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14N+ 181Ta iz.kkyh esa fpfdRldh; n`f"V ls egRoiw.kZ jsfM;ksvkblksVksiksa dk Hkkjh&vk;u izsfjr mRiknu

ch ih flag1] vkD;wc flíhdh1] eks 'kq,sc1] leohy valkjh1] ,e 'kkfjd vluSu2] b'kQkd ethn3] vfHk"ksd ;kno4] eukst dqekj 'kekZ5] 
vkj ih flag6 ,oa vkj izlkn1
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6baVj ;wfuoflZVh ,DlhyjsVj lsaVj] v#.kk vklQ vyh ekxZ] ubZ fnYyh&110 067 ¼Hkkjr½

[bZesy% bpsinghamu@gmail.com]

lkjka'k % jsfM;ks vkblksVksiksa ¼radioisotopes½ dk mRiknu ijek.kq fpfdRlk ¼nuclear medicine½ esa funku ¼diagnostics½ rFkk mipkj ¼therapy½] nksuksa ds fy, 
vR;ar egRoiw.kZ Hkwfedk fuHkkrk gSA ijaijkxr :i ls] jsfM;ks vkblksVksiksa ds mRiknu ds fy, U;wfDy;j fj,DVj ;k lkbDyksVªkWu dh vko';drk gksrh gS] ftlds 
fy, mPp ÅtkZ d.k lzksr vkSj mi;qä y{; inkFkZ ¼target material½ dk iz;ksx fd;k tkrk gSA fdarq Hkkjh vk;u&izsfjr vfHkfØ;k,¡ ¼heavy-ion induced  
reactions½ fpfdRldh; n`f"V ls mi;ksxh jsfM;ksU;wDykbM~l ¼radionuclides½ izkIr djus ds fy, oSdfYid ekxZ iznku djrh gSaA bl v/;;u esa] 14N + 181Ta U;wfDy;j 
fj,D'ku esa mRiUUk vfHkfØ;k vo'ks"kksa ¼reaction residues½ ds fy, mÙkstu Qyu ¼excitation functions½ dks ≈ 65&88 MeV ÅtkZ dh lhek esa LVSDM&QkWby 
lfØ;.k rduhd ¼stacked-foil activation technique½ rFkk mPp&fjt+kWY;w'ku γ&fdj.k LisDVªksLdksih ¼high-resolution γ-ray spectroscopy½ ds ek/;e ls ekiu 
fd;k x;k gSA v/;;u esa Au, Hg, Pt, Ir, Os rFkk Re ds fpfdRldh; :i ls egRoiw.kZ leLFkkfudksa ¼medically important isotopes½ dh igpku dh xbZ] rFkk 
muds mRiknu ØkWl&lsD'ku ¼production cross sections½ dk lkaf[;dh; ekWMy iz{ksi.k dks.kh; laosx ;qfXer d.k&mRltZu ¼PACE4½ }kjk izkIr mÙkstu Qyuksa 
dh rqyuk lS)kafrd x.kukvksa ls dh xbZA ;g dk;Z p;fur leLFkkfudksa ds mi;ksx dh laHkkoukvksa dks funkukRed besftax ¼diagnostic imaging½] fpfdRlh; 
jsfM;ksQkekZL;wfVdYl ¼therapeutic radiopharmaceuticals½] czSdhFksjsih ¼brachytherapy½] vkSj jsfM;ksU;wDykbM tsujsVj iz.kkfy;ksa ¼radionuclide generator 
systems½ esa js[kkafdr djrk gSA ifj.kke ;g n'kkZrs gSa fd fpfdRldh; leLFkkfudksa ds mRiknu ds fy, Hkkjh vk;u Rojdksa ¼heavy-ion accelerators½ dk iz;ksx 
ikjaifjd fof/k;ksa dk izHkkoh iwjd ¼effective supplement½ fl) gks ldrk gSA

eq[; 'kCn% vkblksVksiksa] czSdhFksjsih] jsfM;ksU;wDykbM tsujsVj iz.kkyh
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ABSTRACT
The production of radioisotopes plays a crucial role in nuclear medicine, both for diagnostics and therapy. While reactors and cyclotrons dominate 
conventional isotope production, heavy-ion induced reactions provide alternate access routes to radionuclides with potential clinical relevance. 
In this work, excitation functions for residues populated in the 14N + 181Ta system were measured in the energy range of ≈65-88 MeV using the 
stacked-foil activation technique and high-resolution γ-ray spectroscopy. Medically important isotopes of Au, Hg, Pt, Ir, Os, and Re were identified, 
and their production cross sections were compared with statistical model calculations (PACE4). The study emphasizes the applicability of these 
isotopes in diagnostic imaging, therapeutic radiopharmaceuticals, brachytherapy, and radionuclide generator systems. The results demonstrate the 
potential of heavy-ion accelerators to supplement conventional methods for medical isotope production.

Keywords: Isotopes, Radionuclides, Brachytherapy

izLrkouk 

ukfHkdh; vkS"kf/k vkerkSj ij besftax vkSj fpfdRlk ds  
fy, jsfM;ksvkblksVksi dh fujarj vkiwfrZ ij fuHkZj djrh gSA dqN  
egRoiw.kZ leLFkkfud 998Tc, 131I, 18F, vkSj 192Ir lkekU;r% fj,DVjksa 
esa ;k lefiZr lkbDyksVªkWu dk mi;ksx djds mRikfnr fd, tkrs gSaA 
gkyk¡fd] dqN U;wVªkWu&deh okys leLFkkfudksa ds mRiknu esa ;s rjhds 
lhfer gSa] tks ikWft+VªkWu ,fe'ku VkseksxzkQh ¼PET½] yf{kr jsfM;ksFksjsih] 
;k jsfM;ks&vkblksVksi tujsVj iz.kkfy;ksa ds fy, ,d vkd"kZd fodYi gSaA

fpfdRlk jsfM;ks vkblksVksi eq[;r% ukfHkdh; fj,DVjksa ;k d.k 
Rojd esa mRikfnr fd, tkrs gSaA fj,DVjksa esa] ;s U;wVªkWu lfØ;.k ¼tSls] 
131I, 153Sm, 177Lu) ;k ;wjsfu;e ds fo[kaMu ¼tSls] 99Mo→ 99mTc)½ 
}kjk mRiUUk gksrs gSa1A Rojd esa] ;s izksVkWu] M~¸kwVsjkWu] ;k α&d.k izsfjr 
vfHkfØ;kvksa ¼tSls] 18F, 68Ga, 201Tl½ }kjk mRiUUk gksrs gSa2A

vk;u&d.kksa ¼ion-beam½ }kjk y{; ¼target½ dh ijr ij 
ceckjh ¼irradiation½ djus ds ckn] okafNr jsfM;ksvkblksVksi dks 
mPp 'kq)rk vkSj mi;qä jklk;fud :i esa izkIr djus ds fy, 
jsfM;ksjklk;fud i`FkDdj.k vkSj 'kqf)dj.k fof/k;ksa dk mi;ksx 
fd;k tkrk gSA tSls fd lkWYosaV ,DlVªSD'ku] vk;u&fofue; ØkseS-
VksxzkQh] dkWye i`FkDdj.k] ;k tsujsVj flLVe ¼tSls 99Mo/99mTc 
tsujsVj½A mudh v/kZ&vk;q feuVksa ¼18F: 110 feuV½ ls ysdj fnuksa  
¼131I% 8 fnu] 177Lu% 6-7 fnu½ rd gks ldrh gSA ftlls funku 
vkSj fpfdRlk esa izHkkoh fpfdRlk vuqiz;ksxksa ds fy, mRiknu vkSj 
rhoz i`FkDdj.k nksuksa vko';d gks tkrs gSaA

Hkkjh&vk;u ¼HI½ izsfjr vfHkfØ;k,¡ xn, pxn] vkSj α&mRltZd 
pSuyksa ds ek/;e ls izksVkWu&le`) leLFkkfudksa ds mRiknu rd  
lh/kh igq¡p iznku djds ,d vuwBk ykHk iznku djrh gSaA bu le-
LFkkfudksa esa dbZ ckj v/kZ&vk;q vkSj {k; xq.k gksrs gSa tks uSnkfud 
mi;ksx ds fy, vR;ar mi;qä gksrs gSaA blds vykok] HI vfHkfØ;k,¡ 
gesa leLFkkfud mRiknu ds vuqdwyu ds fy, egRoiw.kZ ukfHkdh; 
vfHkfØ;k ds ?kfVr gksus dh laHkkouk vkSj O;ofLFkr foKku dk  
v/;;u djus dh Hkh vuqefr nsrh gSaA

;gka ge 14N + 181Ta ukfHkdh; vfHkfØ;k dk v/;;u djrs 
gSa vkSj vfHkfØ;k dk irk yxkrs gSa] ftldh igys eq[; :i ls 

lay;u vkSj fo[kaMu lay;u ijek.kq izfrfØ;k xfr'khyrk 3 ds  
v/;;u ds n`f"Vdks.k ls tkap dh xbZ gSA gkykafd] orZeku dk;Z 
iwjh rjg ls fpfdRlk egRo ds jsfM;ksvkblksVksi ds mRiknu dh 
vksj LFkkukarfjr gks x;k gSA ;gka v/;;u fd, x, egRoiw.kZ  
leLFkkfudksa esa lksuk ¼191Au, 190Au, 189Au½] ikjk ¼192Hg, 191Hg, 
190Hg½] IySfVue ¼189Pt, 187Pt, 186Pt½ vkSj bfjfM;e ¼187Ir, 186Ir, 
185Ir½ ds lkFk&lkFk ,dy leLFkkfud 183Os vkSj 181Re 'kkfey 
gSaA gekjs ,d gkfy;k v/;;u esa 16O+174Yb esa mRikfnr 186Pt 
dh FksjkXuksfLVd {kerk ij t+ksj fn;k x;k gS4A orZeku dk;Z esa ns[ks 
x, jsfM;ksU;wDykbM egRoiw.kZ gSa] D;ksafd muesa ls dbZ igys ls gh 
uSnkfud mi;ksx esa gSaA gkyk¡fd] dbZ vU; uSnkfud besftax] yf{kr 
jsfM;ksFksjsih] czSdhFksjsih vkSj jsfM;ksU;wDykbM tujsVj iz.kkfy;ksa esa 
vuqiz;ksxksa ds fy, lfØ; :i ls 'kks/kk/khu gSaA bu vo'ks"kksa ij  
/;ku dsafnzr djds] orZeku v/;;u dk mís'; fpfdRldh; :i ls 
izklafxd leLFkkfudksa ds mRiknu ekxks± esa fofo/krk ykus vkSj mUgsa 
iwjd cukus esa Hkkjh&vk;u izsfjr izfrfØ;kvksa dh {kerk dks mtkxj 
djuk gSA mijksä dks ns[krs gq,] orZeku dk;Z lkekftd@fpfdRlk 
vuqiz;ksx ds n`f"Vdks.k ls vR;f/kd ewY;oku gSA

izk;ksfxd fooj.k

fdj.kiqat vkSj y{; fuekZ.k

;g iz;ksx ubZ fnYyh fLFkr varj&fo'ofo|ky; Rojd dsanz 
¼IUAC½ esa 15UD isysVªksu Rojd }kjk iz{ksfir 14N6+ vk;u 
fdj.kiqat dk mi;ksx djds fd;k x;k FkkA iz{ksI; fdj.k ÅtkZ ≈ 
65&88 MeV dh lhek esa dh xbZ] tks izfr U;wfDyvkWu esa ≈ 4&7 
MeV ds vuq:i gSA ;g ÅtkZ {ks=k fpfdRlk laca/kh izklafxdrk okys 
Hkkjh&vk;u izsfjr vfHkfØ;k pSuyksa dh [kkst ds fy, mi;qä  gSA mPp  
'kq)rk okys 181Ta Q+kWby] tks 99&98» rd lè) vkSj jksfyax rduhd  
}kjk rS;kj fd, x, Fks] y{; lkexzh ds :i esa FksA irys ,Y;qehfu;e 
dSpj Q+kWby ¼1-2&1-7 mg/cm2½ dks izR;sd y{; ¼target foil½ ds 
ihNs j[kk x;k Fkk rkfd vkifrr vk;u fdj.kiqat ÅtkZ dks de fd;k 
tk lds vkSj lkFk gh vfHkfØ;k ds nkSjku mRiUUk izfr{ksfir ukfHkdksa 
dks ,df=kr fd;k tk ldsA y{; ¼Target½ dh eksVkbZ dks 241Am 
lzksr ls 5-486 MeV α&d.k mRlftZr djus ds lkFk α&lapj.k 
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fof/k dk mi;ksx djds mPp ifj'kq)rk ds lkFk fu/kkZfjr fd;k x;k 
Fkk] ftlls y{; {ks=k ?kuRo dk fo'oluh; Kku lqfuf'Pkr gqvk] tks 
lVhd ØkWl&lsD'ku eki ds fy, egRoiw.kZ gSA

fofdj.k vkSj fuxjkuh

jsfM;ks/kehZ fofdj.kksa dk fu"iknu lqLFkkfir LVSDM&Q+kWby lfØ;.k 
rduhd dk mi;ksx djds fd;k x;kA ;g fof/k gesa ,d gh bjSfM,'ku 
esa vkifrr ÅtkZvksa dh ,d foLr`r J`a[kyk ij mÙkstu Qyuksa dks 
,d lkFk ekius dh vuqefr nsrh gSA izR;sd LVSDM&Q+kWby la;kstu 
¼rhu y{; okys½ dks ≈8&10 ?kaVs dh vof/k ds fy, fofdjf.kr fd;k 
x;k] ftlesa fof'k"V fdj.k /kkjk,¡ ≈25&30 nA Fkha] rkfd #fpdj 
vo'ks"kksa esa i;kZIr lfØ;rk lqfuf'Pkr gks ldsA vkifrr fdj.k /kkjk 
dh fujarj fuxjkuh ,d QSjkMs di }kjk /kkjk lekdyd midj.k ls 
;qfXer djds dh xbZA iwjd tk¡psa ,d lgk;d iz;ksx ds ek/;e ls 
Hkh dh xb±] ftlesa 300 ij vkxs dh fn'kk esa j[ks x, nks jnjQksMZ  
izdh.kZu ekWuhVjksa dk mi;ksx fd;k x;kA nksuksa fof/k;ksa ds chp lgefr 
5» ds Hkhrj Fkh] ftlls fo'oluh; ¶yDl ekudhdj.k lqfuf'Pkr 
gqvkA lko/kkuhiwoZd fuxjkuh egRoiw.kZ gS] D;ksafd vYidkfyd 
fpfdRlk leLFkkfudksa ds ekis x, mRiknu izkf;drk dh lVhdrk 
vkifrr fdj.k ¶yDl ds lVhd eki ij vR;f/kd fuHkZj djrh gSA

xkek ¼γ½ fdj.k LisDVªksLdksih
fofdj.k ds ckn] jsfM;ks,sfDVo targets dks 1-2 ehVj O;kl okyk 

izdh.kZu d{k ls fudkyk x;k vkSj mPp&'kq)rk tesZfu;e ¼HPGe½ 
fMVsDVj vk/kkfjr vkWQ&ykbu γ&fdj.k LisDVªksesVªh dk mi;ksx djds 
mudk fo'ys"k.k fd;k x;kA LisDVªksehVj dk ÅtkZ n{krk 60Co dh 
1-33 MeV xkek&fdj.k ij 1-2 keV FkhA fMVsDVj dks 22Na, 60Co, 
133Ba, vkSj 152Eu tSls ekud lanHkZ lzksrksa dk mi;ksx djds ÅtkZ 
vkSj fujis{k n{krk nksuksa ds fy, dSfyczsV fd;k x;k FkkA ;s lzksr 
v/;;u fd, x, leLFkkfudksa ls lacaf/kr ,d foLr`r γ&fdj.k ÅtkZ 
Js.kh dks doj djrs FksA fo'oluh; xfrfof/k ifjek.khdj.k lqfuf'Pkr 

djus ds fy,] fofdjf.kr targets dks mfpr 'khryu le; ds ckn 
,d&,d djds vyx&vyx γ&LisDVªe fjdkWMZ fd;k x;k] vkSj 10» 
ls de counting le; ds fy, vko';d lq/kkj ykxw fd, x,A**

vfHkfØ;k vo'ks"kksa dh igpku mudh fof'k"V γ&fdj.k ÅtkZ-
vksa vkSj v/kZ&vk;q ¼{k; oØksa ds ek/;e ls½ dks ekidj dh xbZ5A 
fp=k 1] esa n'kkZ;k x;k ,d fof'k"V fjdkWMZ fd;k x;k xkek fdj.k 
LisDVªe] dqN jsfM;ks leLFkkfudksa dks n'kkZrk gS vkSj leLFkkfudksa dk 
{k; oØ Øe'k% fp=k 2 esa n'kkZ;k x;k gSA ekih xbZ xkek ÅtkZvksa 
vkSj v/kZ&vk;q dh rqyuk ewY;kafdr ukfHkdh; MsVk lsVksa ls dh xbZ6A 
bl n`f"Vdks.k us ewy :i ls gesa izsf{kr vfHkfØ;k jsfM;ks leLFkkfud 
vo'ks"kksa dh Li"V igpku djus esa enn dh] tks izR;{k fpfdRlk 
laca/kh #fp ds gSaA

ukfHkdh; vfHkfØ;k dh izkf;drk ¼Probability½ dk ekiu
ekud lfØ;.k lehdj.k dk mi;ksx djds ekih xbZ γ&fdj.k 

xfrfof/k;ksa ls vfHkfØ;k vo'ks"kksa ds mRiknu izkf;drk ¼Probability½ 
dk ekiu fu/kkZfjr fd, x,%

tgk ¡ ] A ceckjh ds var ¼EOB½ ij leLFkkfud ds  
vfHkyk{kf.kd xkek f'k[kj ds varxZr {ks=k gS] Nt izfr bdkbZ {ks=k 
esa y{; ukfHkdksa dh la[;k gS] Φ vkifrr d.k izokg gS] vkSj  
leLFkkfud dk {k; fLFkjkad gSA iSjkehVj Tirr] Tcool] vkSj Tmeas 
Øe'k% fofdj.k le;] x.kuk ls igys 'khryu le; vkSj eki le; 
vof/k dks n'kkZrs gSaA ;g lw=khdj.k LokHkkfod :i ls fofdj.k ds 

fp=k 1 — LVSDM&QkWby rduhd esa izR;sd y{;&dSpj QkWby ls xqtjus ij fdj.k dh 

m$tkZ esa Øfed Ðkl dk ;kstukc) fp=k.k

fp=k 2 — yxHkx 83 MeV dh vkifrr iz;ksx'kkyk ÅtkZ ij ntZ fd;k x;k 14N +181 

Ta vfHkfØ;k dk ,d lkekU; γ&fdj.k LisDVªeA
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nkSjku xfrfof/k fuekZ.k] 'khryu ds nkSjku {k; gkfu vkSj x.kuk ds 
nkSjku {k; dks n'kkZrk gSA

v/;;uk/khu leLFkkfudksa ds lqLi"V laØe.kksa ds vuq:i 'kq)  
&f'k[kj x.kukvksa ls fØ;k'khyrk dk fu/kkZj.k fd;k x;kA x.kukvksa 
esa fujis{k lalwpu n{krk] 'kk[kk vuqikr vkSj x.kuk le; 'kkfey 
fd, x,A izR;sd leLFkkfud dk mldh fof'k"V v/kkZ;q vkSj {k; 
iSVuZ ds ek/;e ls ØkWl&lR;kiu fd;k x;k rkfd fu/kkZj.k lqfuf'Pkr 
fd;k tk lds] tks vfrO;kih&js[kkvksa okys vYidkfyd fpfdRlk 
leLFkkfudksa ds fy, fo'ks"k :i ls egRoiw.kZ gSA

izk;ksfxd ØkWl&lsD'ku ¼izkf;drk½ esa dqy vfuf'Pkrrk 15» 
ds Hkhrj vuqekfur dh xbZ] tks f'k[kj {ks=kksa] lalwpd n{krk 
va'kkadu] 14N&fdj.k /kkjk ekiu vkSj y{; ¼target½ eksVkbZ  
fu/kkZj.k esa lkaf[;dh; vfuf'Pkrrkvksa ls mRiUUk gqbZA lVhdrk dk 
;g Lrj fpfdRlk leLFkkfud mRiknu mit ds fo'oluh; ewY;kadu 
ds fy, i;kZIr gSA

lS)kafrd rqyuk ds fy,] lkaf[;dh; ekWMy x.kuk,¡ PACE4 
dksM7 dk mi;ksx dh xb±] tks ;kSfxd ukfHkdh; {k; ds fy, 
gkWlj&Q+s'kcSd ¼Hausher-Feshbach½ x.kukvksa dk mi;ksx djrk 
gSA ifjdfyr mÙkstu Qyuksa us izk;ksfxd ifj.kkeksa dh iqf"V vkSj 
fof'k"V fpfdRlk leLFkkfudksa ds fuekZ.k esa fofHkUUk vfHkfØ;k pSuyksa 
¼U;wVªkWu mRltZu] izksVkWu mRltZu] α&d.k mRltZu½ dh Hkwfedk dks 
leÖkus ds fy, ,d vk/kkj iznku fd;kA iz;ksx vkSj fl)kar ds chp 
lkeatL; ekis x, ØkWl&lsD'ku dh tk¡p djus esa lgk;d gksrk gSA 
blls gesa okafNr jsfM;ksU;wDykbMksa dh vf/kdre eku ds fy, fdj.k 
ÅtkZvksa dks vuqdwfyr djus esa Hkh enn feyrh gSA

ifj.kke ,oa foospuk
14N+181Ta dh vU;ksU;fØ;k esa] dbZ izdkj dh ukfHkdh; 

vfHkfØ;k,¡ gksus dh laHkkouk gSA gkyk¡fd] bu leLFkkfudksa dk 
mRiknu ØkWl&lsD'ku u dsoy iz{ksI; y{; la;kstuksa ij fuHkZj djrk 
gS] cfYd vkifrr 14N&vk;u fdj.kiqat dh ÅtkZ ij Hkh fuHkZj djrk 
gSA orZeku iz;ksx esa] lksuk] ikjk] IysfVue] bfjfM;e] vkWfLe;e 
vkSj jsfu;e ds dqN jsfM;ksleLFkkfudksa dk lekos'k fd;k x;k gSA 
;s jsfM;ksleLFkkfud fpfdRlk ds {ks=k esa izklafxd gSa vkSj ;gk¡ budh 
vyx ls ppkZ dh xbZ gSA

orZeku dk;Z egRoiw.kZ gS D;ksafd igpkus x, dbZ leLFkkfud] 
tSls fd 186Pt dSalj ds mipkj vkSj jsfM;ksQkekZL;wfVdy vuqiz;ksxksa 
esa Hkh egRoiw.kZ Hkwfedk fuHkk ldrs gSaA 186Pt ,d vk'kktud 
jsfM;ksU;wDykbM gS] ftlesa dSalj Fksjsih ds fy, mYys[kuh; laHkkouk,¡ gSa] 
;g u dsoy uSnkfud ¼diagnostic½ besftax esa cfYd jsfM;ksFksjsI;wfVd 
¼radiotherapeutic½ vuqiz;ksxksa esa Hkh mi;ksxh gSA 

IySfVue&vk/kkfjr dheksFk sj sih nok,¡] tSls fllIySfVu 
[Pt(NH2)2Cl2] vkSj dkcksZIySfVu [C6H12N2O4Pt], igys ls gh 
QsQM+ksa] fMEcxzafFk ¼ovarian½ vkSj ò"k.k ¼testicular½ dSalj ds mipkj 
esa mi;ksx dh tk jgh gSaA 186Pt dk lekos'k bu mipkjksa dks vkSj 
izHkkoh cuk ldrk gS D;ksafd ;g jklk;fud fo"kkärk ¼chemical 
toxicity½ vkSj LFkkuh;Ñr fofdj.k ¼localized radiation½ nksuksa 
ds la;kstu ls mipkj dh n{krk ¼therapeutic efficacy½ dks c<+k 
ldrk gSA

fp=k 3 — 14N + 181Ta iz.kkyh dh vfHkfØ;k esa 4n pSuy ds ek/;e ls mRiUUk  191gHg 
leLFkkfud dk ,d lkekU; {k; oØA Bksl js[kk iz;ksxkRed vkadM+ksa ds vuq:i fd;k 

x;k jSf[kd fQV n'kkZrh gSA

fp=k 4 — uSuks&FksjSukWfLVDl esa mi;ksx gksus okys fofHkUUk uSuks&okgdksa vkSj besftax 

rduhdksa dk fp=k.k
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ikjk leLFkkfud
orZeku dk;Z esa bl ijek.kq vfHkfØ;k ds ek/;e ls mRikfnr 

ikjk leLFkkfud ¼Mercury isotopes½ 192Hg ¼v/kkZ;q t½ ¾ 
4-8 ?kaVs½] 191Hg ¼v/kkZ;q t½ ¾ 49 feuV½] vkSj 190Hg ¼v/kkZ;q  
t½ ¾ 20 feuV½ eq[;r] 3n] 4n] vkSj 5n pSuyksa ds ek/;e ls 
izkIr fd, x,A ;s jsfM;ksU;wDykbM bysDVªkWu xzg.k ;k β+ mRltZu ds  
ek/;e ls {k; gksdj Lo.kZ leLFkkfud cukrs gSa] bl izdkj ;s  
tujsVj iz.kkfy;ksa esa ewy leLFkkfud ds :i esa dk;Z dj ldrs gSaA 
mnkgj.k ds fy,] 192Hg dk {k; gksdj 192Au curk gS] tks ,d 
vk'kktud PET vuqjs[kd jsfM;ksU;wDykbM tsujsVj dh vo/kkj.kk 
ijek.kq fpfdRlk esa fo'ks"k :i ls egRoiw.kZ gS] D;ksafd ;s esfMdy 
dkWystksa esa fcuk fdlh lkbDyksVªkWu dh vko';drk ds vYidkfyd 
leLFkkfudksa dh fujarj miyC/krk iznku djrs gSaA ;g n`f"Vdks.k 
fpfdRlk leLFkkfudksa dh igq¡p vkSj ykxr&izHkko'khyrk dks c<+krk 
gS[5]A blds vykok] Hg-Au tujsVj iz.kkfy;k¡ FksjkuksfLVd mi;ksx 
ds fy, vkd"kZd gSa D;ksafd ewy leLFkkfud ,d fLFkj vkiwfrZ J`a[kyk 
iznku djrk gS tcfd larfr leLFkkfud dks uSnkfud vuqiz;ksx ds 
fy, vklkuh ls fudkyk tk ldrk gS8]9A

Lo.kZ leLFkkfud
Lo.kZ jsfM;ksleLFkkfud Hkh ukfHkdh; fpfdRlk esa vR;ar  

egRoiw.kZ gSaA ;g fo'ks"k :i ls mudh mi;qä v/kZ&vk;q] {k; 
fo'ks"krkvksa vkSj uSuksd.k&vk/kkfjr vkS"kf/k forj.k iz.kkfy;ksa ds lkFk 
vuqdwyrk ds dkj.k gSA orZeku v/;;u esa] Lo.kZ ds rhu U;wVªkWu&deh 
okys leLFkkfud 191Au, 190Au vkSj 189Au eq[;r% ¼pxn½ mRltZu 
pSuyksa ds ek/;e ls mRiUUk vkSj igpkus x,A jsfM;ks&leLFkkfud 
191Au ¼v/kkZ;q t½ ¾ 3-18 ?kaVs½ ¼p3n½ pSuy ds ek/;e ls  
mRiUUk gksrk gS vkSj β+@bysDVªkWu vfHkxzg.k ¼EC½ }kjk 191Pt esa 
{k; gksrk gSA blds vis{kkÑr de v/kkZ;q vkSj ikWft+VªkWu mRltZu ds 

lkFk ;qfXer gksus ds dkj.k] ;g SPECT vuqjs[kd vkSj FksjkuksfLVd  
fof/k;ksa esa mi;ksx ds fy, ,d laHkkfor jsfM;ks/kehZ leLFkkfud 
gSA ;gka bu leLFkkfudksa dks FksjkuksfLVd mi;ksx ds fy, lksus ds 
uSuksd.kksa esa 'kkfey djus dk iz;kl fd;k tk jgk gS10A gky ds  
v/;;uksa ls irk pyk gS fd 191Au ys tkus okys jsfM;ks&yscy lksus 
ds uSuksd.kksa dks bu&ohoks esa tSo forj.k dk irk yxkus ds fy, 
fu;ksftr fd;k tk ldrk gS] tcfd lkFk gh yf{kr forj.k ds  
ek/;e ls fpfdRlh; dk;Z{kerk Hkh iznku dh tk ldrh gS11A

vkblksVksi 190Au] ftldh v/kkZ;q yxHkx 42-8 feuV gS] ¼p4n½ 
pSuy ds ek/;e ls mRiUUk gksrk gS vkSj ;g ,d ikWft+VªkWu β+ mRltZd 
Hkh gSA bl izdkj] ;g PET besftax ds fy, mi;qä gSA bldh NksVh 
v/kZ&vk;q rhoz tSfod izfØ;kvksa ds QkekZdksdkbusfVDl ¼Pharmaco-
kinetics½ ls esy [kkrh gS] fo'ks"k :i ls V~¸kwej gkbiksfDl;k besftax 
esa] tgk¡ okLrfod le; esa rhoz vo'kks"k.k vkSj fudklh dh fuxjkuh 
vko';d gksrh gSA mijksä ds vykok] 190Au jsfM;ks&vkblksVksi dks 
lksus ds uSuksd.kksa ;k tSo&v.kqvksa ds lkFk la;qfXer fd;k tk ldrk 
gSA bl izdkj dk la;qXeu V~¸kwej ds Årdksa rd yf{kr forj.k dks 
l{ke djus esa enn djrk gS] ,d izdkj dh j.kuhfr tks vk.kfod 
besftax dks fpfdRlk12]13 ds lkFk tksM+rh gSA

fp=k 5 — yf{kr jsfM;ksU;wDykbM Fksjsih vkSj FksjSuksfLVd besftax dk ;kstukc) fp=k.k

fp=k 6 — 14N + 181Ta ra=k dh vU;ksU;fØ;k esa fufeZr 195Hg* CN ¼gjk Nk;kafdr {ks=k½ 
dk ,d fof'k"V {k; fu:i.kA ukjaxh jax dk Nk;kafdr {ks=k igpkus x, jsfM;ksvkblksVksiksa 

dks n'kkZrk gSA
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blh izdkj] v/kZ&vk;q ¼t½½ ≈ 28-7 feuV okyk jsfM;ks&vkblksVksi 
189Au ¼p5n½ vfHkfØ;k pSuy ds ek/;e ls mRiUUk gksrk gSA 189Au 
leLFkkfud dk v/;;u FksjkuksfLVd vuqiz;ksxksa ds fy, iwoZ&uSnkfud 
ekWMyksa esa fd;k x;k gS] fo'ks"k :i ls rc tc bldk mi;ksx 
fØ;k'khy Lo.kZ uSuksd.kksa ds lkFk fd;k tkrk gSA bldh de  
v/kkZ;q ds ckotwn] bldh {kerk mu vuqiz;ksxksa esa fufgr gS tgk¡ rhoz 
tSo forj.k VªSfdax vkSj LFkkuh;Ñr fpfdRlh; fØ;k okafNr gS14A

IySfVue leLFkkfud
IySfVue leLFkkfud 189Pt ¼t½ ¾ 10-9 h½] 187Pt ¼t½ ¾ 

2-35 h½] vkSj 186Pt ¼t½ ¾ 2-0 h½ eq[;r% ¼αxn½ pSuyksa ds  
ek/;e ls ik, x,A gkyk¡fd bu leLFkkfudksa dk vHkh rd  
uSnkfud vH;kl esa O;kid :i ls mi;ksx ugha fd;k x;k gS] fQj 
Hkh jsfM;ksFksjsih vuqla/kku esa budh egRoiw.kZ laHkkouk,¡ gSaA IySfVue& 
vk/kkfjr dheksFksjsih ,tsaV] tSls fd flLIySfVu] dkcksZIykfVu vkSj 
vkWDlkfyIySfVu] lcls izHkkoh dSalj&jks/kh nokvksa esa ls gSa vkSj budk 
O;kid :i ls mi;ksx fd;k tk jgk gS15A 

;fn ge flLIySfVu] dkcksZIykfVu vkSj vkWDlkfyIySfVu tSls 
;kSfxdksa esa fLFkj leLFkkfudksa ds LFkku ij jsfM;ks/kehZ IySfVue 
leLFkkfudksa dks 'kkfey djsa] rks ;g fpfdRlh; fofdj.k forj.k 
ds lkFk&lkFk ihbZVh LdSfuax ds ek/;e ls nok ds tSo&forj.k dh 

besftax dk nksgjk dk;Z iznku dj ldrk gSA ;g ,d FksjkuksfLVd 
n`f"Vdks.k gS] tgk¡ mipkj vkSj fuxjkuh ,d lkFk dh tk ldrh gS16A

bfjfM;e leLFkkfud
orZeku iz;ksx esa] bfjfM;e leLFkkfud 187Ir ¼v/kkZ;q ≈10-5 

?kaVs½] 186Ir ¼≈ 15-8 ?kaVs½] vkSj 185Ir ¼≈ 14-4 ?kaVs½ dks ¼αpxn½ 
vfHkfØ;k pSuyksa ds ek/;e ls mRiUUk fd;k x;k gSA 73-83 fnuksa 
dh v/kkZ;q okyk 192Ir ,d jsfM;ks/kehZ leLFkkfud gS] ftldk eq[; 
:i ls mPp&[kqjkd&nj ¼HDR½ czSdhFksjsih esa mi;ksx fd;k tkrk 
gSA blds izeq[k xq.kksa esa 370 keV ÅtkZ okyk xkek&fdj.k LisDVªe 
vkSj 0-1091 mGy.m2/h/MBq17 dh lanHkZ ok;q deZ nj ¼RAKR½ 
'kkfey gSA orZeku dk;Z esa mRikfnr bfjfM;e leLFkkfud 192Ir 
dk ,d mi;qä fodYi izLrqr fd;k tk ldrk gS] tks viuh mPp 
fof'k"V xfrfof/k vkSj vuqdwy xkek mRltZu LisDVªe ds dkj.k 
HDR czSdhFksjsih ds fy, uSnkfud ekud gS] vkSj O;kid :i ls 
izksLVsV] xHkkZ'k; xzhok] Lru rFkk flj vkSj xnZu ds dSalj ds mipkj 
esa mi;ksx fd;k tkrk gS18A 

leLFkkfud 186Ir, 187Ir vkSj 185Ir dh mYys[kuh; :i ls de 
v/kkZ;q vLFkk;h izR;kjksi.k lzksrksa ds :i esa mi;ksx fd, tkus ij 
laHkkfor ykHkksa dk lqÖkko feyrk gSA blls vof'k"V jsfM;ks/kfeZrk 
dk cksÖk de gksrk gS vkSj mipkj ds ckn fofdj.k lqj{kk esa lq/kkj 

fp=k 7 — fllIySfVu] dkcksZIySfVu vkSj vkWDlkfyIySfVu tSlh IySfVue&vk/kkfjr dheksFksjsih nokvksa dh jklk;fud lajpuk,¡ vkSj f=kfoeh; ekWMyA ;fn bu ;kSfxdksa esa iz;qä fLFkj 
IySfVue leLFkkfud dks jsfM;ks/kehZ 186Pt leLFkkfud ls izfrLFkkfir fd;k tk,] rks ;g nok,¡ FksjSuksfLVd ¼theranostic½ {kerk izkIr dj ldrh gSa] vFkkZr~ os ,d lkFk funku 
¼diagnosis½ vkSj mipkj ¼therapy½ nksuksa ds fy, mi;ksxh gks ldrh gSa ¼tSlk fd ikB esa ppkZ dh xbZ gS½A
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gksrk gSA blds vykok] ykWftfLVDl dks lqO;ofLFkr fd;k tk ldrk 
gS] jksfx;ksa vkSj Dyhfudy LVkQ nksuksa ds fy, tksf[ke de fd;k tk 
ldrk gS] vkSj mipkj vof/k ds nkSjku izHkkoh mPp [kqjkd forj.k 
cuk, j[kk tk ldrk gSA

;|fi bu vkblksVksiksa dk uSnkfud vuqiz;ksx vHkh rd vKkr 
gS] fQj Hkh mudh vk'kktud {k; fo'ks"krk,a vkSj ifjpkyu ykHk 
O;ofLFkr ewY;kadu dh ekax djrs gSa] ftlesa foLr`r MksflesVªh 
ekWMfyax] eksaVs dkyksZ fleqys'ku vkSj izhDyhfudy O;ogk;Zrk  
v/;;u 'kkfey gSa] rkfd vxyh ih<+h ds ,pMhvkj czSdhFksjsih lzksrksa 
ds :i esa mudh O;ogk;Zrk dk vkdyu fd;k tk lds19A

vkWfLe;e leLFkkfud
vkWfLe;e leLFkkfud 183Os (t½ ≈ 13 h) eq[; :i ls 

Hkkjh&vk;u izsfjr vfHkfØ;kvksa esa ¼2α4n½ pSuy ds ek/;e ls mRiUUk 
gksrk gSA ;g vYidkfyd leLFkkfud fpfdRlk vuqiz;ksxksa esa] fo'ks"k 
:i ls jsfM;ksU;wDykbM tujsVj iz.kkfy;ksa esa viuh Hkwfedk ds dkj.k] 
egRoiw.kZ gSA ,slh iz.kkfy;ksa esa] 183Os ,d ewy leLFkkfud ds :i 
esa dk;Z djrk gS] tks β− {k; }kjk 183Ir esa fo?kfVr gks tkrk gSA 
bfjfM;e leLFkkfud] fo'ks"k :i ls 192Ir] viuh vuqdwy γ&mRltZu 
fo'ks"krkvksa vkSj mPp fof'k"V lfØ;rk ds dkj.k czSdhFksjsih vkSj 
vU; jsfM;ksFksjsih izfØ;kvksa esa O;kid :i ls mi;ksx fd, tkrs gSaA 
,d tujsVj esa 183Os dks 'kkfey djds] Dyhfudy LFkyksa ij ekax 
ds vuqlkj bfjfM;e leLFkkfudksa dk mRiknu laHko gks tkrk gSA 
blls fj,DVj ;k lkbDyksVªkWu }kjk mRiknu vkSj ifjogu dh jln 
rFkk lqj{kk laca/kh dk;Z vklku gks tkrs gSaA

tujsVj vo/kkj.kk 99Mo/99mTc iz.kkyh ds leku dk;Z djrh 
gS] tgk¡ ewy leLFkkfud ¼183Os½ dks ,d mi;qä LraHk eSfVªDl ij 

fLFkj fd;k tkrk gS] vkSj larfr leLFkkfud ¼183Ir½ ds fuekZ.k ds 
nkSjku le;&le; ij fu{kkyu fd;k tkrk gSA ;g fof/k vYidkfyd 
bfjfM;e leLFkkfudksa dh fujarj vkiwfrZ iznku djrh gS] ftlls jksxh 
ds mipkj ds fy, le; ij miyC/krk lqfuf'Pkr gksrh gS vkSj lkFk 
gh nh?kZdkfyd ewy U;wDykbMksa ds laidZ vkSj HkaMkj.k dks U;wure 
fd;k tkrk gSA

,sls Os-Ir tujsVj vHkh Hkh lfØ; vuqla/kku ds v/khu gSa] tks 
uSnkfud vuqiz;ksxksa ds fy, dBksj 'kq)rk vkSj ck¡Ökiu vko';drkvksa 
dks iwjk djus gsrq mRiknu ØkWl&lsD'ku] jklk;fud i`FkDdj.k 
rduhdksa vkSj LraHk fLFkjrk ds vuqdwyu ij dsafnzr gSaA gky ds  
'kks/k us iznf'kZr fd;k gS fd Os-Ir tujsVj iz.kkfy;ka&fo'ks"k :i 
ls 191Os → 191mIr ;qXe ij vk/kkfjr&mRiknu {kerk esa lq/kkj] 
ewy lQyrk dks U;wure djus] vkSj cQfjax vko';drkvksa dks 
U;wure djus gsrq ,yq,V ds jklk;fud :i dks vuqdwfyr djus 
gsrq lfØ; fodkl ls xqt+jh gSaA mnkgj.k ds fy,] VªsOl vkSj iSdkMZ 
us 25&30» mit ds lkFk 191mIr izkIr djus vkSj 191Os dh de 
lQyrk ¼< 5 × 10-40½ izkIr djus okyh izxfr dh lwpuk nh gSA ;g  
miyfC/k [kkjs ?kksy ¼0.001 M vkWDlkfyd vEy@0-9» NaCl½ dk 
mi;ksx djds fudkys x, tujsVjksa ls izkIr gqbZ gS] ftUgsa batsD'ku 
ls igys cQfjax dh vko';drk ugha FkhA orZeku esa py jgs  
vuqla/kkuksa dk mís'; tujsVj dh fLFkjrk dks vkSj c<+kuk vkSj uSnkfud 
fLFkfr;ksa esa fo"kkärk vkSj mi;ksfxrk dk vkdyu djuk gS20A Os-Ir 
{k; J̀a[kyk izR;{k fofdj.k ds fcuk fpfdRlh; bfjfM;e leLFkkfudksa 
dh vkiwfrZ dk ,d oSdfYid ekxZ iznku djrh gS] tks lefiZr mRiknu 
volajpuk dh deh okyh lqfo/kkvksa ds fy, ykHkdkjh gks ldrk 
gSA blds vfrfjä] 183Os esa Lo;a yf{kr jsfM;ksFksjsih vuqla/kku dh 
{kerk gS] gkyk¡fd vkxs iwoZ&uSnkfud ewY;kadu dh vko';drk gS21A

jsfu;e leLFkkfud
jsfu;e leLFkkfud 181Re ¼t½ ¾ 19-9 h½ dk mRiknu ¼2αp5n½ 

vfHkfØ;k pSuy ds ek/;e ls fd;k x;k gSA ;g β− mRltZu }kjk 
{kf;r gksrk gS vkSj fpfdRldh; :i ls LFkkfir jsfu;e&vk/kkfjr 
mipkj leLFkkfudksa % 186Re (t½ =3.7183 d) rFkk 188Re (t½ = 
16.9 h)] ds leku ifjokj esa vkrk gSA fpfdRlk mi;ksx ds fy, 
jsfu;e jsfM;ksvkblksVksi ds mRiknu rFkk muds vuqiz;ksxksa ij foLr`r 
ppkZ lanHkZ22 esa miyC/k gSA

orZeku dk;Z esa igpkus x, jsfu;e leLFkkfud esVkLVsfVd 
dSalj ds jksfx;ksa esa iz.kkyhxr jsfM;ksFksjsih vkSj vfLFk nnZ fuokj.k 
ds fy, fo'ks"k :i ls #fpdj gks ldrs gSaA 181Re jsfM;ksvkblksVksi] 
viuh e/;orhZ v/kkZ;q ds lkFk] dqN vuqiz;ksxksa ds fy, fpfdRlh; 
laHkkoukvksa dk foLrkj dj ldrk gSA blfy,] ;g izHkkoh V~¸kwej 

fp=k 8 — ,pMhvkj czSdhFksjsih lzksr dk oSKkfud LdheSfVd] ftlesa ,d lhYM bfjfM;e 
dSIlwy vklikl ds Ård esa xkek&fdj.ksa mRlftZr djrk fn[kk;k x;k gSA bulsV esa 186Ir] 
187Ir vkSj 185Ir dh v/kkZ;q nh xbZ gS] tks 192Ir ds laHkkfor vYi&v/kkZ;q fodYi gks ldrs gSaA



Hkkjrh; oSKkfud ,oa vkS|ksfxd vuqla/kku if=kdk o"kZ 34 vad ¼1½ twu 202670

fofdj.k vkSj jksxh ds mfpr fofdj.k tksf[ke ds chp larqyu iznku 
dj ldrk gSA 186Re gkbMªkWDlh,fFkfyMhu MkbQ+kWLQ+ksusV nnZukd vfLFk 
esVkLVsfll23]24 ds mipkj ds fy, mi;qä gSA bldk β− mRltZu 
fpfdRlh; mi;ksx ds fy, mi;qä gS] tcfd lkFk esa γ−&fdj.ksa 
besftax vkSj MksflesVªh esa lgk;d gksrh gSaA

fu"d"kZ
;g dk;Z ekSfyd ukfHkdh; vfHkfØ;k v/;;uksa dks ukfHkdh; 

fpfdRlk esa O;kogkfjd vuqiz;ksxksa ls tksM+us dh fn'kk esa ,d  
egRoiw.kZ dne gSA Hkkjh&vk;u vfHkfØ;k,¡] ftudk ikjaifjd :i 
ls lay;u vkSj fo[kaMu xfrdh dh tk¡p ds fy, mi;ksx fd;k 
tkrk gS] us ,d gh izk;ksfxd <k¡ps esa fpfdRldh; :i ls egRoiw.kZ 
jsfM;ksU;wDykbM mRiUUk djus dh viuh {kerk dk izn'kZu fd;k gSA 
;gk¡ v/;;u dh xbZ 14N + 181Ta iz.kkyh esa] geus izR;{k fpfdRlh; 
izklafxdrk okys leLFkkfudksa dh ,d foLr`r J`a[kyk dh igpku dh 
gS] ftuesa 183Os (t½ = 13 h) 'kkfey gS] tks Os-Ir tujsVjksa dk 
,d vxznwr gS tks czSdhFksjsih esa mi;ksx fd, tkus okys bfjfM;e 
leLFkkfud mRiUUk djrs gSa( 186Ir vkSj 187Ir] tks vkarfjd jsfM;ksFksjsih 
ds fy, vk'kktud gSa( 191Pt vkSj 195Au] ftuesa FksjkuksfLVd {kerk 
gS( vkSj 186Re] tks vfLFk nnZ fuokj.k ds fy, β− Fksjsih esa O;kid 
:i ls iz;qä gksrk gSA ;s vkblksVksi Mk;XuksfLVd besftax] tSls fd 
SPECT vkSj PET] ls ysdj yf{kr Fksjsih vkSj FksjkuksfLVDl rd 
ds vuqiz;ksxksa dks doj djrs gSaA

ekis x, mÙkstu Qyuksa us xn/pxn mRltZu pSuyksa ds fy, 
lkaf[;dh; ekWMy x.kukvksa ds lkFk vPNk lkeatL; iznf'kZr fd;k] 
tcfd α− mRltZu pSuyksa esa ns[ks x, fopyu Hkkjh&vk;u ds viw.kZ 
lay;u ds ;ksxnku dk ladsr nsrs gSaA ftlls Hkkjh&vk;u vfHkfØ;k 
xfrdh vkSj vkblksVksi dk mRiknu iwokZuqekuksa dh gekjh leÖk esa 
òf) gqbZ gSA ikjaifjd fj,DVj ;k lkbDyksVªkWu fof/k;ksa ds foijhr] tks 
vkerkSj ij ,dy leLFkkfud mRiknu ij dsafnzr gksrh gSa] Hkkjh&vk;u 
izsfjr vfHkfØ;k,¡ ,d lkFk fpfdRldh; :i ls izklafxd leLFkkfudksa 
ds ,d lewg ds fuekZ.k dh laHkkouk dks [kksyrh gSa] tks n{krk vkSj 
cgqeq[kh izfrHkk nksuksa iznku djrh gSaA

vYidkfyd leLFkkfudksa ¼vkblksVksi½ ds fy,] le; ij miyC/
krk egRoiw.kZ gSA fpfdRlk dsanzksa ds ikl] leLFkkfud foHkktdksa vkSj 
jsfM;ksdSfeLVªh iz;ksx'kkykvksa ls lqlfTtr mRiknu lqfo/kkvksa dh  
LFkkiuk] leLFkkfud&vkS"kf/k ;ksxksa ds Rofjr fuekZ.k dks l{ke dj 
ldrh gS] ftlls izHkkoh mipkj vkSj csgrj jksxh ns[kHkky lqfuf'Pkr 
gks ldrh gSA fdj.k ¼Beam½ ÅtkZ] y{;&idM+us okys la;kstuksa 
¼target-catcher combinations½] jsfM;ksdSfedy i`FkDdj.k  
rduhdksa vkSj iwoZ&uSnkfud lR;kiu ds vkSj vf/kd vuqdwyu 

ds lkFk] bl n`f"Vdks.k esa fpfdRlk jsfM;ksU;wDykbM lwph dk  
egRoiw.kZ :i ls foLrkj djus dh {kerk gSA dqy feykdj] ;g 
v/;;u ijek.kq fpfdRlk ds lkFk ijek.kq izfrfØ;k xfr'khyrk ds 
,dhdj.k esa vxz.kh gS] tks u dsoy ekSfyd HkkSfrdh esa ubZ varn`Zf"V 
iznku djrk gS] cfYd LokLF; lsok esa lq/kkj ds fy, vfHkuo volj 
Hkh iznku djrk gSA
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