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Abstrut-Use of a yringe shield to minimite the radiation dose to nuclear medicine
technologists from "*Tc during kit preparation and patient injection is considered an
integral part of an ALARA program. This paper discunes various parameters which
should be taken into account in the design of a shield, and esaluates the efficacy of one
in-house f abricated and two commercially available shields.

HisIORY all injections are done with I ce capacity
Tur s wienoni growth of nuclear medicine tuberculin syringes, while at H and C, 3 cc
over the past decade coupled with an in- capacity syringes are used. In both cases, the
creasing concern over occupational radiation syringes are plastie disposables,
esposure has resulted in the need to seek out The second design parameter studied was
and eliminate various sources of occupational injection technique. Of the tw elve tech-
radiation esposure (NRC79a). In a nuclear nologists observed at the three institutions,
medicine clinic one of the first targets is the seven held the syringe as show n at Fig. 2.
unshielded syringe used to inject a radioae- Two held the front of the barrel during
tive compound into a patient (NRC79b). venipuncture and then walked the fin;;ers to
Various groups have attempted to determine the rear of the barrel for injection, Ilushing
radiation dose to the fingers and reduce that and removal. The three remaining held the
dose through the use of syringe shields front of the barrel during the entire pro-
(lla76; lle73; 11074; llu71; Mc69; Nc69). eedure, using their second hand to manipulate

the piston. The need for this general handling
technique, which yields the control and sur.

PAR uttil R% IOR DEsH;N (ace.needie angie necewary for sucecufui
As with any radiation shielding design, the senipuncture, is the origin of much of the

relative geometry of the source and regions dissatisfaction among technologists with
of interest is critical and must be well defined many commercially available shields. For any
before initiating shield design. Iwo of these given shiciding material, dose reduction
parameters, volume injected and injection improves as the thicknen is increased.
technique, were studied at three large medical llowever, the increase in thicknew forces an
institutions. increase in the venipuncture angle, which

injected solume data for the three in- reduces the probability of a sueecuful in-
stitutions are presented at l'ig. l. fihe lower jection. It may aho be noted that balance i
volume at institution A is due to the practiec critical in a design which will allow the tech.
of mising kits with the lowest volume of nologist to sucecufully enter a vein with the

,

pertechnetate recommended by the kit 0.7.m m outer diameter 22 gauge needle
manufacturer, while institutions H and C use t>pically used.,

the largest volume recommended.) With its Other more easily defined parameters of
,

smaller agerage injected solume, at A almost course include linear attenuation coefficient
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110. I. I requency distribution of solumes of ""'Tc. labelled pharmaceuticals whieh were
injected oser a 1. week period at three general medical and surgical hospitals.
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l'IG. 2. Common geometry of a p.itient, technologist, and gringe during senipuncture and
,

injection of imaging agents
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of the shielding material. its metallurgie pro. life of 6.03 hr (lla76), and negligible syringe
perties, and availability. wall attenuation were assumed. Time delays

; between end of exposure and readout were
j I:si t Histt.N I \1 Rt st 1.1s controlled to minimite errors due to fading of

|
Using the jig shown at Fig. 3 the finger the TI. signal. Data for 0.5 and 1.0 cc ""Te

o exposure exprewed as mR/ mci min was pertechnetate in 3 ce plastic s>ringes appear,

j + measured for both 0.5 and 1.0cc volumes of at Tables I and 2 respectisely. Coeilicients of
j pertechnetate in a 3 ce syringe unshielded, variation tS.D. * mean, indicated as s + p) are

with a leaded glaw shield, with a tunges- also listed. Fise separate runs for each com--
,

ten / aluminum shield (both commercially bination of shield and volume were made. i

available), and with a 1/16-in. lead shield For the unshielded syringe, the data fall as '

) which was fabricated in house. Sketches of expected, i.e. decreasing rapidly with dis-
| the shields are superimposed on Fig. 6. tance from the source. The tungsten /alu-

Exposures were measured with I x I < 6 mm minum data may be perplexing at first blush.
Ilarshaw fl.D-1001.iF rods tila77) using a in this shield, the front portion is fabricated
modification of the Ehrlich heating technique of tungsten, which provides excellent shield-
( Eh74). In each case a pertechnetate-loaded ing for the indes tinger. However, the thin
and calibrated 9 tinge was placed on the jig rear aluminum sleese provides only a factor
for several hours; the cumulated mci minutes of 2 shielding for the mid finger, and negligi-
was calculated. Directional sensitivity and ble shielding for the ring hnger, lloth the
energy dependence were assumed to present leaded glaw and lead shields proside shield-
negligible error tMo77). Ilefore each run. ing for the indes and mid finger; un-
each individual rod was calibrated in the jig fortunately, the ring tinger is almost in direct !

at Fig. 4. li of 0.72 R-em / mci hr and half. view of the dose. and is definitely within the2
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l 'H , 4 Il D calibr.ition jig Rotis are in wood cutout, n.5 cm' perfechnet.ite is 10 0 cm
(list. int in sm.ill 9 tinge at right

lable I. linerr reposure inom n 5 sc **' Tc m 1a pl.utw unner
__

i n an u. a i o. a . ,i , n ~n i .m r., i r ,n , ei

m ir t v iid nog n.fe t sf nna ,ide s vml e ing m.f c t nid e .n g

n< W e , i n.4 i m,n o sa o? 0 14 o is '4 o !? o il ,t i s m, o s4?g 0 + s e.4 it am o .ei! q 0 + s ee

4 ' i
.,'e

: ?it !w n4; nii ? i .. o o,; ii . . ; ,o : i n4s, ,.
_

lable 2. lineer espanure from | n a ''(c m t a plastw nnner

i na,nr.: i o. ci. n s i u , n,, i , .f1-.i..., i m ,,1 w.i

n.te s ,+..) o,g odc g nud . n.g nac q si g o,g n.le t no.1 ing

ee it e .n mt , om | 4 o l' o 16 o a e re o 'o o 14 o se l oa+4 o .s sa o tsi s o is.14 o tsin ?
'

E P; lo a i 4,' ] | 4 f. ', |t ] ! ajl. U i' 8#| I ll) I') j ll O |, p

(one %I hIlnIaIh sint %(d!!erel I.il iilk on L IIe to t l( n el litf to c$det) I(fr(IlU(( the
ell 1.inatilig froni the scar of the 9 tinge barrel rel.itise geonietry of the niittge, shietti , irid
(sec l'ig. 3). II,|h fron1 rull to rllrl. Io einen this pou

lhe small coellicients of s.iriation for the sibihty, autoradiographs of shielifett y ringes ,

unshieldet! 9 tinge data suggested that the with 1.0cc pertechnetate were taken. The
relatisely poor reproducibihty of the various autoraitiographs are show n at l'ig. 5, and the
sfocid data, with coellicients of sariation asial optical (fensity of the autorattiographs
ranging from 9.6 to 80?;, may han been with the yringe and shield superimposed
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l'IG. 5(c).

I:10. 5. Autoratliographs of shielslet! y ringes w it h I Oce perfechnetate. A tung-
sten / aluminum; il leaded glan, C 1/lhin. lead. I oeation of I cc solume in each

9nnge is highlighted.

i appear at l'ig. 6 I All autoradiographs were without glau. IWe prefer the shield without
I taken with (i Alt SR 2 film in Kodak Lomatie glaw because the glaw can break if dropped,

regular canettes. It mas aho be noted that an and the glue used to hold the glaw in place is
unshielded 9 tinge vields a slightly elliptical compromised by the chemicals in both
but otherw he umemarkable autoradiograph.) commerciall> as ailable decontamination

Reali/ing that absorbed radiation dose in solutions used at this institution. 'Ibey are
{ tinue is critic,Ill) depentlent on spectf um at aho leu espensise.) I rom technologist in-

low energies, spectra were taken by laying tersiews. it h noted in paning that the NRC'
,

each 9 tinge and shield on an uncollimated 9 tinge shield esemption for pediatries
lij !in. 371'M I' Anger camera. t he spectra, ( N RC 79a) should be esplicitly espanded to
reproduced at l'ig. 7, appeared to be hotro- include all patients with recewed seins.
pie. ICquipment suitable for further in. (iisen that. finger espmure commitment from

i

sestigation of thh parameter is not asailable injections might still be sigmficant!) reduced '

at thh institullon. with the implementation of a 9 tinge shield i

program. I
Ihe 13 month use of the in house fabri- ,bl4 I "10% cated yringe shield (1/16in sheet lead, rolled |

Whde all nringe shielth reduced the indes and dipped in a plastic grip compounit to ;

linger espmure at least 20 fold, the etheae) eliminate lead skin contamination) has not
|of the s arious shichh in reducing the reduced the estremities esposures at thh in- .

espostire to the middle ath! ring tingers saried stitution .ns indicated by commerci.tlly pro-
IIom 0 to 250 fold |t is aullmell th.It thullib ce%ed ||.|} rings. I hh h of no signlliCance, e

espmure h equal to rniddle linger espmure. honeser, became the cumulated depart-
|t ,lppears tilal, of the litree sIlleids etlinined, mental espostire is a function of patierlt load

,

, the masimum metall reduction is prmided and technologist rotation, complicated by ring |.

| by the lead sleese t > pe shiclJ. with or use habits tworn on the indes, inid, or ring '

f
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finger and facing the palm or the surface of fle73 lienson P. W.,1973, " Radiation Ihne to
the hand) and technology student rotations. It the Skin in Contact with Unshielded Syringes
may also be noted that the flux gradient, Containing Radioa ctis e Substanees" Hr.1
most dramatically exhibited by the Radiol. 46. 972.

Ho74 flowley J., Green Af., Dickinson 51. .autoradiographs, renders the TI.D ring
exposure monitor no more than an order of Ad.uns E, % agner R, Hroseus R, Jones A. and

.

y
magnitude indicator. Johnston A.,1974, ,' Radiation Safety m Nuclear

Afedicine" San Diego Afnting of the Society of ,

Nuclear Aledicine.
,
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