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AHHOTALIMA

06ocHoBaHue. LLIpoKkoe NpMMEHEHWE UCTOUYHWUKOB MOHW3WPYIOLLErO U3NYYeHUS B MEAULIMHCKOW NPaKTUKe (KapamMo3HA0Ba-
CKYNSPHOW XMpYPruu, 3HA0CKONUM, TPaBMATONOMMK, YPOSIOTUM, HEMPOXMPYPIUM, CTOMATOSIOMMM, OTAENEHUSX PafUOU30TOMNHO
AMArHOCTUKM) NPUBOAMT K 00JTyHEHUIO XpyCTanMKa rasa U KOXM pyK PacCesHHbIM M3y4YeHUeM HU3KOW MHTEHCUBHOCTY. BBe-
neHve MATATI HOBbIX peKOMeHAALMIA N0 CHUXEHWIO Npefena roA0BON 3KBUBA/IEHTHOM 03bl Ha xpycTanuKk (20 M3B) npu-
BEJI0 K TOMY, YTO OLIEHKA A03bl M0 XPYCTaNMKy Ha 0CHOBE 3P (QEeKTUBHOI J03bl CTaNa HEKOPPEKTHOM.

Lienb — aHanu3 noaxo[i0B U OLEHKa 3KBMBANEHTHbIX 4,03 0bMy4eHUs XpyCTanuKa rnasa v KoXu pyK MeULMHCKOro nepeo-
Hana npu NPoOBeAEHUN Pa3fINYHbIX AMarHOCTUYECKUX UCCel0BaHMI NoJ, BO3AENCTBUEM PEHTIEHOBCKOMO U3/TyYEHUS U raM-
Ma-u3y4eHus paguodapMnpenapara, a TaKKe CpaBHEHWE MONYYEHHbIX Pe3yNbTaToB C paHee onyb/MKOBaHHBIMU JaHHBIMU.
Matepuanbl u MeTogpl. [pUMeHANCA MeTo, TepMOJIIOMUHECLIEHTHOW A03uMeTpun. OLeHKa 403 NPOBOAMNIACck Y NepcoHana
KapAv03HA0BACKYIAPHON XUPYPTvK, 3HA0CKONUU, U30TOMHOM AUArHOCTUKM, CTOMATONIOMMK, YpOJIoruu.

Pe3ynbTathl. PacuéTHble rogoBble 3KBMBANIEHTHbIE A03bl HA XPYCTANMK [1a3a y Bpayeli 0TeNeHUI KapAM03HL0BacKyNApHO
XMPYPIrvW Haxoaunuck B ananasoHe ot 35 go 90 M3B, cpeiHero MeaMLMHCKOro nepcoHana — ot 6 Ao 19 M3B (B 0TAE/bHbIX
Cyyasx y Bpaya — [0 225 M3B, y MeauumMHCKol cecTpbl — [0 180 M3B); nepcoHana OTAeNeHUs pafron30TOMNHOI auarHo-
CTUKM — 0T 4,5 po 9 M3B. lo0BbIE pacyETHbIE IKBMBANEHTHBIE [103bl HA KOXY PYK Y NepcoHaa KapAmMo3HL0BacKyIAPHOA
xupyprum coctasunm ot 17 o 100 M3B, a npu pabote ¢ pagnodapmnpenapatamMu — oT 24 no 220 mM3s. lMokasaHo, 4To Uc-
Mosb30BaHMe OLEHKM YCPeHEHHOM [103bl 33 OHY OMepauMio y Bpayel KapAno3HA0BaCcKyIPHON XMPYPriu, Kak NpaBuio, He-
M30EKHO MPMBOJMT K NPEBbILIEHMI0 3KBUBANIEHTHOM [03bl HA XPYCTaUK rnasa Yepe3 onpeAesiEHHOE KOMYECTBO ONepaLyii.
3akntoueHue. py npesbILEHNN onpeaenéHHoro konndectaa onepaumi (ot 100 go 200) y Bpayeli KapaMo3HLOBACKYNAPHOI
XMpYpruv MoryT (OpMUpOBAaTLCS IKBMBAJIEHTHLIE [03bl HA XPYCTanuK rnasa bonee 20 M3B B rod. YcTaHOBNEHO nopae-
HWe XpyCTafuKa rnasa npu CYLLECTBYHOLLMX YPOBHSAX 0b1y4eHUs Y Bpaya KapAv03HA0BACKYNSApHOM xupypriu. lonydeHHble
pe3ynbTaTbl CBMAETENLCTBYIOT 0 HEOOXOAMMOCTU AaNbHEMLUMX A03UMETPUYECKUX M3MEPEHWU U 3MULEMMONIOrUYECKUX UC-
Cnef0BaHuiA, Ha 0CHOBAHWUW KOTOPbIX MOTYT BbITb pa3paboTaHbl peKoMeHaLMU MO pafuaLMOHHOM 3alLuMTe XpycTanuKa rnasa
M KOXM PYK MeVLMHCKOro NepcoHana, ocyLecTBAsoLero paboTy B nosie paccesHHOro, raMMa- U peHTTeHOBCKOr0 U3Myye-
HWS! HU3KON UHTEHCUBHOCTM.

KnioueBble cnoBa: MCTOYHUKK MOHU3NPYOLWero nsny4yeHna; nepcoHan; Kapano3HAoBacKynApHaa XUpyprua; otaeneHue
pa}J,VIOVI3OTOI'IHOVI OWArHOCTUKKU; XPYCTaJIUK T1a3a; KOXa pPYK; pacCeAHHOe U3JlyyeHue HU3KON MHTEHCUBHOCTK; rof0Bas
JKBUBAJIEHTHaA [003a; TePMOJIIOMUHECLIEHTHAA NO03NUMETPUS,; I'IpOd)ECCMOHaJ'IbHOG noeeneHue.
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ABSTRACT

BACKGROUND: The widespread use of radiation sources in medical practice (cardio-endovascular surgery, endoscopy,
traumatology, urology, neurosurgery, dentistry, and radioisotope diagnostics departments) leads to irradiation of the lens
of the eye and the skin of the hands. The introduction of new recommendations by the IAEA to reduce the limit of the annual
equivalent dose to the lens (20 mSv) has led to an inaccurate dose assessment based on the effective dose.

AIM: To analyze approaches and assess equivalent doses of irradiation of the lens of the eye and skin of the hands of medical
personnel during various diagnostic studies under the influence of X-rays and radiopharmaceuticals studies and to compare
the results obtained with previously published data.

MATERIALS AND METHODS: Thermo-luminescent dosimetry was used. Dose assessment was performed by cardio-
endovascular surgery, endoscopy, isotope diagnostics, dentistry, and urology personnel.

RESULTS: The estimated annual equivalent doses to the lens of the eye for doctors of cardio-endovascular surgery departments,
in most cases, ranging 35-90 mSv, 6—19 mSv for the average medical staff (in some cases, the doctor [<225 mSv] and the
nurse [<180 mSv]) and 4.5-9 mSv for the staff of the department of radioisotope diagnostics. The annual calculated equivalent
doses to the skin of the hands for cardio-endovascular surgery personnel were 17-100 and 24—220 mSv for the staff working
with radiopharmaceuticals. It is shown that the use of an estimate of the average dose per operation by cardio-endovascular
surgery doctors, as a rule, inevitably leads to an excess of the equivalent dose to the lens of the eye after a certain number of
operations.

CONCLUSION: When a certain number of operations are exceeded (100-200), equivalent doses to the eye’s lens in cardio-
endovascular surgery doctors above 20 mSv per year can be formed. At current radiation levels, a lesion of the eye’s lens
was found in a cardio-endovascular surgery doctor. The results indicate the need for further dosimetric measurements and
epidemiological studies, based on which recommendations for radiation protection of the eye’s lens and the skin of the hands
of medical personnel working in low-intensity, scattered, gamma X-ray radiation can be developed.

Keywords: annual equivalent dose; cardio-endovascular surgery; eye lens; hand skin; low-intensity scattered radiation;
professional behavior; radiation sources; radioisotope diagnostics department; staff; thermo-luminescent dosimetry.
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A T I A 55 AR A7 AR AT BE R R B AN N5
PRAE S B2k (il an, %MKB)??F%O BN
Pb, HREEAINO0. 1222KPb) o 31X AT DL 3k o 3% Al
P ET N R TAERAM:

PR W 230 T2 45 N R IR ER S R AR S5 RG]
= 5PETH 2 Wi seie = N =5 3547 1 I

TEAFFHSF TAER IR E] A (CTAER)  (R6) .

PET A 0o U R A 212 3 1T N B2 i 5/
o7 & B AR I 45 0CE R & 4. 2-4. 9 u Sv/
GBq (4.2-4.9uSv/WN) , PET/CTHURITIK A
6 uSv/GBq (2.3 uSv/iAN) , PLIHRERBARAARE
A N5, 4-5. 8 1 Sv/GBq (2. 1-2.2 nSv/
JRA) 5.9 1uSv/GBq (2.3 uSv/IiA) . &EIEK
FSEHE AR R EE (BE N TE T “:%z” ) =2
FEANED BEMX. (HEFIE-E8)/FE-HA
PIRR, RVFTEHATFR BRGNS 5
B/FESEAEG, RRMAIEYS “9EH” BIEA
Ko VRS EEAE) IR TE AR K F BB K
K&, BRI TIERE, HmIIRBR SR RS

Bo A 141, VPG TPETH.OBES N RRIER  FIE A 7EPET/CTRUR I & Fid %M. X&H T
BREIRIA RGN & . PETH.O R TAE N RAEEE A 58N EME AL, EXMIEN T, g
5. AIRERZ N AR R R

FARAEXNHARFIRRZ BRAIE, 5,
EA-12 19/5 39 24/11 183
Z=4-16 17/5 49 29/22 185
PEA-18 3/1 9.4 12/0 170
F26. R YU T 25 BT TE AR N BCR, PET A2 W st = T/E N IR ER R IA R e A & (0, ) FIE
WE (B) [14]

Hp.p» mSV E, mSv

A Pt N2 109. 2 283 0.63 0.53
B IEET, S dEiE vt 124.5 324 0.67 0.52
C PET/CTARLS N, 44 135.2 354 0.8 0.81

e PET/CT——5 X5 AT SHLETZ RZ A

+
SRy
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WLHM “n5” RXROUHME. EERERNE, 1
A% FE B 14 2590, 57 EHp (10) AlHp (3) I EUE )L
AL, ZRTZE H IR ER SRR B S RGR = W)
i, Wb RITIANA GREREED .

CTRUS A B B 57 e i) B o AT, X T
CTHRUF MR UE, MR H 2 —Fh w1 Ep “ 1L
EATA”  (BRErmcREEE, RElbiEf) . T
YEN B TAE B RAFPE14/NN 26N N o B EE:
B, MR ARG I (RS KEEF)
BRI . FIEWEEILEE . it B,
ETAENG (afllb) ZIRIEA TGS Z BT,
R AR ER R I S RGT = T Re 2220 15 mSv.
SRIEMEAE SR (16, 161 HIEIEE S NiiE
1 RV € P e € s R N L R =B N = i | W L
14 mSvAI6%23 mSv. PRATIXLELER, W] LLuisE A
B 5 AR N B 1 L) 2 i e i e R U
PEFEISL RIS W19 BN AR IR KPR S B 2,

B 7 VR4S R BR S RAR B A & 48, VPG 10
M W AN B P RS 252 Wi 11 BN 3 TF-456
SRR, RSB B FRME RN . NFRAFTAT
DLEH, IR A B9S850 3% A I 5k i
SORFIEPEE] (500 mSv) o From H g S
A — /> B A Ry 8 M R R T A . X JE R A R
FE T o I e & 25 AN e 52 e B A F iR
W (EFHEHAMFE) WS (FEEmEAWN
00 L5 P A RHER 2B - B T B S g B AR
1, B XU B AMU 0 A R 2 ) Jag 3 1 1 52 4 9
I, DLAFARGEFEREKL.
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VERNIX TR TR 3 40, VB O & A Ak
B A TF 3R ) B AR e R kAT T TE . 3k
BRI HERE, FIRERERTTRERREL Gy
B = K [13] . 22945 HPET H O JEUH I [F] Ar
RICWEh & RS ERGIE R, 1%
TR TAEH R L15].

SR8 NTE S TR 25 W e A ok 78 R ik
ISR DTk . HAERERRE, -1/ “5
BL” (B2 ZFERSF. B8, R
P13 T 100% RS,  — 4 Hp T30 R B A A5 5G]
B A LUAR|ZA1450 mSv. XEEdE ST (17] 31
BE—2, FEPEEZE3E512 mSv.

N T EETE X, O I AR TR
R AR () S RGR AT TR . SRR,
— REEAE X T 1 ARG & N0, 5-2. 5 mSv,
X B8 3 By AT ()P 2504 A\ TR & 500 mGy. 5 RE
BIIEALAMRHE AR TR SEL (300-600%1)
Je 3 T 30 R IR AR ) A5 R & AT RERE 500 mSv
I BE & A B R . 78— T T HAE i FAT IR
F R AT 4 4 B [ DNAXUEE T 22 (A 0,y H2AX

B R 2% LA E (p<0.05) , FHELET2/N
i JE i B E 3 A Jb (13, 18],

i
TXAN o] FAE B} 2 SRk L ARIE T A 24K
B [19-24]. fERRREAER T PR 504, TR ER

R7. PETH O RIAL R SLL % TAE A G IR ER SRR 1 SR SRR R (12, 14]

A TESIT60%, 7r%40% 6.9
B J33E760%, TESTF40% 7.4
C PET/CTIUE I 8.8
¥: PET/CT——5 XSRS NLITZE S AR S5 & 1 IE B 1 R S-S AL Z H 3
F8o (O PN AMEF R B IR R S RGRI B I U T (12, 14]

—&%%E‘Jﬂs ke Hs

AR Sy ki BIERE FERIBRIERE AR /‘;Fg

OIS P AR 1.2 31 450 17
O W AMREE A -1 0.7 13 350 19
oML PN A RHEE A2 -2 4.5 20 450 100
oI N A REZE A2 -3 1.1 5 450 100

9. PETHHL M ER LI E TAE A GBI (Hp, 0.07) o T Chig) KL SERGIE

AR |

TAEHRRR

| Hp(0.07), mSv/4E

TESTT60%, 7r%40%
IrEET60%, VEST40%
PET/CT ARSI

220
132
24

a
b
C
e PET/CT—— 5 XGFEAT SEAUNTZ AR AR S5 & I IE v TR S ST 2 4948
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e RAARN 57 Bk (1) 85 RG34 T T VP AY . IR ER IR
RIS R MO, 05 mSvE|0. 4 mSvAEE, TRk
HIFEMO. 3 mSvE|L. 1 mSvAZE, ARER SR T
R B IA 2805, TR Bk BB E A BUmIE 2
A5 TERFFL19]H, fE—IR¥EAEF, BRI
T IRER AR R . AR R T iR
P, BRER SRR S5 = A R KIAIE,
TX BT B A 2R RS N AR AR S5 O/ F AL R
Tl2]. HTMAEHEEAERARESME, XTHIR
BR R AR 1 58 5 75 & I AT ARG = L. fEBF
FLL25]9, A T B EENFENES AR
W, R R SR . P B O I P A
YN LRSS T

R AT T 1T ARl . = A RO
JHREAT T LRIRR A IR T . X —F kAT
T27T6 8 338IKFAR, He20%2 LR . AR
FEFEHBT20 mSv, JEHEE21E61 mSv[a]. Hf
14l T RE R IR B3 AR IR I, XUIR A 77 R AR T 7
6 mSv, FE13 mSvE48 mSvAZE, JLEBHIARA
BIVEIT T I8, BRI ) XF BR BR bR AR 1 551
BERALEER(26].

TE94 T P T vk = i A 3547 7 N e~ H
B HR BR DR AR 5 2550 = W 9T . R AL T BRI A
ARAR TN B R 25 RGR & . RS TAE HHRER &
PRI N0, 18+0. 11 mSv, 2000 T/EH
fIN35.34+6.6 mSv. fE54 (56%) O IILE N 4k
B, IS THEERS (20 nSv) .
R ANROEL, mRERTE, OmEN
ARFH R IS A 0T B 4 70 B ER SR AR 52 308
EAF, JCHELELM . B FEE, A Lh@Es
P00 B J 5 5 WU 5 SR VP A R BR 7 0K AR 5 5 7R =
[D g 06=0. 0179+ (0. 5971 X Do) 1 [27] &

KB T 4448 00 ML N AP RHEE A= 224
NBIXT IR AT O s 3. RN A il
26440 L N AMRHEE AR R XS BRI 2 5 3 2
2T R IR B A A . AR BR SR AR ) 70 Al
PRGN EI v R . & A A RHE A AR
B3 25 8B 0. 83+0. 59 mSv, 4AHREA
0.35%£0. 38 mSv. FEHNEAHTHN0. 7211 mSv.
A% 25 B8R o R AR VE T R AT RS AR P 2L
Z KA REER. T IL OIS N AMEEA
KU, BRI T H RN, AR A s
FIMAZ BINGE T ZER . FRAINH, XLk
P52 BHO L N AR A2 AT RSS2 2IAH 24 KR
BRERARF &, RO AR I 57 AR i (28] .

ERFFR[29] 7, 2 5E HAHEE94 T Lk
FAT8N NI IEAH, MATAE AR R e
fil B B AR A o R T SR BRI ALORAS E HE BR IR
AR o AP T 2 0] A o IR BR DR AR 1 7 2y B AR
FE AT 7 B A . T 1) A 4 HR A s A
AR BR SRR ARS8 5 70 A B - A2 BRI FR IR A4
F 35 BRI 5 9224F185  mSv. XFT-47%H
O I N A RH IS A6 R A2% () ot G 41 52 iR 3 Sk
W RILT A 40 HR HAZ AT B DA R AR R v ok
X F-25% 0o L P AP RHEE A FT29% X 18 2H 52 4
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FORUL, BRI T A R BES . KT 7% i
AP BHEE A= F6% i ot B 4 32 R 3 ki, MR T
G5 FVEM., EXTER . MR RRR A 2
ST AT R S, SXTERAA L, GO I P A
Aok A= 21 H B ek ) XU A B T e S 1
hne ARG, SXERAAEL, ARG E R
Whn. A UEIERABEE =S M, A RRER
MBS 2 m. FEEHERREW, T2l RReEA
HRN, ASBEHERR H B S AN R

X 2E B A8 BT MR N R ) VAl AR 7T 25 HY
T PUR SR ER S RAR B R0 R R A5 R iU R
A1 HIFEN0. 2982.9 mSv, O L5 P 4b
B EAF9 - 1°~0. 44551, 49 mSv, FEHITA
0.1%8.54 mSv, ZMEIEARINO0.89 mSv, FAR
P80, 11584, 6 mSv. HRER SRR 5K F
(PP A7 A2 22 X6 AN N5l 24 &= Hp (3) AlHp (10) 19
348 . M3 4RHD (3) AlHp (10) 4F AR 3 A% $5 1E
BAMSEL SR THIEL nSvEIMER N13%,
HEIt6 mSvIREZE A10%, 20 mSvIIHERE /N T 1%.
[, % RS BITE B 2 F i AR BA RN T2 A2 48
S 2 B, AT T —ME®, —Fh
1120 mSvAIECE T LK B FI 1 10%, X R A
45 3 ] BE A FEHLIER (30, 31]. MEH|ixXsbst
B 5 ERIHORAMED (Optimization of Radiation
Protection Medical Staff) T H i3k 4L 5
HIEKRAF[32-34] . ORAMEDIH H %302 AN KR i
BT O BT 15 SO0 IR IR A A 4 S 75 gk
1T TS . JLF50%00 00 LA PN AR} A= 453 4F (1)
AR E#EIE20 mSv.

FIE;, fEAEFEA “Mayak” T A = 2)1E
PRI AN R R AR . 7215 0004 A H,
LR PN PR R 2R 5 I A e A R R
BFEEGSR T HRE NN ELERR. XA
RN HE S AT M. 25 GyEDL Gy A%,
B RER T, EKPEZEERNTA
b, FTE R ANE (5 R ZIOMETR)
A B RS ARG 0 o P ) P I A XU P
B 35]. TR Sh/RHIX KRS i, 7934
ARIFIEIER 75 mSv, 517D ARIFIMG mSv F|
100 mSvANEE, 67 ARIHEIE100 mSv. Rk, H
Al AR AR IR G R . PRI T, RS
FIE AR K. V28 W0 22 21 R AR A% AN 5 FE 1
VM [36] .

EREEMEITHEARF, NRABeKza
WA B LSRR NEIE37], 11400108
AR5 A R 15 44 37 A IR G it bR A ) 45 28550 i
E3MNHWML2 mSvE|16.92 mSvAZE, TE#IH
ER21BEA T, 74 B IR ER SR AR 52
AR BT RF 420 mSv. W74 30ET0% 1
EA RS ZEAET TIRRA R, RILT B
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ARG 2 A ) VE R I TR 4 . A Z 2
B, XA RUL, BRI T B IRREE S
MF1IAEARM, AT AERORIE.
WT24EA (458 FT0%8) K, WA TH
AR 2N 5 N M AR L ORI T 57 TR
HE, ZENRZC0T L LD o X —40ieE
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FH R R [38, 397,

BT TC R R PR

o 1] 60 0 PR A — A H BLAH R
[ 55 A R S BOA s ORI AL S
.

it

Z SR AT AR B R, ST HRER SR AR 1) 4
S E AT TV . RIS R A A, GO
WAMNBHE A R R E A =S 720 mSvIirK
P, M35 mSvEI90 mSvAEE. P EHTFEAEREE
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70K, PERFARARNSORFIER] T IX IR

TEOILE N AME, fSRIGFIE RN — A FEE
K22 N TAEGTBIXSE R X AR .. XE—E
R 5 TAEN R AT A K.
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