is influenced by shape, size, r, and r, relaxivity, size distribution, and
crystallinity of the particles. Besides this property, the pharmacokinetic one is a major
factor for in vivo application that can be con- trolled by the synthetics methods which
demand to be properly selected for the preparation of SPIONS.

IlocTurHaTt € 3Ha4YMTEIEH HANPEAbK B MPUIOKEHUETO HA HAHOYACTHULIUTE B
OuoMenuIMHATA, IUATHOCTHKATa WJIM HACOYBAHETO HAa MEIUIMHCKH JIeKapCTBa.
M3non3Bar ce B in Vivo MPUIIOKEHHUS KaTO KOHTPACTHO BEIIECTBO 32 SIPEHO-MarHUTEH
pesonanc (MRI), 3a TymopHa Tepamusi WIH CBPACYHO-CHIAOBH 3a00JSIBAHUS.
[Tpunoxenuero, 6a3upaHo Ha CyneprnapaMarHUTHA HAHOYACTHIIM OT KeJe3€H OKCHUJ
(SPIONs), mpuBniede Bce MO-TOSIMO BHUMaHKE MOPAJN TAXHATA BUCOKA OMOJIOTUYHA
MOHOCUMOCT M TOJIEMH MarHUTHH MOMEHTH, KOETO BOAM JI0 BHCOKU (OOMKHOBEHO
HanpeyHu) MosapHu penakcuBHocTH. SPION yecTo ce cuHTe3upar, 3a 1a ce HaCTPOSIT
ChC CBOICTBaTa Ha MOBBPXHOCTTA 32 MOJOOPSABAaHE HA Pa3TBOPUMOCTTA/CTAOMITHOCTTA
BBB BOJIa, 32 MPENOTBpATsIBAHE HA arperanuara ¥ 3a MOAYJIHMpaHe Ha OMOJOTHYHOTO
nornbiiane. Tasu rmaBa ompenenst A0Ka3aTeICTBOTO HAa KOHLEMIUATA 3a IIHPOK
cnekTbp oT npuioxenuss Ha SPION, kato momoOpsiBane Ha KoHTpacta B MR
n3o0pakeHust © IUIATGOPMH  3a JIOCTaBsSHE HA IPOTUBOPAKOBH JICKApCTBA.
[ToxxoasumsaT MarHeTU3bM JaBa BUCOKA MPOCTPAHCTBEHA pa3zieUTeIHa CIIOCOOHOCT
Y 4yBCTBUTEIHOCT, KOSTO c€ BiHsie OT opmara, pa3mMepa, pelakCuBHOCTTA Ha I'1 U 12,
pasIpeneIeHUeTo Ha pa3Mepa U KpUCTATHOCTTa Ha yacTuiuTe. OCBEH TOBa CBOWCTBO,
(apMaKOKMHETUYHOTO € OCHOBEH (DaKkTop 3a in vivo MPUIIOKEHHUE, KOETO MOKE Ja Cce
KOHTPOJIMPA OT CHHTETUYHUTE METOAM, KOUTO U3UCKBAT Aa OBJAT MPaBUIHO U30paHH
3a npurorBsiHeTo Ha SPION.
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