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Abstract

This research involves radiological study to assess medical herbs collected from the Shumen Plateau and Chavei
village. The determination of specific activity concentrations were carried out using Ge(Li) detector for gamma
spectrometric measurements. The results from the analysis for mean concentration of *’K, **’Th and **°Ra in Achillea
millefolium L. (Shumen Plateau) were 1364.27+204.64 Bq/kg, 68.85+10.33 Bq/kg, 44.66+6.7 Bq/kg , and for Achillea
millefolium L. (Chavei village) were 1445.48+216.82 Bq/kg, 53.29+7.99 Bq/kg, 71.89+10.78 Bq/kg. For each sample
from Achillea millefolium L.- flower, leaves and stems Radium equivalent activity, Internal radiation hazard, External
radiation hazard, Total yearly effective dose equivalent and Excess lifetime Cancer Risk have been determined. All results
of the present work were found to be lower than their corresponding allowed limits, and hence will pose relatively none
serious health risk and the radioactive hazard is low for human beings.

Keywords: Achillea millefolium L., Activity concentration, Radium equivalent activity, Radiation dose, Annual

effective dose, ELCR

BBBEJIEHUE

B exxenHEeBHETO CH YOBEK U3MOJI3Ba MHOXKE-
CTBO JICUEOHM PACTCHHSI IO/ PA3TUIHHA HOPMHU
KaTro yailoBe, E€KCTPAKTH, €TePUYHH Macia U
npyru. 'onsgma yacT oT OUIIKUTE HACETICHHETO
chOMpa caMOCTOSTETHO B Pa3JINYHU paliOHH Ha
cTpaHara, 6e3 1a € "HpOopMHUpaHO 32 EBEHTYaJ-
HaTa paJralroHHa OMACHOCT MPH yrmoTpeda Ha
rojeMy KOJMYeCTBa OT ChOTBETHATa OWIIKA.
ETo 3amio oneHkara Ha paaualliOHHUS PUCK On
nama nqobpa wHbopMarus 3a 00TbUYBAHETO HA
YOBEeKa OT ECTECTBEHHM paauoHykiuau. Han
80% OoT 001HLUBAHETO HA YOBEKA CE ABLIDKHA Ha
CCTCCTBCHU U3TOUYHHIMN HA paaualvs, KOUTO CC
OTKpUBAT B OKOJHATa cpeia, T.€. MPUYUHSABAT
BBHIIIHO O6J'I’b‘-IBaHe Ha 4OBCKa.

[lenTa Ha HACTOSIIOTO U3CJIEIBAHETO € Ja Ce
OLICHU paJlUAlIMOHHUA PUCK U HUBOTO HA paua-

st Ha berus pasuen (Achillea millefolium L.),
€JIHO OT HAW-IIIMPOKO M3IOJI3BAHUTE Yy HAC JIe-
4eOHU pacTeHUSI.

N30 KEHHUE

benusr pasuen (Achillea millefolium L.) e
MHOTOTOAMIIIHO TPEBUCTO pPACTEHHUE, KOETO
o0OuTaBa TPEBUCTH MECTA, JINBAIU, XpacTaJlallH.
[upoxo paznpocTpaHeH € B 1isia beiarapus, ot
0 mo 2000 meTpa HaagMoOpcka BucounHa. [Ibd T
oT Maif 1o centemBpH [1].

3a mpoBexJaHe Ha TaMa-CIeKTPOMETPHY-
HUs aHaMM3 Osixa moaOpaHu Ib(GHAIM pacTe-
HUs, cbOpaHu npe3 mecel 1oHu (0kosi0 EHbOB-
neH) ot aBe obmactu B bearapus — CeBepHa
bovarapusi, o6iact ["'abpoBo, ob6mmHa ["'abposo,
c. YaBen u CeBepousrouna buarapus, obnact
[ymen, obmmua Illymen, Ilpupomen mapk
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[IIymencko miaro. Mapopmanums 3a MectaTra Ha

npoOoB3eMaHe € JajeHa B Tabnuia 1.

Tabnuua 1. Hugpopmayus 3a
MECMONONIONACEHUAMA OM KbOemo ca CbOpanu

npobume
IIymeHncko

Mscro c. YUapeu U1aTo
Ob6nact I"abposo ymen
KoopuHatH 42°55'14"N | 43°16'45,6"N

PA 25°15'33"E | 26°56'59,9"E
Haagmopcka 475 470
BHCOYHMHA [m]

Co0panu ca mucrta, cTb01a ¥ IBETOBE OT bsit
paBHeIl OT qBeTe MecTHOCTH. [Ipodute ca u3cy-
II€HH, CTPUTH U IPUTOTBEHH 32 IPOBEXKIaHE Ha
rama-CreKTpOMETpPHYCH aHanu3. 3a 1enrta Oe-
111€e U3I10JI3BaHa raMa-CleKTPOMETIINYHATA CHC-
TeMa, pa3MnoiiokeHa B JabopaTopusira o Smupe-
Ha ¢u3uka u paauoekonorus B lLllymeHcku
yHuBepcuteT. CrucremaTta BKIIOYBA OIYIPO-
BOJHHMKOB I'€pPMaHUEBOJIUTUEB JIETEKTOpP C U3-
rpajieHa TMacWBHA 3alIUTa U €(PEKTUBHOCT Ha
nerextopa 4.5% 3a muHuara Ha °'Cs (E =
661.66 keV) [2]. [lonyuenute maHHu ce oOpa-
00TBaT MOCPEJCTBOM CIIEHAIU3UPAH coPTyep
3a rama criektpu ANGES [3]. Metonukarta 3a
oTpezieisiHe Ha PaAMOHYKIMIUTE € CBhp3aHa C
UIACHTH(UKAIUS HA ramMa JIMHUUTE 110 TEXHUTE
€Hepruy W TpecMsATaHe Ha crhenuduyHaTa
AKTUBHOCT Ha BCEKH PErHCTPUPAH PAJUOHY-
KJIUJ, 4Ype3 HETHUTE TUIOIIM Ha PETUCTPUPAHU-
Te mukoBe. [I[puMepeH CeKThp € MpeACTaBeH
Ha ¢urypa 1.

" Fle Spectrum Display Tools Window Help

|8 (W QUSSR +|F|+ |t oh|oh|B] =] DBl

Due. 1. Cnexkmwvp nonyuern om npogedeHust
2amMa-cneKmpoMempuyer aHaiu3

CrenuduuHaTa akTUBHOCT Ha BCEKH OT pa-
JTMOHYKIIMJUTE € IpecMeTHaTa 1o ¢popmyna (1):

A _ Snet (1)

sp T IL.t.em
Sher— HETHA ILIOII HA ITUKA
[ — xBaHTOB TOOUB
{ — BpEMeTO 3a ChOUpaHe Ha CIIEKThPa
& — e(DeKTUBHOCT Ha JICTEKTOpa 32 ChOTBETHATA

ramMa JJMHUA
m — Maca Ha u3MepBaHaTa mpooa [4].

B Tabmmia 2 ca mpeactaBeHU pe3ysTaTUTE
OT TPOBEJICHUSI T'aMa-CIIEKTPOMETPUYEH aHa-
3.

Tabnauya 2. Pezynmamu om nposedenus 2ama-cnekmpomempuier anaius na npooume om bsn pasuey
MsicTo Ha Cnenuduyna aktuBHOCT [Bg/kg]
npoba
npoOoB3eMaHe 226R 4 22T 40K
BT | 46.14£6.92 | 61.69+9.25 | 1531.53+229.73
Ilymencko mmcra | 45.78+6.87 | 98.82+14.82 | 1439.424215.91
IJ1aTo
cTeOma | 42.07+6.31 | 46.04+6.91 |1121.87+168.28
st | 47.50+£7.13 | 73.67+11.04 | 1996.51+299 48
¢. Hasen, mcra | 95.80+£14.23 | 35.69+5.35 | 1226.77+184.02
I"abpoBo
creOma | 73.37+11.01| 38.78+5.82 | 1113.15+166.97
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Crnen¢uynaTa akTUBHOCT Ha **°Ra e B uH-
TepBaia ot 42 — 96 Bq/kg. Haii-Bucoka crieru-
¢uuna akTuBHOCT 3a 2*Ra e oT4yeTeHa B THCTa-
Ta Ha benus paBHen cvOpanu ot c. Yasew, a
Hal-HHCKa CTOMHOCT B cThOsaTa ot [llymeHcko
mwiaro. CrnenupuyHUTe aKTUBHOCTH 32 22Th ca
B uHTEepBal oT 35 10 99 Bg/kg, kato Haii-HU-
CKaTa CTOMHOCT € OTYETeHa 3a JIICTara chopa-
HH 0T c. YaBen, a Hali-BHCOKaTa CTOMHOCT € I0-
TydeHa 3a Jucrara Ha benust paBHel cbOpaH oT
[ymencko miaro. CrenupuIHUTE aKTUBHO-
ctu 3a “K ca B unTepBana or 1100 1o 2000
Bg/kg, kaTo Haii-HucKaTa crienupuIHa aKTHUB-
HOCT € OIpeJIeNieHa 3a CTh0IaTa, a Haill-BHCOKa-
Ta CTOWHOCT € OTYeTEeHa 3a LIBETOBETE ChbOpaHu
ot c. Yasewu.

3a ompenensHe Ha paguallMOHHUTE e)eKTH
BBPXY YOBEKA CE M3IMOJI3BAT PA3TUIHH PaKTOPH
Ha BBL3IECHUCTBUE.

1. PagueB ekBuBajeHT (Rac,)

To3u ¢axTop ce mpuiara 3a OolleHKa Ha pa-
JMOJIOTUYHATA OMACHOCT HAa IPOOH OT OKOJIHA-
Ta cpena. Toil Moxe 1a ObJie TpecMeTHATA 110

dopmymna (2) [5]:
Ragq = Agq + 1.43A7, + 0.077Ak , (2)

KbJeTO Ars, Am, W Ak ca cHenupUIHHUTE
akTUBHOCTH Ha **°Ra, 23?Th n “°K.

JlaHHUTE 3a pajeB CKBUBAJICHT MOJYYCHU
3a mpobuTe oT bsit paBHel| ca mpeicTaBeHn Ha

¢urypa 2.
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IBAT JIHCTa cTh0ma

OIllymencko miaro  OYasewn, ['adpoBo

Due. 2. I'paghuuno npedcmassne Ha padues
eKgusanenm 6 iucma, cmvona u yeemosge na bsn
pasHey

CTOMHOCTHUTE MOJIYYEHH 32 PAIUEBUST EKBHU-
BajieHT ca B uHTepBan oT 190 mo 310 Bg/kg.
Haii-BrCOKM CTOMHOCTH Ca OTUETEHHU B TpodaTa
OT UBAT chOpaHa oT ¢. YaBeu u B mpobdara oT
nucra ceopana ot lllyMmeHckoTo muiato, a Haii-

HHUCKH CTOMHOCTH Ca OTYETEHH B CTHOJIATa U HA
JBETE MPOOH.

2. UHaekcn mpH BHHIIHO W BHTPENIHO
o0rbuBaHe.

Te3u uHAEKcH ca CBBp3aHHU C OMACHOCTTA
OT BHITHO (H,y) vwuti BbTpemHo (H;,) 001puBa-
He Ha opranusmute. [Ipuema ce, 4ye chbuiara
CKOpOCT Ha pa3majaHe me ObAe MoydeHa OT
370 Bq/kg 3a BpHIIHO oObuBane u 185 Bg/kg
NpHu BBETPEITHO 06nbuBaHe 3a >’Ra, 259 Bg/kg
3a 22Th u 4810 Bg/kg 3a *°K nmpuchcrpamu B
nmpobara [6]:

Ak

ARqa ATh
H, =—7+—+—— 3
€X 370 = 259 4810 3)

AR Arp Ag
Hin = 2o+ 550 T 7810 (4)
185 = 259 = 4810

[Toxydenure pe3yaraTH ca NMPEACTaBEHU Ipa-
¢uuno Ha purypu 3 u 4.

12
1

0.8 —

IBAT JIHICTa cTh0Ia

OIllymencko wiato O Yasen, [a6poBo

Due. 3. I paguuno npedcmassne na uHoexkca Ha
8bMPEUHO 001bUBANE
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LBAT JIHCTa cTp0Ia

OIllymencko wiato  OUYagen, ['a6poBo

Due. 4. I'pagdhuuno npedcmassne na unoexca Ha
B8bLHUIHO 001bUBAHE

Bcuuku nmpecMeTHaTH CTOMHOCTH 32 MHJEK-
CHUTE Ha BHTPEIIHO U BHHIITHO 00JIbYBAHE Ca T0-
manku ot 1. Karto 1 3a 1Bara nHAEKCa, CTOMHO-
CTHUTE ca Hali-HHUCKH 3a CTHOIaTAa.
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3. MomHoCT HA NOI'LJIHATA 1034

MOH_[HOCTTa Ha MorbjiHaTa 103a BbB Bb3Yy-
Xa MOXe J1a Obs1e mpecmeTHaTa upes (5) u (6), ¢
KOHUTO C€ OLCHABA CHOTBETHO MOIIIHOCTTAa Ha
MOT'bJIHATATA 1032 HAa OTKPUTO U MOIITHOCTTA Ha
MOT'BJIHATATA 1032 Ha 3akputTo. OOmara Mor-
HOCT Ha TOTbJIHATaTa J03a Ce MpecMsiTa KaTto
cymMa OT MOIIIHOCTU Ha HNOT'BJIHATUTC OO3U 34
TOJIMHA TTOTYYEHU Ha OTKPHUTO U 3aKpuTO (7).

Doyt = 043645, + 0.599A, + 0.04174, (5)
Dy, = 09245, + 1.1A7, + 0.0814,  (6)
Dtot = Doyt + Din (7)
Pesynrature momyueHu 3a oOIlmara MoII-

HOCTTa Ha TOTr'bJIHATa 103a 3a benus paBHen ca
NpeaCcTaBeHu Ha ¢urypa 5.
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OBAT JMIcTa cThOI1a

OIlTymencko raro O Yasen, I'aGpoBo

Due. 5. I paguuno npedcmassne na odwama
MowHOCI Ha noz2vbaHama 003a 3a bsan pasuey

CTOMHOCTUTE U3UHUCIICHH 3a MOIIHOCTTA Ha
IIOT'bJIHATA J]03a ca B UHTepBasia oT 273 1o 435
nGy/y. Haii-Bucoka CTOMHOCT € TOJIydeHa 3a
npobara OT 1BeTOBe chOpaHa ot c. Yasewn.

4. 'ongumiHa MHAMBUAYAJIHA edeKTHBHA
a03a

OneHka Ha TOIWIIHATA WHAWBHUAyaTHA
edeKTHBHA J03a IOJyuyeHa Ha OTKPUTO U Ha 3a-
KpUTO, MOKE Ja C€ HAIpaBH KaTO C€ B3eMaT
npeaBu] KoepHUIMEHTUTE Ha MpeoOpasyBaHE
OT MOIIHOCTTA Ha TOTBJIHATATA /1032 BHB Bb3-
nyxa B e(eKTUBHATA /1032 M KoeuIlMeHTa Ha
32€TOCT Ha OTKPUTO U 3aKpuTOo. CHIrIacHO J0-
kimagute Ha UNSCEAR (1993, 2000) [7], ce u3-
MOJI3BAT CIICAHUTE KOE(UIIMEHTH Ha mpeodpa-
syBane: 0.7 Sv/Gy ot abcopOupaHaTa 103a BbB
BB3llyXa M0 epeKTHUBHATA /103a, MOJTydYeHa OT

BBb3pacTHU. Cunra ce, ye okoiio 20% ot BpeMe-
TO XOpaTa IIpeKapBaT Ha OTKpHUTO, a 80% Ha 3a-
KpPHUTO, MIOpaJd KOETO KOe(ULUEHTUTE Ha OT-
KPUTO M 3aKpHUTO e Obaatr cboTBeTHO 0.2 M
0.8. CnegoBaTenHO TOAMIIIHATA UHIUBUyaTHA
edexTrBHA 1032 Eour (MSV/y) Ha OTKPUTO MOKE
na Opae u3umncieHa no gopmyna (8), a Ha 3a-
KpUTO 110 popmyna (9).

Egut |"52] = Doue || + 876011 « 0.2+
07|z ] Dyye 1.226 [uSv] (8)

[m—s"] = Dy [*2] + 8760[1] * 0.8 +

0.7 [ ] Dyt * 4.905 [uSv] (9)

Cpennara roguiiHa epeKTHBHA 1032 MOXE
na ObJie MpecMeTHaTa KaTro cyma OT cpeaHara
roauiHa e(h)eKTUBHA J103a MOJTyYeHa Ha 3aKpH-
TO M Cpe/IHaTa ToAMIIHA e(peKTUBHA J103a HA OT-
KPUTO:

Etor = Eout + Ein (10)

PesynraTture 3a cpepHaTa roAMIIHA HHIUBH-
IyaHa eeKTHBHA J]03a MMOJyUYeHH 3a PoOHTe
ot bsin paBHer ca npeacraBenu Ha urypa 6.

2N R

IBAT JHCTa cTh01a

Ei[mSviy]

OIllymencko wiato O Yasen, ['a6poBo

Due. 6. I paguuno npedcmassne na peyimamume
NOYYEHU 30 CPeOHAMA 200UUHA UHOUBUOYATHA
eghexmuena 003a 3a npooume om bsan paguey

Cpennata rofumiHa MHIUBUAyalHA edek-
THBHA /1032 € Hall-BUCOKa B LIBETOBETE Ha OeHsI
paBHel, ceOpaH ot c. Yasen. Hail-nucku croii-
HOCTH Ca OTYETEHH 3a CThOJIaTa Ha JIBETE Ipo-
ou.

S. IloBMIIEH pHCK OT paK Ipe3 ueJaus
AKUBOT

PucksT oT pak npe3 1enus ;xuBot (ELCR —
Excess lifetime cancer risk) moxke ma ce ompe-
JeT KaTo BEPOSITHOCT OT pa3BUTHE Ha pak
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Mopajy HUBaTa Ha u3jaraHe Ha paguanus. To-
31 (pakTop MOKe 1a ObJIe MPEeCMETHAT, KaTo ce
B3eMarT IMpeIBHJl CTOWHOCTUTE MOJyYEeHHU 3a
cpeaHaTa roauiIHa e(heKTUBHA 1033, CpeaHaTa
MPOIBIKUTEIIHOCT HA KUBOT (D7) M PUCKOBHS
daktop (Rr), xoiito cwermacio ICRP
(International Commission on Radiological
Protection) e 0.05 3a HaceneHueTo B ciyyail Ha
croxactuunu edextu [8]. Cpemnara mpoabii-
KHUTEITHOCT Ha XHMBOT 3a bwarapus, chriacHo
JAaHHH OT HAI[MOHAJHUS CTaTUCTUYECKU UHCTU-
TyT 3a nepuoaa 2019-2021 ronuna e 73 ronuau
[9]. CyMara OT CTOMHOCTUTE MOJIYyYEHH 3a TO-
BUIIEH PUCK OT pak Ha oTkputo (11) u Ha 3a-
kputo (12) maBa oOIIUS MOBUIIIEH PUCK OT PaK
npe3 uenus KuBoT (13).

ELCRyyt = EoueDLRp (11)
ELCR;, = E;;,D,RF (12)
ELCR;yt = ELCR,,+ + ELCR;, (13)

Pesynrature nmoiaydeHu 3a pucKa OT pak Ipe3
[eNHsl )KUBOT ca MpeicTaBeHu Ha urypa 7.

N

OBAT JIHCTa cTBONMa

ELCR 107
O = WE Lo ®

OlIllymeHcko wiato  OYasen, [aGpoBo

Que. 7. I paghuuno npedcmassne na peyimamume
RONYYeHU 30 pUCKA OM paK npe3 Yeaus HCUusom
noayyenu 3a npooume om bsn pasuey

CTolHOCTUTE TOJIyYEHU 3a pUCKa OT pakK
npe3 Lens KUBOT ca B MHTepBan ot 3.6 107 -
5.8 107, Haif-HUCKHM CTOIHOCTH OTHOBO Ca TIO-
JyYeHH 3a CTHOJIaTa, a Hali-BHCOKA CTOMHOCT €
OTUETEHa 3a LIBETOBeTe Ha benus paBHEl Cbh-
OpaH ot c. Yasen.

3AKVIIOYEHUE

B macrosimara paGoTa ca mpeacTaBeHu pe-
3yJATaTH CBHP3aHU C OICHKATa Ha paJalliOH-
HUS PUCK MIPH yoTpeda Ha MIUPOKO YIOTpeOsi-
BaHAaTa B ©XKEJHEBHETO OWika benust paBHell
(Achillea millefolium L.). IlpecmetHaTH ca pa-
JTMEBUS EKBUBAICHT, MHJCKCUTE TP BHTPEITHO
M BBHINHO OO0JBYBaHE, 00IaTa MOIIMHOCT Ha
MOT'BJIHATA J103a, TOJUIITHATA €(DEeKTUBHA /1032 U
pHCKa OT pak mpe3 menus *KuBoT. [IpecmerHa-
TUTE CTOWHOCTH 32 BCUYKHU PaTUAIIMOHHU (DaK-
TOPH Ha BB3/ICHCTBUE Ca HA-BUCOKH 3 JINCTA-
ta Ha benus paBHen, cpOpan ot c. Yaseu, a
Hal-HUCKH ca 3a CThOJIaTa U Ha ABETE MPOOH.

BJIATOJAPHOCTH

N3mepBanusTa ca HanpaBeHU ¢ PUHAHCOBA-
Ta noakpena Ha npoekt P/1-08-80/09.02.2022 r.,
Ha LIV "Enuckon Koncrantun [Ipecnascku’ u
MOJIKpereHu oT MHUHHMCTEPCTBO Ha 0OpazoBa-
HUETO U Haykara o Hanuonannara nporpama
»MJIay yYeHU U MOCTIOKTOPAHTH — 2.
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