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Deterioration of water quality is a major problem world widely according to many
international non-governmental organizations (NGO). As one of the European Union (EU) countries,
Bulgaria is also obliged by EU legislation to maintain best practices in assessing surface water quality
and the efficiency of wastewater treatment processes. For these reasons studies were undertaken to
utilize ecotoxicological (Microtox®, Phytotoxkit F™, Daphtoxkit F™), instrumental (to determine pH,
electrical conductivity (EC), chemical oxygen demand, total suspended solids (TSS), total nitrogen
(N) and phosphorus (P), chlorides, sulphates, Cr, Co, Cu, Cd, Ba, V, Mn, Fe, Ni, Zn, Se, Pb), as well
as advanced chemometric methods (partial least squares—discriminant analysis (PLS-DA)) in data
evaluation to comprehensively assess wastewater treatment plants’ (WWTPs) effluents and surface
waters quality around 21 major Bulgarian cities. The PLS-DA classification model for the
physicochemical parameters gave excellent discrimination between WWTP effluents and surface
waters with 93.65% correct predictions (with significant contribution of EC, TSS, P, N, ClI, Fe, Zn,
and Se). The classification model based on ecotoxicological data identifies the plant test endpoints
as having a greater impact on the classification model efficiency than bacterial, or crustaceans’
endpoints studied.

Cnopenr MHOTO MEXIyHapoaHU HempaButencTBeHH opranuzanuu (HITIO) BnomaBanero Ha
Ka4eCcTBOTO Ha BOJIUTE € OCHOBEH IpobieM B cBeToBeH Maiial. Karo crpana ot EBponelickus cbro3
(EC), bearapust cbIo € IIbXKHA, TpHiIaraiiku 3akoHonarenctBoTo Ha EC, ma mopmabprka Haii-
NOOpUTE TPAKTHKH TPH OI[EHKAaTa Ha KaueCTBOTO Ha MOBBPXHOCTHHUTE BOJAM M €()EKTUBHOCTTA HA
NPOIIECUTE Ha MPEYNCTBAHE HA OTIAbuHUTE BoIU. [lopaan Te3u MpuIuHA € TIPOBEICHO MPOYYBaHE
3a KOMIUIEKCHA OIleHKa Ha OTMAIbUHUTE BOAW HAa WM3XOJa HAa TPEUYHCTBATCITHHUTE CTAHIUU 3a
ornaabuau Bogu (IICOB) u kauecTBOTO Ha MOBBPXHOCTHUTE BOJIU OKOJIO 21 rojemu ObIArapcku
rpaja 4pe3 M3MON3BaHETO Ha ekoTokcukonormunm (Microtox®, Phytotoxkit F™, Daphtoxkit F™),
MHCTpYMEHTaJIHM (3a ompenensHe Ha pH, enekrponpoBonumoct (EC), xumuuHo notpebieHue Ha
KucnopoJi, Hepa3TBopeHH BemectBa (HB), o6mr azot (N), o611 pocdop (P), xmopuam, cyndaru, Cr,
Co, Cu, Cd, Ba, V, Mn, Fe, Ni, Zn, Se, Pb), kakT0o 1 yChbBBPIICHCTBAaHN XEMOMETPUYHH METOIN 32
aHajau3 (METOJ] Ha YaCTUYHO Hal-MaJKUTE KBaIpaTH C JUCKpuMHHaHTeH aHanmu3 — PLS-DA).
Knacudpukaunonuust moaen, noiayden upe3 PLS-DA na 6a3ata Ha QU3HMKOXUMUYHHUTE TapaMeTpu
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MOKa3Ba OTJIMYHO pa3rpaHnyaBaHe Ha oTpabereHuTe ornaabyHu Boau or [IICOB 1 noBbpXHOCTHHUTE
BoJU ¢ 93.65% npaBWIIHU NPOTHO3M (3HAUMMH 3a Kiacudukanusara ca napamerpure EC, HB, P, N,
xynopuu, Fe, Zn u Se). KitacudukanuonausT Mo ien, 6a3upaH Ha JAHHUTE OT EKOTOKCHKOJIOTUIHHTE
TECTOBE 3a aHaju3, UACHTHU(UIMpPA TecTa, W3MOI3Ball PACTUTEIHH BUIOBE KATO MO-3HAYUM 3a
KJacuuKaluaTa, B CpaBHEHUE C TECTOBETE, U3IMOI3BAIIM OaKTepHaIHU U pa3KooOpa3HU BUJIOBE.

Yotova, G., Venelinov, T., Tsakovski, S. ,,Chemometric Assessment of Bulgarian Wastewater
Treatment Plants’ Effluents”, Molecules, 2020, 25(19), 4408.

Surface water quality strongly depends on anthropogenic activity. Among the main
anthropogenic sources of this activity are the wastewater treatment plant (WWTP) effluents. The
discharged loads of nutrients and suspended solids could provoke serious problems for receiving
water bodies and significantly alter the surface water quality. This study presents inventory analysis
and chemometric assessment of WWTP effluents based on the mandatory monitoring data. The
comparison between the Bulgarian WWTPs and previously reported data from other countries
reveals that discharged loads from investigated WWTPs are lower. This is particularly valid for total
suspended solids (TSS). The low TSS loads are the reason for the deviations of the typical calculated
WWTP effluent ratios of Bulgarian WWTPs compared to the WWTPs worldwide. The performed
multivariate analysis reveals the hidden factors that determine the content of WWTP effluents. The
source apportioning based on multivariate curve resolution analysis provides detailed information
for source contribution profiles of the investigated WWTP effluent loads and elucidate the difference
between WWTPs included in this study.

KauecTBOTO Ha MOBBPXHOCTHHUTE BOJM CHIJIHO 3aBHCH OT aHTpornoreHHara aeiiHoct. Cpen
OCHOBHHUTE aHTPOIIOT€HHU U3TOYHHIIM ca e(PIIyeHTUTE OT IPEUYNCTBATEIIHUTE CTAHLIUH 32 OTHAIbYHU
Boau (ITCOB). 3aycTBanuTe TOBapu OT OMOTE€HHU €JIEMEHTH M HEPa3TBOPEHU BEIIECTBA MOraT Ja
NpeIn3BUKAaT CEPHO3HM NPOoOJEeMHU 3a IMpHUEMAallUTe BOJAHM Tela M 3HAYUTENIHO Ja IMPOMEHST
Ka4eCcTBOTO Ha OBBPXHOCTHUTE BO/IU. ToBa MpoyuBaHe MPeJICTaBs aHAINU3 HAa CbOpaHUTE JaHHU OT
3aIbJKATENIHAS. MOHUTOPUHT Ha ornagbuHutTe Bogu oT [ICOB m xeMomeTpuyHaTta UM OILICHKA.
CpaBnenueto Mexny Obirapckute IICOB u noknanBaHuTe Npeny TOBAa JaHHU OT JIPYTU CTpaHU
NoKa3Ba, 4e 3aycTBaHuTe ToBapu oT uscieaBanute [ICOB ca nmo-uucku. ToBa e BanuaHO 0coOeHO
3a Hepa3TBopeHute BemectBa (HB). Huckure ToBapn Ha HB ca mpuumHara 3a oTKIOHEHHATA Ha
TUNIUYHUTE W3YUCIIEHW OTHOILIEHHUS B OTpPabOTEeHHTE OTNaabuHM Boau Ha Owarapckute [ICOB
ciupsimo [ICOB no cBera. M3BBbpIIEHUAT MHOIOBAPHUALIMOHEH CTATUCTUYECKH aHAIU3 pa3KpHBa
CKpUTHTE (AKTOPH, KOUTO ONpPENeNIT ChAbpKaHMETO Ha oTnaxgbuyHutre Boau oT I[ICOB.
[IpoBeneHOTO MPOMOPIHOHMPAHE Ha WIACHTHUQHUIMpPAHUTE H3TOYHHUIM, Oa3upaHO Ha MeToja 3a
uneHtuunmpane Ha kommnoHeHTH (MCR), paskpuBa moapoOHa WH(OpMamms 3a MpUHOCA Ha
M3TOYHULINTE KbM HM3CJEABAaHUTE ToBapu OoT oTnaabyHute Boau oT IICOB u m3scHaBa pasnnkara
MEXy BKItOYeHHUTe B ToBa npoyusane [ICOB.
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Yotova, G., Varbanov, M., Tcherkezova, E., Tsakovski, S. “Water quality assessment of a
river catchment by the composite water quality index and self-organizing maps”, Ecological
Indicators, 2021, 120, 106872

The river catchment management is a complex problem, which requires analysis of massive
amounts of mandatory monitoring data on analytical, spatial, and temporal level. The present study
deals with the application of a novel water quality assessment approach combining water quality
index (WQI) developed by the Canadian Council of Ministers of the Environment (CCME) and self-
organizing maps of Kohonen (SOM). The study is carried out by using long-term water quality
monitoring data (2008-2018) collected from 10 sampling stations located in the Mesta River
catchment, Bulgaria. In the first step, the assessment of annual water quality categories of each
sampling station was estimated by the calculation of CCME WQI modified according to the
Bulgarian legislation. In the next step, all annual water quality categories (n = 105) characterized by
the factors used for CCME WQI calculation (scope, frequency, amplitude) underwent SOM analysis.
The results of implementation of the WQI factors in SOM calculations reveal similar groups of
annual water quality categories with specific CCME WQI patterns among the whole river catchment.
The obtained patterns represent different water quality situations, which could be treated by different
management activities. Additionally, the visualization advantages of the SOM algorithm allowed for
detection of the water quality temporal changes and similarity between sampling stations among river
catchment. Thus, the combination between integral CCME WQI assessment and multivariate
technique SOM made it possible to achieve a precise river catchment water quality assessment, which
could be used by water management authorities.

YrpaBieHUETo Ha peuHusi BOJOCOOp € CI0XKEH MPoOsieM, KOMTO U3UCKBA aHATTU3 HAa OTPOMHO
KOJIMYECTBO JTAaHHU OT 3aJbJDKUTEIIHUS MOHUTOPHHI Ha aHAJUTHYHO, IPOCTPAHCTBEHO U BPEMEBO
HUBO. B mpencraBeHOTO NMpoyuBaHe ce mpujiara HOB MOJXO/J 3a OIIEHKAa Ha KaueCTBOTO Ha BOJUTE,
chueTaBalll MHJIeKCca 32 KaYeCTBOTO Ha BOAUTE, pa3paboTeH oT KaHaackus chbBET HA MUHUCTPUTE TIO
okonHata cpena (WQI) u camoopranmsupaniu ce kaptu Ha Koxonen (SOM). IlpoyuBaneTo ce
M3BBPIIBA C MOMOILTA HAa JaHHU OT JBJITOCPOUYEH MOHUTOPHUHI Ha KadecTBOTO Ha BojuTe (2008—
2018 r.), cebpanu ot 10 mpoOoB3emMaTeHN MyHKTa, pa3ojioKeHH BbB BojocOopa Ha peka Mecra,
bearapus. B mbpBata CThIIKa € U3BBPIIEHO ONPEEIISHE HAa KAaTEropusaTa 3a Ka4eCTBO HA BOJAUTE Ha
BCsKa npoOoB3eMaTeNnHa CTaHIMA 3a JaJieHa ToJuHa 4pe3 u3uucisBaHero Ha WQI, karo
KaTeropu3alusiTa € BUA0OM3MEHEHA ChITIACHO OBJIrapCcKOTO 3aKOHOIATENICTBO. B criefBamaTa cTbka
e npoeener SOM aHanM3 Kato ca M3MOJI3BaHU JAaHHWUTE 3a (akTopute, Ha KouTo € O6asmpan WQI
(mmama3oH, wYecToTa, aMIUIMTyaa) 3a Beska exHa oT 105 mpoOoB3emMaTeqHH CHUTYaAIHH
(mpoOoB3eMaTesieH MyHKT 3a JajJieHa TOIWHA OT aHATW3UpaHus Iepuoj). Pesyiarature oT
npuiaraneto Ha ¢akropute oT WQI B m3uucnenusta Ha SOM paskpuBar mojo0HU TPYNMUA OT
npoOoB3eMaTeTH! CUTyalluu cbe cneruduunn npoduau Ha WQI B rienus peuen Bogocoop. ITo To3u
HAuuH Morart J1a ObJ1aT ouepTaHu pa3iuyHu npoduin Ha WQIL, mpeacTaBsiny KOHKPETHH CUTYAIUH,
CBBpP3aHU C KayecTBOTO Ha BojaTa. OCBeH TOBa MoOrar ja ObAaT OTKPUTH BPEMEBU IPOMEHHU B
Ka4ecTBOTO Ha BOJaTa M CXOACTBO MEXAYy NMpoOOB3eMaTEeIHHUTE MYHKTOBE B PEYHHsS BOJOCOOD.
KomMmOunammsita Mmexay naterpainara orenka Ha WQI u MHoroBapuanuonnara rexauka SOM npaBu
BB3MOKHO [TOCTUTAHETO Ha MPELU3Ha OIIEHKa Ha KaueCTBOTO Ha BOJIUTE B PEUHUSI BOAOCOOD, KOATO
MOJKE Ja C€ U3I0JI3Ba OT OPraHUTE 3a YIPaBJICHHE Ha BOJUTE.
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Mihaylova, V., Yotova, G., Kudlak, B., Venelinov, T., Tsakovski, S. “Chemometric
Evaluation of WWTPs’ Wastewaters and Receiving Surface Waters in Bulgaria”, Water,
2022, 14(4), 521

Wastewater treatment plant (WWTP) installations are designed and operated to reduce the
quantity of pollutants emitted to surface waters receiving treated wastewaters. In this work, we used
classical instrumental studies (to determine chemicals and parameters under obligations put with
Directive 91/271/EEC), ecotoxicological tools (Sinapis alba root growth inhibition (SA-RG) and
Heterocypris incongruens mortality (MORT) and growth inhibition (GRINH)) and multivariate
statistical analysis to gain information on feature profiles of WWTPs’ effluents and the possible
burden of surface water bodies receiving treated wastewaters in eleven locations of Bulgaria. Initial
screening of results has shown that only phosphorus content exceeds the admissible level in 5 out 11
WWTP effluents, while As, Cr, Cu, Mn, and Zn show exceedance at several locations. The
multivariate statistical analysis reveals the discriminating water quality parameters and outlines the
ability of Heterocypris incongruens to evaluate the ecotoxicological potential of different groups of
waters.

[IpeunctBaTennute craHuuu 3a oTnagbuHu Bogu (IICOB) ca mpoektupanu u
eKCIUIOATHPAHW Taka, dYe Ja HaMaliAT KOJMYECTBOTO Ha 3aMBbPCUTEIINTE, HW3IYCKaHH B
NOBBPXHOCTHUTE BOJH, B KOUTO C€ 3ayCTBAT OTPabOTEHUTE OTHNAJBYHU BOAM. B IMpencTaBeHOTO
NpOyYBaHEe ca M3MOJI3BaHH KIACHYECKH HHCTPYMECHTATHU M3CIIE/IBaHu (32 OTpe/iesiTHE Ha XUMUYHU
u  GU3MKOXMMHYHM  TapameTpu, ompegeneHu  cbrimacHo  JupektuBa  91/271/EEC),
€KOTOKCHUKOJIOTHYHH TECTOBE (IMOTHCKaHE Ha pacTexa Ha kopeHure Ha Sinapis alba (SA-RG); u
cmpptHocTTa (MORT) m moruckane Ha pacrexxa (GRINH) na Heterocypris incongruens) u
MHOTOBapHUallMOHEH CTAaTHUCTUYECKH aHajin3 3a pa3KkpuBaHe Ha mpoduia Ha OTpabOTEHUTE
ornaabuau Boau oT 11 [ICOB B bhirapus v Bb3MOXHOTO HaTOBapBaHE HA MOBLPXHOCTHUTE BOJHU
Tena, B KOUTO Te 3aycTBaT. Pe3ynraTtute moka3gar, 4e camo 3a ¢pocdop ce HabI01BaBaT MPEBUIICHUS
HaJ TIPeJIeTHO JOMyCTUMUTE KOHIeHTpauuu B 5 ot 11 nmpobu ornaapunu Boau ot [ICOB, moxato
As, Cr, Cu, Mn u Zn moka3BaT MPEBUIIEHUE CaMO Ha OTACIHU MecTa. MHOTOBapUallMOHHUST
CTaTUCTHYECKH aHAIIM3 pa3KpH MapaMeTpuTe 3a KauyecTBOTO Ha BOIWTE, KOUTO ca 3HAYUMH 32
knacuuKkanuaTa Ha TpPoOUTE W odepTa crocoOHocTTa Ha Heterocypris incongruens ga oreHsBa
€KOTOKCUKOJIOTUYHUS TIOTSHIINAT Ha BOJHTE.
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Wieczerzak, M., Kudlak, B., Yotova, G., Nedyalkova, M., Tsakovski, S., Simeonov, V.,

Namiesnik, J. “Modeling of pharmaceuticals mixtures toxicity with deviation ratio and best-
fit functions models”, Science of the Total Environment, 2016, 571, 259-268.

The present study deals with assessment of ecotoxicological parameters of 9 drugs
(diclofenac (sodium salt), oxytetracycline hydrochloride, fluoxetine hydrochloride, chloramphenicol,
ketoprofen, progesterone, estrone, androstenedione and gemfibrozil), present in the environmental
compartments at specific concentration levels, and their mutual combinations by couples against
Microtox® and XenoScreen YES/YAS® bioassays. As the quantitative assessment of ecotoxicity of
drug mixtures is a complex and sophisticated topic in the present study we have used two major
approaches to gain specific information on the mutual impact of two separate drugs present in a
mixture. The first approach is well documented in many toxicological studies and follows the
procedure for assessing three types of models, namely concentration addition (CA), independent
action (IA) and simple interaction (SI) by calculation of a model deviation ratio (MDR) for each one
of the experiments carried out. The second approach used was based on the assumption that the
mutual impact in each mixture of two drugs could be described by a best-fit model function with
calculation of weight (regression coefficient or other model parameter) for each of the participants
in the mixture or by correlation analysis. It was shown that the sign and the absolute value of the
weight or the correlation coefficient could be a reliable measure for the impact of either drug A on
drug B or, vice versa, of B on A. Results of studies justify the statement, that both of the approaches
show similar assessment of the mode of mutual interaction of the drugs studied. It was found that
most of the drug mixtures exhibit independent action and quite few of the mixtures show synergic or
dependent action.

[IpencraBeHOTO W3ClIeNBaHE W3BBIIBA EKOTOKCHKOJOTMYHA OlEHKa Ha 9 JekapcTBa
(mukmodeHak (HaTpueBa COJM), OKCUTETPALMKIUH XHUAPOXJIOPHIA, (IYOKCETUH XHIPOXJIOPHU],
XJIopaM(pEeHHUKOJ, KeTonpodeH, MporecTepoH, €CTPOH, aHAPOCTEHAMOH U TeM(pudpo3mi),
MPUCHCTBAIIN B OKOJHATA Cpea MpHU CHEU(PUYHA KOHIEHTPAIIMOHHU HHBA, U TEXHUTE B3aUMHU
KOMOMHAIIMK O JBOMKH, upe3 OuorectoBeTe Microtox® u XenoScreen YES/YAS®. Trit kato
KOJIMYECTBEHATa OLIEHKa Ha EeKOTOKCHMYHOCTTAa Ha JIEKapCTBEHHWTE CMECH € CJOXKHa Tema, B
HACTOALIOTO M3CIIEABaHE ca M3I0JI3BaHM JBa MOJIX0/a, 33 J1a C€ OIIEHH B3aMMHOTO Bb3/I€HCTBHE Ha
JekapcTBata B cMmecta. [IbpBUAT moaxox € 1o0pe omucaH B MHOXECTBO TOKCHKOJOTUYHH
MPOYYBAHUS U CJIeJ[BA MPOIIeypaTa 3a OIIEHKa Ha TPU TUTIA MOJENH — KOHIIEHTPAIIMOHHO-a U TUBEH
mozen (CA), mozien Ha He3aBrcuMo jeiicTBre (IA) u Moaen Ha TupekTHO B3auMmoeiictue (SI), upes
M3UYHUCIsSIBaHe Ha KoeduIMeHTa Ha OTKiIoHeHHe Ha monenute (MDR) crnpsMo ekcrepuMeHTaHO
MIOJIyYEHUTE DPE3yATaTH. BTOpUAT MOAXOH CE€ OCHOBaBa Ha IPEANOJIOKEHHETO, Y€ B3aHMHOTO
BB3JICHCTBUE Ha JIeKapcTBaTa B CMecTa MOXKe J1a ObJe ONMHCaHO Ype3 Hail-ajeKkBaTHaTa (QyHKIUS
(MoJien) ¢ M3YMCIIsABaHE Ha TETJI0TO (PErPECHOHEH KOSPUITMEHT WK IPYT TapaMeThp Ha MOJIeNa) 3a
BCEKH OT KOMIIOHEHTHUTE B CMECTa WJIM Upe3 KopealoHeH aHanu3. 3a0ens3Ba ce, 4ye CTOMHOCTTa U

cmp. 5om 15



3HAKbT Ha TETJIOTO WJIM KOpEJAlMOHHHUS KOE(UIIMEHT MoraT J1a ObJaT OTHOCHTEIHA MspKa 3a 3a
BB3/ICHCTBUETO Ha JIEKapcTBO A BbpXY JiekapcTBo b mim oOpartHo, Ha b Bbpxy A. 3abens3Ba ce, ue
U JBaTa IOAXOJa IIOKa3BaT CXOJHA OLIEHKAa Ha HauyMHAa Ha B3aUMHO B3aUMOJACHCTBHE Ha
U3CIIEBAaHUTE JIEKAPCTBA. YCTAHOBEHO €, Y€ II0BEYETO OT JIEKAPCTBEHUTE CMECH MpOsIBSBAT
HE3aBUCHMO JEHCTBHE M CaMO HSAKOM OT CMECHTE IOKa3BaT Bb3MOXKHO AHTArOHUCTHYHO WM
CHUHEPIUYHO JICHCTBHE.

Szczepanska, N., Kudlak, B., Yotova, G., Tsakovski, S., Namie$nik, J. “Assessing Acute
Toxicity of Selected Packages Internal Layers Extracts using Microtox®”, Packaging
Technology and Science, 2017, 30(7), 347-357.

In the scientific literature related to the widely understood issue of packaging materials
designed to have contact with food (food contact materials), there is much information on raw
materials used for their production, as well as their physiochemical properties, types and parameters.
Unfortunately, not much attention is given to the issues concerning migration of toxic substances
from packaging and its actual influence on the health of the final consumer, even though health
protection and food safety are the priority tasks. The goal of this study was to estimate the impact of
particular foodstuff packaging type, food production and storage conditions on the degree of leaching
of potentially toxic compounds to foodstuffs with the use of the acute toxicity test Microtox®. From
all simulants studied, the 3% acetic acid in water proved to cause significant migration of toxic
compounds with increase of time and temperature of extraction and justified the hypothesis that food
products with low pH values (stored in cans) cause significant damage to cans internal resin filing
and is a reason of increased migration rate of package material to foodstuff.

B nayunara nuteparypa, CBbp3aHa C M3KIIOUUTEITHO BaXKHUS BBIIPOC 32 ONMAKOBHUYHUTE
MaTepuaiM, TMpeJHA3HAUYEHW 3a KOHTAKT C XpaHW, MMa MHOTO HHGOpMaIus 3a CYpOBHHHTE,
W3MOJ3BaHU 32 TAXHOTO MPOU3BOJICTBO, KAKTO W TEXHUTE (PU3MKOXUMHYHU CBOWCTBA, BHUJIOBE U
napameTpu. 3a ChXaJIEHUE HE c€ OTAENII MHOTO BHUMAHUE Ha BBIIPOCUTE, CBBP3aHU C MUTPAIIUATA
HA TOKCHYHHU BEUIECTBA OT OMAKOBKUTE U TAXHOTO PEaHO BIMSHHUE BBPXY 3[PAaBETO Ha KpailHUs
noTpeduTeN, BHIIPEKH Y€ OMa3BaHETO Ha 3/IPaBETO U 0€30MaCHOCTTA Ha XPAHUTE Ca 33/1a4iTe C BUCOK
npuopuret. Llenta Ha TOBa Mpoy4YBaHe € J1a c€ OLIEHHU BIUSHUETO HA KOHKPETHUS THUI OMAaKOBKa Ha
XpaHUTE, YCIOBHSTAa Ha MPOU3BOJCTBO M CHXPAHEHHUETO MM, BbPXY CTENEHTa Ha W3BIMYAHE Ha
MOTEHIIUATHO TOKCUYHU CHEIMHEHHUS B XPAHUTEITHUTE MPOAYKTH C MOMOIITA HAa TeCTa 3a OCTpa
TokcmgHOCT Microtox®. JIokasa ce, 4e OT BCHUKH M3CIIEABAHN CHMYJIAHTH, 3%-HUAT BOJIEH Pa3TBOP
Ha OIIETHA KUCEJIMHA TTPUYNHSIBA 3HAUYMTETHA MUTPAIMs HA TOKCUYHH CHEAMHEHUS C YBEITUYaBaHE
Ha BPEMETO U TeMIlepaTypaTa Ha eKCTPaKIUs U OllpaBaBa XUIoTe3aTa, Ye XPaHUTEITHUTE MPOTYKTH
C HUCKHU CTOMHOCTH Ha pH (CbXpaHEeHU B KOHCEPBHU KyTUH) MPUYHHIBAT 3HAUUTEITHU YBPEXKIaHUS
Ha BBTpEIIHATa OONUIIOBKA HAa KOHCEPBHHUTE KYTHMHM M € MPUYHMHA 3a MO-BUCOKaTa CKOPOCT Ha
MUTpaIs OT MaTepuaja Ha OTTAKOBKATa KbM XPAHUTEITHUS MPOIYKT.
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Wieczerzak, M., Kudlak, B., Yotova, G., Tsakovski, S., Simeonov, V., Namies$nik, J. “Impact
of inorganic ions and pH variations on toxicity and endocrine potential of selected
environmentally relevant pharmaceuticals”, Environmental Pollution, 2018, 237, 549-558.

Assessment of the impact of pharmaceutical residues on living organisms is a very complex
subject. Apart from taking into account the toxicity of individual compounds, environmental factors
should also be taken into account. In this paper, attempts were made to assess the impact of coexisting
inorganic ions and changes in pH on the toxicity of ten selected pharmaceuticals. Two bioassays
were used to measure the estrogenic and androgenic effects (XenoScreen YES/YAS e
Saccharomyces cerevisiae) and acute toxicity (Microtox® e Vibrio fischeri).

The Microtox® test gave the most definitive outputs concerning the determination of
interaction type between drugs and chemical species. Synergism was proven for almost all drugs and
chemical species, and only two cases of antagonism were found. Significant drug/pH interactions
were rare.

Regarding the XenoScreen YES/YAS bioassay, when estrogenic and androgenic agonistic
effects (YES+ and YASH+, respectively) were studied, many cases of well-expressed synergism for
all inorganic ions with limited number of drugs (diazepam, fluoxetine, estrone, chloramphenicol for
the YES+ test and diazepam, progesterone, androstenedione, and estrone for the YAS+ test) were
found. Antagonism was also proven for the YES+ test, especially for diclofenac and androstenedione
interacting with cations. On the other hand, the YES- and YAS- tests (estrogenic and androgenic,
respectively, antagonistic effects) did not indicate cases of synergetic interaction except for the
couples Br/diazepam and NH4*/ketoprofen. Antagonistic drug/ion interactions were detected only
with diclofenac and fluoxetine. It is interesting that well-expressed (antagonism or synergism)
drug/pH interactions were rare.

Both tests were found utilizable in performing studies on impact of ions/pH fluctuations on
drugs mixtures' toxicity confirming in most cases synergic impact of parameters studied on toxicity.
The approach proposed in the paper seems to be proven as a reliable tool in assessing impact of
abiotic factors on toxicity and endocrine potential of complex mixtures of pharmaceuticals’ mixtures.

OreHkara Ha Bb3/IeHCTBUETO Ha (apMalleBTUYHHUTE OTHAIbLIH BbPXY )KMBUTE OPTraHU3MHU €
MHOTO cJIo’)kHa TeMa. OCBeH OTYMTAaHETO Ha TOKCUYHOCTTA Ha OTAETHUTE CheAMHEHUS, TpA0Ba Jia ce
B3eMaT NpeABHU U (pakTOpUTe Ha OKOJIHATa cpesa. B Tasu myOnukanus ca HallpaBeHU OMMTH Jia ce
OLICHM BB3/ICHCTBUETO HAa CHbBMECTHO CBILECTBYBAIIUTE HEOPraHWYHM HOHM M IpoMeHute B pH
BbPXYy TOKCHYHOCTTa Ha JeceT u30paHu (apmaneBTHUHU NpoAykTa. M3mom3Banu ca [JBa
€KOTOKCHKOJIOTUYHHUK TECTa 32 U3MEpPBaHE Ha ECTPOT€HHUTE U aHApOTreHHuTe edektu (XenoScreen
YES/YAS® - Saccharomyces cerevisiae) n octpata Tokcuaroct (Microtox® - Vibrio fischeri).

TectsT Microtox® naBa Hali-kaTeropudHNTE Pe3y/ITaTH 110 OTHOIIEHHE Ha ONPEIEIHETO Ha
THUIIA B3aUMOJICHCTBUE MEX LY JIEKapCTBaTa U XUMUYHUTE BUI0BE. JloKa3aH € CHHEPTU3MBbT 3a IOYTH
BCUYKH JIEKAPCTBA U XMMHUYHU BHJIOBE U Ca OTKPUTH CaMo JBa ciydyas Ha aHTaroHu3bM. Psnko ce
Ha0JIr0/1aBaT 3HAUMMU B3aUMOAEHCTBUS JiekapcTBo/pH.

[Tpu u3cneaBaHeTo Ha €CTPOTEHHH U aHAPOTEHHU arOHUCTHYHU e(heKTH (ChoTBeTHO YES+ 1
YAS+) upe3 exoToxcumkonormaaus Tect XenoScreen YES/YAS®, ca oTKpHTH MHOTO Clydad Ha
no0pe u3pa3eH CUHEPTU3bM 332 BCHUKU HEOPTaHWYHH HOHU C OTpaHUueH Opoi JieKapcTBa (Anaszenam,
bayokceTHH, eCTpoH, XJiopamdpeHukon 3a Tecta Y ES+; u quazenam, nporectepoH, aHAPOCTCHIMOH

cmp. 7om 15



U ecTpoH 3a Tecta YAS+). Jlokazan e u aHTaroHu3sM 3a Tecta YES+, ocobeHo 3a mukinodenak u
aHAPOCTEHIMOH, IIPU B3aUMOJEHCTBUETO ¢ KaTMoHU. OT npyra crpaHa, TectoBere YES— u YAS—
(ChOTBETHO €CTPOTCHHM M AaHAPOTEHHW AHTATOHUCTHYHHM €(EeKTH) He IOKa3BaT clydau Ha
CHHEPIMYHO B3aMMOJEHCTBUE C M3KIIOYeHHe Ha aBoMkuTe Br/muaszenam u NHi'/kerompodew.
AHTaroHUCTUYHU B3aUMOJACHUCTBUS JIEKAPCTBO/MOH ca OTKPUTH caMO IpH JUKIOPEHAK U
¢uyokcerus. IHTepecHo e 1a ce oTOenexu, 4ye 1o0pe nu3pa3eHuTe (AHTarOHU3bM WIIM CHHEPTU3bM)
B3anMoJieiicTBus ekapcTBo/pH ca penku.

VYCcTaHOBEHO €, ue U JABaTa EKOTOKCUKOJIOIMUYHU TECTa Ca MPUJIOKUMU IIPU U3BBPIIBAHE HA
Npoy4YBaHMUSA 3a BB3JACHCTBUETO Ha (Quykryanuure Ha HOHM/pH BBpPXy TOKCHYHOCTTa Ha
JIEKapCTBEHUTE CMECH, NOTBBP)KIAaBallKM B IIOBEUETO CIIy4al CUHEPTUYHOTO BB3JEHCTBUE Ha
U3CIIEBAHUTE TapaMeTpU BBPXY TOKCHMYHOCTTA. [lOAXOIBT, MpEAsoxKEeH B Ta3u IMyOIHMKamus,
U3IIIeK]IA KaTO HAJEKIHO CPEACTBO NPU OICHKAaTa Ha BB3JCHCTBUETO HAa aOMOTHYHHTE (DAaKTOpU
BBbPXY TOKCUYHOCTTA M €HJIOKPUHHHUS OTEHIIMA Ha CJIOKHU CMECH OT (papMaleBTUYHU IPOYKTH.

Szczepanska, N., Kudlak, B., Tsakovski, S., Yotova, G., Nedyalkova, M., Simeonov, V.,
Dolega, A., NamieSnik, J. “Modeling and MANOV A studies on toxicity and endocrine
potential of packaging materials exposed to different extraction schemes”, Environmental
Research, 2018, 165, 294-305.

The stability of the linings of packaging that is in contact with the goods stored has been of
major concern during decades of the development of packaging materials. In this work, an attempt
was undertaken to assess the applicability of using two bioassays (Microtox® and XenoScreen
YES/YAS) in estimating the stability of packaging (cans, caps, multilayer material) and the impact
of their degradation on the toxicity of some simulated media. The assessment of the impact of
packaging storage conditions (temperature, disinfection, preservation, extracting and washing
solvents) was planned and performed with i) regression modeling of the experimental effects on the
ecotoxicity readings, ii)) ANOVA and MANOVA estimation of the experimental conditions as
significant factors affecting the toxicity results and iii) FTIR analysis of the packages. It is shown
that the effects of temperature and extraction solvents could be quantitatively assessed by the
agreement between all methods applied. It can be stated that temperature and acidity as well as the
alcohol content in the sensitive media have the greatest impact on the toxicity of the extract and thus
on the stability of the internal lining and the extractability of xenobiotics.

CrabuiHoCcTTa Ha BbBTpEIIHAaTa OOJMIIOBKA Ha OIMAKOBKUTE, KOUTO Ca B KOHTaKT ChC
ChXpaHsIBaHUTE CTOKHU, € OT OCOOCHO 3HAaYeHHE Mpe3 JECETUIIETUITAa Ha Pa3BUTHE HA ONTAKOBBUYHUTE
MaTepuand. B ToBa mpoyuBaHe € HampaBeH ONWUT Ja C€ OLEHM MPWIOKHMOCTTa Ha JBa
exotokcukonorann Tecta (Microtox® u XenoScreen YES/YAS®) mnpu ompemenssero Ha
CTa0MIIHOCTTA HA OMAaKOBKHTE (KOHCEPBHU KYTHHM, Yallld, MHOTOCJIOEH KOMIIO3UTEH MaTepuan) u
BB3JICHCTBUETO HA TAXHOTO pa3rpakJaHe BbPXY TOKCUYHOCTTA Ha ONpee/ieHa CUMYJIMpaHa cpea.
Onenkara Ha BB3JICHCTBUETO Ha YCJIOBUATAa 3a CHbXPAHEHHE Ha OIAKOBKaTa (TeMIEparypa,
ne3nHpeKus, KOHCEPBUPAHE, PA3TBOPUTEIHN 3a €KCTpaXUpaHe W W3MHUBaHE) Oelle IUIaHWpaHa U
U3MIBJIHEHa 4Ype3 1) pEerpecMoOHHO MoOJelMpaHe Ha EKCIEePUMEHTATHUTE e(pEeKTH BBbPXY
€KOTOKCHKOJIOTUYHHUTE TIOKa3aTelH, 11) oteHka upe3 ANOV A Ha ekcriepuMEHTATHUTE YCIOBUS KaTo
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3HaYMMHU (PaKTOPH, BIUSCIIN BbPXY PE3yIATaTUTE OT TOKCUYHOCTTA M 1i1) aHAJIM3 Ha OMAKOBKUTE C
uH(ppadepBeHa CIIEKTPOCKONHs ¢ npeodpazyBane Ha Dypue. YCTaHOBEHO €, 4e e(heKTUTe, KOUTO
OKa3BaT TeMIlepaTypara ¥ pa3TBOPUTEIHUTE 33 EKCTPAKIUs, MOTaT /1a Ob/1aT KOJTUYECTBEHO OLCHEHU
9Ype3 CHBMECTHOTO H3IIOJI3BAHE HAa BCHYKHM TPHIOKEHH MeTonu. Moke aa ce orOenexu, de
TeMIlepaTypaTa ¥ KHUCEIMHHOCTTA, KaKTO M ChABPKAHUETO HA aJKOXOJI B Cpelara, oKa3BaT Haii-
TOJISIMO BIIMSTHHE BBPXY TOKCHYHOCTTA Ha €KCTPaKTa M IO TO3M HAYMH BBPXY CTAOMIIHOCTTA Ha
BBTpENIHATa O0INIIOBKA M EKCTPAXUPYEMOCTTa Ha KCCHOONOTHUIIHTE.

Yotova, G., Zlateva, B., Ganeva, S., Simeonov, V., Kudlak, B., Namie$nik, J., Tsakovski, S.
Phytoavailability of potentially toxic elements from industrially contaminated soils to wild
grass”, Ecotoxicology and Environmental Safety, 2018, 164, 317-324.

Topsoil and grass samples from 14 sites located in different distances from three copper
mining factories and a copper smelter were collected in Srednogorie, Bulgaria. The paper discusses
results of studies on the mobility of potentially toxic elements (As, Cd, Cr, Cu, Mn, Ni, Pb, Zn) from
contaminated soils to wild grass Cynodon dactylon in terms of transfer (TF: soil to plant) and
phytoavailability (PF: EDTA (ethylenediaminetetraacetic acid)-soluble to plant) factors. Soils
located close to mine and smelter factories were heavily contaminated by As and Cu reaching levels
up to 500 mg/kg and 2400 mg/kg, respectively for As and Cu. At seven sites arsenic and copper in
grass were over the normal levels (1 mg/kg As; 20 mg/kg Cu). The content of Cu in grass averaged
63 mg/kg exceeding the maximum allowable for sheep. Relationship between PF and TF values was
found for As, Cd, Cu, Ni, Pb, Zn but not for Mn and Cr. To some extent the soil pH, TOM (total
organic matter) and CaCOs content are related to the phytoavailability of As, Cd and Cu since for Zn
and Pb this relation is attributed to Al and Fe-content of soil. Statistically significant correlation
coefficients were determined between the EDTA-soluble fraction of soil and content in grass in the
case of As, Cd, Cr, Cu, Mn and Pb indicating the suitability of the short procedure for
phytoavailability studies of those elements. The application of hierarchical cluster analysis and self-
organizing maps of Kohonen made it possible to reveal specific hidden relationships between the soil
variables and transfer factors as well as between the sampling locations. This additional information
helps in more detailed interpretation of phytoavailability and transfer processes in the region of
interest.

The novelty in this study is achieved by careful consideration of the possibility of using
EDTA extracts of the toxic metals in investigating of the phytoavailability and transfer processes
soil/plant. Additionally, chemometric expertise used makes it possible to differentiate the behavior
of each toxic metal in the processes studied. The combination of easy option for rapid extraction and
intelligent data analysis gives a new perspective for contributions in explanation of the complex
interactions between soils and plants when assessing pollution events in a certain environment.

Cwbpanu ca npoOu OT MOBBPXHOCTHHS MOYBEH CIOW M TpeBaTa oT 14 mpoboB3eMaTerHH
MecTa, pa3noJI0KEeH! Ha Pa3IMYHU Pa3CTOSHUS OT TP MUHHM 32 TOOUB Ha MeJ] U MEJI0JJI00MBEH 3aBOJT
B Cpennoropuero, bwvarapus. IlyOnukanusta pasriexnaa pe3yiaTaTHUTe OT NPOYYBAHUS BBPXY
MOOWMIIHOCTTA Ha MOTEHIIMaTHO TokcuuHu eneMeHTH (As, Cd, Cr, Cu, Mn, Ni, Pb, Zn) ot 3ambpcenn
nouyBu KpM quBa Tpea Cynodon dactylon mo ortHorienue Ha (akropu Ha mpeHoc (MOYBa KbM

pactenue) u ouogoctrnHocT (EDTA (eTunenamaMuHTETpaOlETHA KUCEIMHA)-TIOYBEH U3BJIEK KBM
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10.

pactenue). [louBuTe, pa3moiokeHU B OJIM30CT A0 MHUHUTE U MEIOAOOMBHUS 3aBOJ, Ca CHUITHO
3ambpceru ¢ As u Cu, qocruraiiku HuBa 10 500 mg/kg n 2400 mg/kg, crorBeTHO. Ha cenem mecra
apceHbT U MeATa B TpeBarta ca Haj HopmanHute HuBa (1 mg/kg As; 20 mg/kg Cu). CpabppkanueTo
Ha Cu B TpeBaTa € cpeano 63 mg/kg, npeBuiraBailku MaKCUMAaJIHO JOITYCTUMOTO 3a oBlle. OTKpuTa
€ Bpb3Ka MKy CTOMHOCTUTE Ha jBara (akTopa 3a As, Cd, Cu, Ni, Pb, Zn, o He 1 3a Mn u Cr. [o
u3BectHa crerneH pH Ha mouBara, TOM (00mo chAbpKaHME HA OpPraHUYHU BEIIECTBA) U
ceabpxkanrero Ha CaCOs ca cBbp3anu ¢ onogocrriHocTTa Ha As, Cd u Cu, nokarto 3a Zn u Pb Ta3u
Bpb3Ka ce ompenens OT chabpkanueto Ha Fe m Al B mouBara. CTaTHCTHYECKHM 3HAYMMHU
KOe(HIIMEHTH Ha KOpENaIys ca onpeesneHu Mexay pasrsopumara B EDTA ¢pakuus Ha mouBata u
ChIBPKaHUETO B TpeBara 3a enementure As, Cd, Cr, Cu, Mn u Pb, koeTo noka3Ba Bb3MOKHOCTTA 32
U3IMOJI3BaHE HAa KpaTKara IMpoleaypa 3a M3CIeIBaHUs Ha OWOJOCTBITHOCTTa HA TE3U EJIEMCHTH.
[Ipunaranero Ha HepapXuWyeH KIbCTEPEH aHAIU3 U caMOOpraHusupaniute ce kaptu Ha KoxoHnen
pa3kpuBa crielM(PpUUHU CKPUTH BPB3KU MEXIY MapaMeTpUTe Ha MouBara U (pakToOpuTe Ha MPEHOC,
KaKTO M MeXJIy MpoOoB3eMaTelIHUTE MecTa. Ta3u JOMbJIHHUTEIHA WHGOpMalus moMara 3a Imo-
MoJIPpOOHO THJIKYBaHE HA OMOAOCTHITHOCTTA U MPOLIECUTE HA MIPEHOC B U3CJIEIBAHUS PETHUOH.

ToBa u3cnenBaHe mpenjara HOB HA4YMH 3a OLIEHKAa Ha OMOJOCTBHIIHOCTTA M MPOLECUTE Ha
MIPEHOC B CJIOKHATA CHUCTEMa IOYBA/PACTEHHE KAaTO Pasriek]a BH3MOXKHOCTTA Jla CE HM3IOJI3BAT
MOYBEHHU EKCTpakTH Ha TokcuuHuTe metanu ¢ EDTA. M3non3Banara XxeMOMETpUYHA €KCIIEPTU3A
JlaBa BB3MOXHOCT Ja C€ pasrpaHu4M MOBEACHUETO HAa BCEKHM TOKCHUEH METaJl B W3CIIC/IBAHHUTE
npouecu. KoMOnHanusTa oT jJecHa Bb3MOKHOCT 3a Obp3a KCTPAKIUA U MHTSIUTCHTEH aHaJIU3 Ha
JAaHHM TpejJiara HOBa MEPCIeKTHBA B 00SCHEHUETO Ha CII0KHUTE B3aMMOJICHCTBHS MEXKy [10YBaTa
U pacTEHUsTA MPU OLIEHKA HA 3aMBbPCABAHETO B OKOJHATA Cpeja.

Yotova, G., Padareva, M., Hristova, M., Astel, A., Georgieva, M., Dinev, N., Tsakovski, S.
“Establishment of geochemical background and threshold values for 8 potential toxic
elements in the Bulgarian soil quality monitoring network”, Science of the Total Environment,
2018, 643, 1297-1303.

Establishment of geochemical background and threshold values of potentially toxic elements
is essential for soil management activities. Available topsoil data collected in the Bulgarian soil
quality monitoring network are explored for the concentrations of the potentially toxic elements
(PTEs) of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn. The ‘median + 2MAD’ and TIF methods for obtaining
geochemical threshold values, which differentiate sampling sites with background from those with
unusually high element concentrations, are presented. Comparison of the derived national
geochemical threshold values with those obtained in European studies outlines the specificity of the
Bulgarian PTE background concentrations among the other southern European countries. The
threshold values for Cd, Cu, Ni, Pb and Zn are more similar to those derived from the northern
European countries since the As and Cr ones are more close to the values derived for southern Europe.
The geochemical threshold of Hg is almost one order of magnitude as high as the southern European
derived value. The usage of geochemical threshold values for soil risk assessment is suggested by
comparison with soil quality guideline values adopted in other countries. The combination of
threshold values based on 90th percentile with geochemical mapping identifies the priority areas for
further assessment. Regions with more than 2 PTEs (2.26% of the Bulgarian territory) are suggested

for detailed (eco)toxicological assessment.
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11.

YcTaHOBSIBAHETO HA TEOXMMHUYHUS ()OH ¥ MPAroBU CTOWHOCTH HA MOTECHIMATHO TOKCUYHU
enemenTu (IITE) e oT chiiecTBeHO 3HaUYEHHE 32 YIPaBJICHUETO Ha MmouBuTe. OT HAIMYHUTE TaHHU
OT Obirapckara HalMOHAJIHA MpeXa 3a IMOYBEH MOHUTOPUHI € CbhbCTaBeHa 0aza JaHHMU 3a
KOHIICHTpAIlMUTe Ha MOTeHHHaTHO TokcuuHute enemeHtH As, Cd, Cr, Cu, Hg, Ni, Pb u Zn B
MOBBPXHOCTHUS TTOUBEH ciioii. [IpeacraBenu ca meroaute ,,Mmeauana + 2MAD* u ,, TIF (Tukey inner
fence)*, 6a3upan Ha OOKC-TUIOT qUarpamara, 3a U3UUCIISIBaHEe Ha TCOXUMYHUHUTE ITPAroBU CTOMHOCTH,
KOUTO Ja ONpENeNAT HpoOOB3EMATEIHUTE MeCTa C HEOOMYalHO BHMCOKM KOHLEHTpAalUuu Ha
uscnenBanure [ITE. CpaBHeHMETO Ha H3UMCIEHUTE HALMOHAJIHU IIPAroBU CTOMHOCTU C TE3H,
MOJTy4eHU B JIPYTH €BPONCHCKU MPOyYBaHUs, OuepTaBa OCOOCHOCTHTE Ha OBJITapcKuTe (HPOHOBU
xkoHuentpauuu Ha IITE cpex npyrute roxxHoeBporneiicku crpanu. [Iparosute croiitnoctu 3a Cd, Cu,
Ni, Pb u Zn ca mo-0:113KH 10 Te3H, MOJIYyYEHH OT CEBEPHOCBPOINEHCKUTE CTPAHU, IOKATO T€3HU 3a As
u Cr ca mo-01u3ku 0 cToWHOCTHTE, Tony4yeHH 3a FOxHa EBpomna. ['eoxumuunust npar Ha Hg e no-
BHUCOK C IIOYTU €IUH MOPSAABK OT CTOMHOCTTA, nojiyueHa B FOxxna EBpona. M3uncinenure nparosu
ctoiinoctH 3a [ITE morar ma ce mu3mon3Bar 3a olleHKa Ha pUcKa 3a nmouBure. KoMOuHUpanero Ha
yctaHoBeHutTe nparoBu ctoiHoctd Ha IITE, ocHoBaBamu ce Ha 90™ mepceHTUN ¢ TEOXUMHYHO
Kaprorpadupane, WICHTU(UIIUPA MECTOIOJIOKEHUATA HA TPHOPUTETHUTE 30HH 3a MO-HATATBIITHA
orieHKa. Pernonure, B KOUTO ce HAOJI01aBaT MPEBUILICHUS HA TEOXUMUYHHUTE ITParoBU CTOMHOCTH 3a
3 wm noseue [ITE (2.26% ot teputopusita Ha brirapusi) ca mpeuIoKeHH 3a crieluduIHa OleHKa
Ha PHUCKa 3a OKOJIHATa Cpe/ia Bb3 OCHOBA Ha €KOTOKCUKOJIOTMYHH AHAJIN3H.

Kudlak, B., Jatkowska, N., Kubica, P., Yotova, G., Tsakovski, S. “Influence of storage time
and temperature on the toxicity, endocrine potential, and migration of epoxy resin precursors
in extracts of food packaging materials”, Molecules, 2019, 24(23), 4396.

The aim of the present study was to establish a standard methodology for the extraction of
epoxy resin precursors from several types of food packages (cans, multi-layered composite material,
and cups) with selected simulation media (distilled water, 5% ethanol, 3% dimethyl sulfoxide, 5%
acetic acid, artificial saliva) at different extraction times and temperatures (factors). Biological
analyses were conducted to determine the acute toxicity levels of the extracts (with Vibrio fischeri
bacteria) and their endocrine potential (with Saccharomyces cerevisiae yeasts). In parallel, liquid
chromatography-tandem mass spectrometry was performed to determine levels of bisphenol A
diglycidyl ether (BADGE), bisphenol F diglycidyl ether (mixture of isomers, BFDGE), ring novolac
glycidyl ether (3-ring NOGE), and their derivatives. The variation induced by the different
experimental factors was statistically evaluated with analysis of variance simultaneous component
analysis (ASCA). Our findings demonstrate the value of using a holistic approach to best partition
the effects contributing to the end points of these assessments, and offer further guidance for adopting
such a methodology, thus being a broadly useful reference for understanding the phenomena related
to the impacts of food packaging materials on quality for long- and short-term storage, while offering
a general method for analysis.
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[lenTa Ha TpeACTaBEHOTO M3CJEABaHE € Ja C€ YCTAHOBH CTaHAApTHA METOJOJIOTHS 3a
M3BJIMYAHE Ha MPEKypCOpHM Ha EMOKCHJIHA CMOJa OT HSAKOJIKO BHJA XPAHUTEIHHU OIAKOBKU
(KOHCEpBH, MHOTOCJIOCH KOMIIO3UTEH MaTepuall W 4damm) ¢ wu3bpaHa cUMyIHpaHa cpeaa
(mectunmupana Bojma, 5% eranon, 3 % mgumermicyindokcun, 5% oleTHa KUCeIMHA, W3KYCTBEHA
CIIIOHKA) MpHU pa3IMYHU BpeMe 3a eKCTpakius u Ttemieparypa (dakropu). IlpoBenenu ca
€KOTOKCHKOJIOTUYHH aHaJIU3H, 32 J]a C€ ONPEENIAT HUBAaTa Ha OCTPa TOKCUYHOCT HA €KCTPAKTHUTE (C
6axrepun Vibrio fischeri) u Texuus engokpuren norenunuan (¢ Apoxau Saccharomyces cerevisiae).
YcnopeaHo ¢ ToBa € U3BBPINEH aHAIN3 Ype3 TeUHa XpoMaTorpadusi-TaHIeMHa MaCCIIEKTPOMETPHSI
3a ompenensHe Ha HuBaTa Ha Ouchenon A murmnumuioB erep (BADGE), oucdenon F
qurnuanioB etep (cmec ot uzomepu, BFDGE), TpuMep Ha HOBOJIaK TJIMLIUIWIIOB €Tep (TpuMep
NOGE) u TexHuTe npou3BOIHH. Bapuaruure, MpeaIu3BUKaHU OT PA3JIMYHUTE EKCIECPUMEHTATHU
YCIIOBHS, Ca OILICHEHH CTaTUCTUYECKM 4Ype3 BapUallMOHEH aHallM3 C pasjiaraHe M0 TJIABHU
koMmrioHeHTH (ASCA). ITlomydyeHuTe pe3yaraTd MoraT Ja CIy)XaT KaTo IIoJie3Ha CIpaBKa 3a
pa3bupaHe Ha SBICHUATA, CBbP3aHU C BBH3JIEHCTBUETO HA MATEPUAIIUTE 32 XPAHUTETHH OMAaKOBKH
BBPXY Ka4€CTBOTO 3a IBJITOCPOYHO U KPATKOCPOUHO ChXpaHEHUE, KaTO IEMOHCTPUPAT U CTOMHOCTTA
Ha M3M0JI3BAHETO Ha XOJUCTHYEH MOJXOJ U MpejaraT JONBIHUTEIHA HACOKH 3a MpUEMaHe Ha
TaKaBa METOJI0JIOTHUSI.

Yotova, G., Lazarova, S., Mihaylova, V., Venelinov, T. “Water Quality Assessment of Surface
Waters and Wastewaters by Traditional and Ecotoxicological Indicators in Ogosta River,
Bulgaria”, International Journal Bioautomation, 2021, 25(1), 25-40.

Surface water samples in Ogosta River, Bulgaria and wastewater samples at the inlet and
outlet of WWTP—-Montana were tested for the traditional parameters and ecotoxicological effect. The
river and Dam surface waters comply with category Al of Directive 75/440/EEC for pH, EC, COD,
TSS, NOs-, ClI-, SO4%", B, Ba, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, V and Zn; with category A2 for BODs,
NH4*-N and Fe; and with category A3 for TNb and As. The average annual concentrations of Al, Cr
(1), Cr (V1) and U are lower than the set limits in the Water Framework Directive. All the levels of
the studied parameters in the outlet wastewater samples are lower than the limits, set in Directive
91/271/EEC and in the complex permit of the WWTP. The results of the biotest Phytotoxkit FT™
show low ecotoxicity of the water samples. Optimization of the sample pretreatment prior to this
ecotoxicological test is analyzed and discussed.

[Tpo6u oT nmoBBpXHOCTHU BojU B peka Orocta, bearapus u npodu oT oTna b4HU BOAM Ha
Bxoja 1 u3xoja Ha [ICOB—MonTaHa ca u3cneBaHu 3a TPAIUIIMOHHUTE MTapaMeTPH 3a KA4eCTBO Ha
BOJIUTE U €KOTOKCHUKOJOTHYHUS ePeKT. [IoBbpXHOCTHUTE BOIM HA peKara U sI30BUPA OTrOBapsT Ha
kareropusi Al ot JlupektuBa 75/440/EEC 3a pH, enexrponpoBoaumoct, XIIK, HB, NOs, CI,
S04%", B, Ba, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, V u Zn; na kareropus A2 3a BIIKs, NHs*~N u Fe; u
Ha kareropus A3 3a TNb u As. Cpeanure rogumnan koHnentparmu Ha Al, Cr (IIT), Cr (VI) u U ca
MIO-HUCKH OT MAaKCHUMAJIHO JIOIIyCTUMUTE KOHIIEHTpalUH, ONpEeIeHn B PamMKkoBaTa TupeKkTHBa 3a
BouTe. Beuuku m3cnenBaHuTe napaMeTpu B mpoOuTe OT OTHaab4yHu Boau Ha u3xoxaa Ha [ICOB ca
noj rpanunure, omnpenenenu B Jupexkrusa 91/271/EEC um B KOMIUIEKCHOTO pa3pelIMTENHO Ha
IICOB. Pesynratute ot ekoToKcukoaoruunus tect Phytotoxkit F' mokasBaT HMCKa €KOTOKCHYHOCT
Ha BOJHMUTE MpoOM. AHal3MpaHa € ONTHMHU3ALlMg Ha IMpoleaypaTa 3a MpoOOMOArOTOBKAa 3a

N3II0JI3BaHUSI €EKOTOKCUKOJIOTUYEH TECT.
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13. Venelinov, T., Yotova, G., Mihaylova, V., Lazarova, S., Tsakovski, S. “Impact Assessment of
the Wastewater Treatment Plants’ Discharges on Maritsa River”, International Journal
Bioautomotion, 2021, 25(2), 169-182.

Data analysis of wastewater samples at the outlets of wastewater treatment plants (WWTPs)
of Pazardzhik, Plovdiv and Svilengrad, which discharge into the Maritsa River is presented. Total
monthly loads for 2017 at the outlets are calculated using the monthly averages for the concentrations
of chemical oxygen demand, biochemical oxygen demand, total phosphorus and total nitrogen (TN)
and the monthly averages for the flow rates. The contributions of the WWTPs to the total river loads
emphasize that the impact of WWTPs of Pazardzhik and Plovdiv is significantly greater than WWTP
of Svilengrad. Additionally, river water samples were collected before and after the discharge points
of the WWTPs in August 2018 and analyzed for water quality parameters listed in Directive
75/440/EEC. Comparison between the river concentrations before the outlet of WWPT — Pazardzhik
and after the last sampling point (the outlet of WWTP — Svilengrad) indicates an increase for all the
studied parameters, except for Al and Cu. Based on the results obtained for TN, the category of the
surface water is significantly deteriorated after discharge of the WWTP — Plovdiv. Wastewater effect
on the river surface water is also estimated by using a battery of ecotoxicological tests. The results
are presented and compared by the classical approach using categorization based on water quality
indicators.

[lpencraBen e aHanu3 Ha JaHHM OT MpPOOM OT OTHNAAbYHM BOAM Ha U3XOAUTE Ha
pedyrcTBaTeHUTE cTaHIMU 3a otnaabuyHu Boau (IICOB) na [Tazapmxuk, [Inosnus u CBunenrpars,
KOUTO ce 3aycTBar B p. Mapuna. O0uure Mmeceunn toBapu 3a 2017 r. B orpaborenute ot [ICOB
OTHAABYHM BOAM Ca M3YHMCICHM, KaTro Ca H3MOJI3BAHM CPEJIHOMECEYHHUTE CTOMHOCTH 3a
KOHIEHTPALlMUTE HAa XMMHYHA MOTPEOHOCT OT KUCIOPOJ, OMOJOrMYHAa MOTPEOHOCT OT KUCIOPOJ,
0611 pocdop u 0011 a30T U CpeTHUTE MECEYHU CTOMHOCTH 3a PEYHMs OTTOK. [[ompuHacsHEeTO Ha
[ICOB xbM 001111TE HATOBapBaHUs B pekara noaueprana, ye Bb3aeiicteuero Ha [ICOB-I1azapmxuk
u [ICOB-ITnoBauB € 3naunTenHO 1mo-rojsmMo ot ToBa Ha [ICOB-Ceunenrpazn. B nonsinenue, npes
M. aBryct 2018 r. e u3BbpIIeHO NPoOOB3EMaHe OT peKaTa Mpeau U Clie]] TOUKUTE 3a 3ayCTBaHE Ha
I[ICOB u e npoBefeH aHanu3 Ha MapaMETPUTE 3a KauecTBO HAa BOAWTE, BKIIOUEHU B JlMpekTnBa
75/440/EEC. CpaBHEHHETO MEXAy KOHIEHTpalusTa B pekara mpeau 3aycrtBaHero Ha [ICOB-
[Mazapmkuk u cien 3aycrBaneto Ha [ICOB—Ceuiienrpan (mocnenHara mpoOOB3eMaTeIHa TOYKA)
NOKa3Ba IMOBUIIIEHUE 3a BCUYKHU M3CIIeBaHN apamMeTpH, ¢ uskiatodenue Ha Al u Cu. B3 ocHoBa Ha
MOJIyYEHUTE pEe3yiATaTh 3a o0l a30T, KaTeropusara Ha IMOBBPXHOCTHUTE BOJAM 3HAUUTEIHO C€
Biomasa ciuen 3ayctBaHe Ha IICOB-IInoBauB. Bp3aeiicTBHEeTO Ha OTHAABUYHHUTE BOAHU BBPXY
KayecTBOTO HA BOJMTE B peKaTa € OLEHEHO U Ype3 M3I0JI3BaHe Ha HAOOp OT €KOTOKCHUKOJIOTHYHU
TecToBe. M3mon3Ban € Kiacuueckd MOJXO[ 3a IMpEeICTaBsHE M CpaBHSIBAHE HA PE3YyJITaTUTE 4pe3
M3II0JI3BAHE HAa KaTeropu3alysaTa, OCHOBABAIllA C€ Ha MOKA3aTEINTE 3a KAYECTBO HA BOJUTE.
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14. Venelinov, T., Mihaylova, V., Peycheva, R., Todorov, M., Yotova, G., Todorov, B.,
Lyubomirova, V., Tsakovski, S. “Sediment Assessment of the Pchelina Reservoir, Bulgaria”,
Molecules, 2021, 26(24), 7517.

The temporal dynamics of anthropogenic impacts on the Pchelina Reservoir is assessed based
on chemical element analysis of three sediment cores at a depth of about 100-130 cm below the
surface water. The *¥’Cs activity is measured to identify the layers corresponding to the 1986
Chernobyl accident. The obtained dating of sediment cores gives an average sedimentation rate of
0.44 cm/year in the Pchelina Reservoir. The elements’ depth profiles (Ti, Mn, Fe, Zn, Cr, Ni, Cu,
Mo, Sn, Sb, Pb, Co, Cd, Ce, TI, Bi, Gd, La, Th and Unat) outline the Struma River as the main
anthropogenic source for Pchelina Reservoir sediments. The principal component analysis reveals
two groups of chemical elements connected with the anthropogenic impacts. The first group of
chemical elements (Mn, Fe, Cr, Ni, Cu, Mo, Sn, Sb and Co) has increasing time trends in the Struma
sediment core and no trend or decreasing ones at the Pchelina sampling core. The behavior of these
elements is determined by the change of the profile of the industry in the Pernik town during the
1990s. The second group of elements (Zn, Pb, Cd, Bi and Unat) has increasing time trends in Struma
and Pchelina sediment cores. The increased concentrations of these elements during the whole
investigated period have led to moderate enrichments for Pb and Unat, and significant enrichments
for Zn and Cd at the Pchelina sampling site. The moderately contaminated, according to the
geoaccumulation indexes, Pchelina Reservoir surface sediment samples have low ecotoxicity.

BpemeBaTa nuHaMuka Ha aHTPOTIOTEHHUTE Bb3/ACHCTBUS BbpXY s30BUp [luenuHa e oneHeHa
Bb3 OCHOBA Ha XUMHUYEH €JIEMEHTEH aHAIN3 Ha TPU CEAUMEHTHH SAKHU Ha Ibi0ounHa okono 100-130
cm MoJ MOBBPXHOCTTA Ha BojaTa. M3mepeHa e akTmBHOCTTa Ha °'Cs, 3a 1a ce MaeHTH(HUIMpAT
cloeBeTe, ChOTBETCTBAIlM Ha aBapusara B YepHoOun mpe3 1986 r. IlomydeHoTo natupaHe Ha
CEeIMMEHTHHU SJKW J1aBa CpelHa CKopocT Ha yrasBaHe oT 0,44 cm/roawHa B si3oBup Ildyenuna.
HAwnoounnuuTe npodmmm Ha enementute (Ti, Mn, Fe, Zn, Cr, Ni, Cu, Mo, Sn, Sb, Pb, Co, Cd, Ce,
Tl, Bi, Gd, La, Th u Una) ouepraBar pexa CTpyma KaTo OCHOBEH aHTPONOI€HEH HM3TOYHHK 3a
ceMMeHTUTE OT 513. [TuennHa. AHaNU3BT HA TTIABHUTE KOMIOHEHTH Pa3KpUBa JBE IPYMH XUMHYHU
€IIEMEHTH, CBbP3aHH C aHTPOITOTCHHUTE Bb3AeiicTBuUs. [IbpBaTta rpyna xuMuuHu enementd (Mn, Fe,
Cr, Ni, Cu, Mo, Sn, Sb u Co) nposiBsiBa HapacTBallla BpeMeBa TeHCHIIMS B CEIMMEHTHATA SKa Ha
peka CTpyma 1 HaMmamsBalla Wik OTChCTBHE HAa BpeMeBa TEHACHIIMS B siKaTa Ha s30BUp [luenuna.
[ToBeneHneTo Ha TE3U €JIEMEHTH C€ OIpeieNsl OT MpoMsHATa MHAYCTpUaaHaTa IeWHOCT B rp. [lepHuK
npe3 90-te rogunu. Bropara rpymna enementu (Zn, Pb, Cd, Bi u Unat) "Ma HapacTBaiia BpeMeBa
TEHJICHIINS B CEIMMEHTHUTE SIKK Ha peka CtpyMma u si3oBup [Tdenwna. [ToBuireHaTa KOHIIEHTPAIHS
Ha T€3M eJIEMEHTH Ipe3 LIeIHs MepHo] Ha U3ClIe[IBaHe ca JJOBENIU J0 YMepeHo oborarsaBane ¢ Pb u
Unat 1 3HaunTenHo oboratsiBaHe ¢ Zn u Cd B mpoOoB3emarenHara Touka oT s3oBup [luenuHa.
YMepeHo 3aMbpCEeHUTE, CIOpe] HHISKCUTE Ha TeoaKyMyJalus, MNpoOM OT TMOBBPXHOCTHU
CeIMMEHTH Ha s130Bup [TuenuHa, mposBABaT HUCKA EKOTOKCHYHOCT.
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15. Angelova, 1., Yotova, G., Mihaylova, V., Venelinov, T. “Distribution of Aluminium in the
Water Supply System of Sofia City, Bulgaria”, International Journal Bioautomotion, 2022,
26(3), 241-254.

Elevated concentrations of aluminium have been found at the outlets of the Drinking Water
Treatment Plants (DWTPs) of Sofia city, Bulgaria and in separate sampling points in the water supply
network. Cluster analysis is performed for multivariate data interpretation of the distribution of Al
concentrations during 2019 at 19 water sampling points (2 DWTPs outlets and 17 points within the
city water supply system). Although the concentration of aluminium in the outlet of the treatment
plants differ significantly, both of them fall into the same cluster, as the concentrations during the
year change in the same manner. The formed cluster of both the treatment plants and most of the
studied sampling points indicate the mixed origin of the purified water and proves that the
concentration of Al in tap water is dominated by the qualities and quantities from the different sources
of the supplied water, rather than by the secondary processes in the network for areas with
predominant steel and polyethylene (PE) pipes. A distinct exception are the areas with old asbestos
cement pipelines where potential release of the metal from the cement affects the Al distribution in
the water supply system.

VYcTaHOBEHH ca MOBUIIEHHU KOHIICHTPALMU Ha AJIlyMUHHUM Ha U3XOAUTE Ha IPEUNCTBATEIIHUTE
crannuu 3a nureitHu Boau (IICIIB) na rp. Codusi, bbiarapus u B oTAenHu mpoOOB3eMaTEIHU
NyHKTOBE BBB BOJOCHaOauTenHata Mpexka. I[IpoBeneH € KIbCTepeH aHalu3 ¢ Iel
MHOT'OBApUALIMOHEH aHAJIM3 U MHTEPIPETALMS Ha JAHHUTE 3a Pa3NpEeAeICHUETO Ha KOHLICHTPaLUsITa
Ha Al ipe3 2019 r. B 19 npobos3emarenuu nmyHkTa (2 ot uzxona Ha I[ICIIB u 17 Touku B rpajackara
BOJIOCHAOIMTENHA MpeXka). Bbopeku, 4ve KOHIEHTpauusTa Ha alyMUHUH Ha U3X0Ja Ha
IIPEYUCTBATEIIHUTE CTAaHIMK C€ pa3ianyaBa 3HauuTenHo, U asere [ICIIB nomagar B enuH u chim
KII'bCTEP, Th KaTo ce HaOMI0JaBaT CXOJHU M3MEHEHHUs B KOHIIEHTpalUsATa Ha aIyMUHUH Tmpe3
roguHaTa. KimberepsT, opMupaH KakTO OT MPEYMCTBATEIIHUTE CTAHIMH, Taka U OT IMO-ToJisiMaTa
4acT OT NpoOoB3eMaTeIHUTE MYHKTOBE, MOKa3Ba CMECEHMs NMPOU3XO0J Ha MpedyrcTeHaTa BOjAa U
JIOKa3Ba, Y€ KOHIEHTpauusara Ha Al B dyemMsHaTa BoJa B IO-TOJIIMa CTENEH C€ OMpenens OT
KaueCTBOTO M KOJUYECTBOTO BOJA, JOCTABEHO OT PA3NIMYHUTE HW3TOYHULMU, OTKOJKOTO OT
BTOPUYHUTE MPOLECH, TPOTHYAILU B TPHOOIPOBOIUTE B pailoHUTE ¢ peoliagaBalid CTOMaHEH! U
nonuetrwieHoBu (PE) tppOu. OTtuernuBo M3KiIOUeHHE ca palOHUTE ChC CTapu TPHOOIPOBOIU OT
a30€CTOLMMEHTOBH TPbOH, KBAETO MOTEHIIMATHOTO OT/EISIHE HA METala OT LIMMEHTA BIIUAE BbPXY
pasnpeneneHrueTo Ha Al BbB BOJIOCHAOAMTEIIHATA MpEXKa.

19.01.2024 r.
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