CHAPTER TIT

EXPERIMENT

T | Eﬂg}nments

3,11 Neutron Source: Thai Research Reactor-1/Modification-1
(TRR-1/M~1) which is a swimming pool type designed to operate at a
maximum power of 2 MW but routinely operate at 1 MW and has been

operated for 5-6 hours a day, five days a weck.
3.1.2 Counting equipments, composed of:

3.1.2.1 L Ge (Li) co-axial detector (ORTEC, Model 8001~
2021 ORTEC) has a nominal active volumec of 26 cm3 and a resolution

(FWHM) of 2.1 KeV at 1332 LeV of Co-60.

3.1.2.2 A ORTEC 4096 channcl pulse height analyzer

(Model 7030) with mini computer.

3,1.3 Mechanical shaker: Shaker with shaking heads, for
four separatory funnels from Arthur H.Thomas Company, Model 8292

B10.
3.1.4 Laminar flow ultra clean work station (Dexon, lodel

HT 53L-830)

3.2 Sample Collection and Sarpling

3.2.1 Sample Collection

About 180 head hair samples were collected from
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men, who entered into the priesthood on April, 1960, Bach whole
head hair was shaved off by a clean razor (very sharp) and stored
in a separate clean plastic bag with identification, and scaled.
Informations of the individual donor i.ec age, field of study or
occupation, residence, hair treatment and dote of collection,

were recordedc,

Fele2 Sompling
Gwing to the unforseen circumstances c.ge. shut down
of the research reactor, the delayc of a newly designed irradiating
facility, a malfunction of detector etc , only 50 szuples could be
analyzed, Consequently, sémples were selected in such a way that
they would represent all occupatione. or subjects of study, age and
residence., The selected samples for study were dividgd into five

groups, according to occupation or field of study, that is:

a) Private businessman,

b) Farmer and officer working in Maize Research
Center,

¢) College student in the field of engineer.

d) College student in the field of Science and
applied science, including chemistry, pharmacy, zoology, fishery,
forestry and agricultural science.

e) College student in the field of Jocial Science,

including political science and forensic science,

A list of selected damples together with their

occupation/subject of study, residence , age and character of hair
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Table 3.1 A list of selected samples together with their occupa-

tion/subject of study, residence, age and character of hair,

Occupation/Subject of | Age Residence Character of hair
study (Years)

Private businessmen
21 27 BK.13 S
.25 25 BX.12 M
F26 19 BK.12 L
Fa2? 22 BK.12 1, B
I'-28 18 BK.12 1
F.29 13 BK.12 i Soft

Farmer and officer

working in Maize

Research Center
C=25 21 Ayutthaya M
D10 20 Pathuw Thani L
B-11 32  |Nakhon Ratchasima 5
C--28 2%  |Nakhan Ratchesima 5

College student in

the field of Enpi-

neering
Ak 22 B¥. 11 Sq VP
B-5 21 BK.26 i L
B..22 2l BI.. 6 S
B-2h 21 BK.11 ; L




Table 3.1 (contd,)

Occupation/Subject of Age Residence | Character of hair
study (Years)

College student in

the field of Engineeggﬁ
-0 20 BK.6 s
21

B-25 BE. 10 M

College student in

the field of Science

& Applied Science

a) Chenistry
Dw22 21 BK.9 M
.5 21 BK.19 S

b) Pharnacy

A-28 21 BX.3 L
Cu 20 BK.5 L
Gw2 22 BK.5 L
C-16 22 BK.5 M
D=2 22 DK 4 5
BE-1 20 BK.6 L
B=13 20 BK. %4 L
526 20 BK.5 L

c) Zoology

A-22 2k BK.5 Very L

A-26 20 BK. 21 i, Thick
B-20 | 23 BK.9 1, Hair-oil




Table 3.1 (contd.)

L2

Occupation/Subject of

Age

-—-

L

|

ok

AL Residence Character of hair
Buey (Years)

d) Fishery
D7 21 BK.27 L
B-10 21 BK,. 7 M
=2 21 BK.6 M
F=b6 20 BK. 14 L

e) TForestry
B-15 20 BK. 9 L

f) Agricultrual <

science
D17 21 Bi.9 L
College student in the
field of Social science
-3 23 BK.23 M

Au23 20 BK.22 M
D=6 27 BK.2L M
Bw1% 21 BK. 2k S
B-13 2l BK. 24
Bw.23 21 BK.21 S
C=15 21 BK.24 L
C=19 22 BK.11 L
C--21 22 BK.11 L
D-23 24 BX.11 M
E.-6 20 BK. 24 M
T 22 BK. 21 M
.29 21 BK. 21 L
Fe11 22 BI. 2k 5
w13 ko 2e BX.10 L

S-Short hair (length < 1)

M=Medium hair (3'¢length »1")

L~Long hair (length ) 3%)

P=Permanent wavy hair

VPmVery permanent wavy hair
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of selected hair scmples

BK.13 Phra Pradaeng
BK. 14 Rat~Burana

BK.19 Nonthab uri

- BK.21 liin Buri

. Bk.22 Ram Inthra

BK.23% Zang Kepi

BK. 24 khlong Chan

. BK.26 Lang Na

v Bile 27 Sanmut Prekan



Table 3,2 Distribution of residence of the sanples

4

Residence No.of Identification No.
sample

BK,3 1 Aw28
BK o & 2 D-2,E-13
BK.5 - 2 Cu1,yC=2,C=16,526,A=22
BK.6 b Bw22,8=1,E-8,F2
BK.7 1 B=10
BK.9 I B=15,D=17,D=22, E--20
BK.10 2 Be25,F=13
BK.11 5 Awl;Bu2l4 Cu19,C-21,D=23
BK.12 5 Fu25,Fu26,7-27,F=28,F-29
BK.13 1 F=21
BK. 14 1 Feb
BK.19 1 T-5
BK.21 L Au26,Bw23,5=7,5..29
BK,22 1 A-23
DK.23 1 A-3
BK. 24 6 B=13,B=18,C<15,D=6,5«6,F=11
BK.26 1 B=5
BK.27 1 D-7

Ayutthaya 1 C~25

Pathumthani 1 D-10

Nakhonratsimg 2 B=11,C=28
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Table 3.3 Distribution of age of sanmples

- s cesmasmsae

-

Age i i Identification Nos
(Years) | sanple
18 2 F=28,F=29
19 1 F-26
20 11 Am23,A=26,5=15,C=1,D=10,5u1,E=b,56,E=13,
E<26 ,Feb
21 16 Au28,B-5,B=10,B~13,B=23,B=~24,C=15,C=25,
D=6,D=?7,D=17,Du22,Eu25,E-29,F=2,F=5
22 10 Auly C=2,0-16,C=19,C=21,D=2,Eu? F=11,F~13,
27
23 3 A=3,C-28,E-20
2l % A-22,B-18,B<22,D~23
25 1 Feu25
27 1 F-21
32 1 B-11
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was shown in table 3.1, Figure 3.1 illustrated the distribution of
residence of selected hair samples, In addition, grouping of
sample according to residence and age was shown in table 3.2 and

3.5 respectively.

3.3 Sanple I'reparation

3.,3.1 Washing Procedure

Each sample was Tirst washed three times with 200~
500 cm?of tap water to remove soap on hair which was used on the
shaving step and washed again three times with 200-500 cm?of
demineralize water, ~In éach washing, hair sample was swilled and
transfered from one washing teo another little by little by using
a clean aluminium tong (12"length). After washing, individual
hair sample was air-dried on a clean aluminium tray (8x12%) at

room temperature in a laminor air flow fumehood. (IFig.3.2)

Bach dried hair sample was divided into two portions.
The first portion, about 1-3 g , was kept in a clean plastic b@g
and named unwashed szmple. The latter, about the same weight, was
ashed by using the TALA's reccommended procedure (3). The detail

can be briefly described as follows:

Hair sample was put into a clean pyrex separatory

funnel (ZBOcm?) and washed with 200 cm3portions of reagent grade

03

acetone and successively, distilled-demineralized water, distilled=-
demineralized water, distilled~demineralized water and reagent
grade acetone, decanting off the washing liquid after each 10-

minute washing. The mechanical shaker (Fig.3.3) was uscd throughout
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Hair sanple with scep “1

Wash threc times with

1) Ten water

| 2) Denineralized water

Dry at room temperature in
laninar air flow station

3

P

Divide into two portions

{

{

washed sanple-W

o 1

48

Portion 1 !

Portion 2

unwashed sanple

Wash by using reconmended procedures:

-

200em?of acetone,; water, water,
water, acetons2
dry at room temperature in laminar

air flow station

‘ Cut to 0.25-0.5 cm. length with

clean stainless steel scissorg

-

1
1
!
i

Store in clean Polyethylene bottle

Fig.3.4 TFlow chart of sample preparation
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this washing step. After washing, hair sanple was air-dried on
the clean-aluminium tray at room temperature in the laminar air
flow station. The sample was stored in a clean plastic bag and

named washed sample.,

2.3«2 Gucting

Both types of sample were cut separately to a 0.25~
0.5 cn length with cleaa siainless steel scissors in a lomindr air
flow station. The hair was stored in = clean dry polyethylene
bottle with identification, The sample preparation schene was

shown in the form of flow chart in Fig 3.4,

3,4 Qualitative Analysis

The determination wes divided into three groups according
to the half life of activated radioisotopes i.e¢ short, medium and

long-lived radioisotopes respectively.

3.4,1 For short-lived nuclides.

About 400 mg of hair sample was put into a clean
dry polyethylene vial of ca., 1 ml capacity with a anap cap, heat:-
sealed, and placed in a Rabbit container. Sample was irradiated
in the pneumatic transferring tube system of TRR-1/li-1 for 2 minutes

L n cmwasecuq. After cooling for some time,

at a flux of 1.8x10
the irrsdiated sample was counted by CRTLC Ce(Li) co-axial detector
coupled with a 4096 channel pulseuheight‘analyzer (ORTEC) for 2

minutes., The spectrum was identified and recorded., An example of

spectrum was shown in Fig.3.7.
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Contadner for irradiation
polyethylene vial and countainer
guertz ampoule and aluminium container

oil sheet &nd aluminium container

4
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34,27 FPor medivn and lonn-lived nuclide

About 40C mg of hair sample was encapsulated in a clean dry
quartz ampoule and placed in a aluminium container, Sample was

irradiated in a wet.facility of TRR-1/M=1 for 15 days (about 90

T -2 ~1
n

hrs.) at a flux of 2x10 cm see . Aft

@

r an appropriate time
of cooling, the irradiated sample was trensferrecd into a clean

dry polyethylene bottle and counted on the Ge(l.i) detector coupled
with a 4095 channel pulse height analyzer for 1000 and 3000 secends
for the investigation of the mediupm-lived and long-lived nuclides,
respectively. These spectruns, were identified and recorded
in which the individual example was shown in Fig.3.8 and 3.9

respectively.,

In case of the determination of Potassium, since the half
life of K-42 is not too long (about 12 hours) and could not be
determined by the method described above, the technique must be

modified as follows:

About 40O mg of hair sample was wrapped with aluminium
and placed in 2o aluminium can, Sample was irradiated in Rotating
Specimen (Lazy Susan) facility of TRR-1/M~1 reactor for 2 days

11

(10=12 hours) at a flux of 4x10 'n cm—asecuq. After cooling for

about 10 hours, the irradiated sample was unwrapped and transferred
= =1

into o clean dry polyethylene bottle and counted on Ge(li) detector

for 1000 sceconds.

3.4,3 The Interpretation of Gamma-Ray Spectrum

- S e

Since a radionuclide is characterized by its half-



(LE-8)A®N 201€
(6+-DD )A2N #BO'E

(b2-ON) IPGL2

=
<
v —
> o (LE-S)IAMNI6S 2
N ] (68 -DD)ABNELS'Z
0 o
2 £
c
s ~
£ EceQ
% E E E .u (PZ-DN)AIN E#22
SN v N = (8BS -10) ABNL91°Z
4 mw h on (9G-UW) ABN 921172
L (2£-5) A®NBO'2
= > w (6% -2D AN 290°2
o o
Hm.- & & =
@ = g E +
O = = « ©

(9G-UW)IAZW I
(8Z-1V)A3nBRLL

(F2-PN)APNZEL
(BE=-12)AN 2+9°|

(2E-A)ANPEP

(P2-DN) AW SBOE

(1P -1V)ABN9CE 2’
(BZ-IVIAPNBLIZ'|

(99-n3) AW EEOI
(Lz-BH)AMNEIO]

{22-BN
+5S-UN)ASN.¥B O

(96 -UN)ABHNESRLD
(B2-IVIASNLGLO
0

-B 2
(801-0V ) Asne R 6 I ASHBES 0
108 26 AR Iiog

(08-18+88-9H)APWCIS O
(8Z1-1)ABW I++0

(15-1L) AANO2E0

| T | ¥
120 60 200 240 280

80

(925 021/54UN0d ) ALIAILDV

CHANNEL NUMBER

\|n
N

THE 7¥-RAY SPECTRUM AFTER 2 MIN, (Short - lived isotopes)

Fig.3.7



1040

—
= L ]
£ o F
o 2
>
e ° W
x = TS
N S ;
w, afl
o © 1] m
'ﬂm » ® =
ELEXy, W Wy
8 S 7 (@] .
= £ m s (P2-ONIANWZEL] -
O 0V =W
s n n n L]
-~ Eoy (Ot1-07) A2 9651
7 3 &
- -
O + +«= = B8 (28-18) AP bLYI
{(OF =N)AIN 09¢'I
(#2-DN)ASK S89€
(2B-18) AN LIE'I
(P2 -DN)ASN SIIT
(Ze -18) A2 b +O'1
(ze-41E)ASW B2ZEB0
(28-18)APHE9LL0
(28-48)A2NBES0D
(92-3V)ANLS90
TR
(94-8V ) AORAELE Oy (¥21-9S)ANE090
(28 -18)AH S5 0F
AW IS0
(W9 -UZ)ABW BEP O
(B6I-NY)ABNZIE'O
(G2-95+¢02-BH)
AINGLZ O
egl °gl ol "ol “gl ol e

(28s OOOE /siunod ) ALIAILDV

880 960

CHANNEL NUMBER

800

160 240 320
THE ¥ -RAY SPECTRUM IAFTER 5 DAYS (Medium-lived isotopes)

80
. 3.8

Fi



¥
= o
@
i 'S
5 2
3 ® = (P21-9S ) AN 1691
w = o
x o
o = -
T = Ye
o B ¢ o
- [ =]
8 v 2 Vs
a0 L m (= (woli-BY)APW GOS'I
...w & = »
o Y = N 938 (OP-MN)ASHOO¥|
- W W m R
_— F o ]
= m 2 (WO I1-BV)APKN $BE I
s b= m
e Efs (09-02) ASW gl

(9c-ed)APN 262'I

(09-02)A2NELI

=z e —— S

50K

(E9-UZ)ASHNGII

AN LE6°0 (Woil -By)AeN LE6'0

(9t ->S)APWERB O

AN $¥BBO (wol-by)AeW B8O

(won-bv)Asw #9820

(woll-BY)AN L590

( v21-95)A®H 090

AN 1150
(I€1-P8)ABNSEY O
(181-4H) ABN 2840

(SL-9S )A®W 1040

(15-42)A2N02E0

(Gi-8S+€02-BH)APNGLZ O
(SL-95)APKGSZ 0

(§2-2%)
AW OIEI0

160

T
80

960

880
CHANNEL NUMBER

800

400 480 560 640 720

320

(225000€ /siunoed ) ALIAILOV

THE ¥ =RAY SPECTRUM AFTER 20 DAYS (Long - lived isotopes)

Fig. 3.9



56

life (t,,) and the emitted gamma radiation (s), the interpretation
/e

of gamma~ray spectrum involves:

1) 16cating photopeaks in the spectra,

2) determining photopeak energies from calibration
curve which is done by plotting between the energies of measured
gemma roys (vertical line) and numbersof chennel in which = ¥ -rays
occurred  (horizontal line),

3) calculating the half.life of each radionuclide
by following the decay of radionuclide-as a function of time.

If the radionueclide emits more than one ¥ -ray per
disintegration, both th¢ ¥~ray encrgies and their relative inten-

sities, characteristic of madionuelide, are also calculeted, If

two photopeaks are overlapped, the activities of the interested

photopeak can be determined by using spectrun stripping methed.

This nmethod is performed by successive substraction of the various
pure components until the photopealk of interest is frec from inter-
ferring activities,

L) Comparing the energies of ¥ -radiation (s8), half.
life, relative intensities of each radionuclide to the value(s) which

was ~. reperted in the literature,

3¢5 Quantitative Analysis.

The concentration of 2an element in a sample can be calcu-
lated by using a comparative method, In the comparative method an
element X in sample and a known amount of the same clement X as a

standard are irradioted together and counted under exactly the same



conditions by the same rodiation detector, The equation by the
comparative method is

Atsample
Atstondard
(Be)

weipght of element X in sample = Ax* in sample e

P

weight of element X in standard Ax* in standard e

mowing the cctivities of x*, Ax*, in the samplec and
standard, the gfample and stardard decay time (t) and weight of X
in the standard, the weight of elemnent X in the sample is then
calculated., The activivies of x* is the net energy peak area
which can be calculated by using a method described by Das and

co-worlker (65),

3.5.1 Standard Reference Matcrial (SRM)

In comparative meﬁhod os menticned above, SRM was
used instead of standard solution. In this study the IABA Soil-5
and Lake Sediment (8L=1) and the Nationzl Bureau of Standards
(NBS) Orchard Leaves (SRM1571), and Bovine Liver (SRiM1577) were

used in which their details were shown in table 3.4,

AS)

Irregiation, Counting and Calculation

Each weighted hair sample anc all the Standard
reference materials were individually enclosed in nolyethylene
vial or quartz capsule and the whole arrangenent was putidr the poly-
ethylene container or 'in aluminium can. Sample and SRM wvere
irradiated together and counting under the some configurations

as shown in table 3.5.

Only the case of medium and long irradiation, a
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weighted pure copper shect was attached to outside of the quartz
capsule @s a neutron flux monitor, After the irradiction was
finished, both samples and SR were separately transferred into

the now clean dry polyethylenz bottles and reweighed,

The concentration of each element in each hair
sample was calculated by using the comparison method as in
equation 3.1. In this wmwethed, the net peak arca of a chosen
gomma~ray energy of cach choscn nuclide in sample and SRM were
compared, The cheosen gamma-rays were marked with an asterisk
on the corresponding nuclides as in table 3,6.

3.6 The Reliability Test for Analysis ilethod.

The relicbility in quentitative analysis is based on both
precision and accuracy. Accuracy of a procedure can be evaluated
by onalysing clements in a well-homogenized geologicsl standard,
While the precision or the reproducibility of analysis is charace
terized by the standard deviatiou which can be evaluated by the

replicate analysis of a homogeneous sampl e,
The reliability of the analytical methods used in this
study was previocusly tested by analysing IAIA Powered Human Head

Hair, HH-1. The result was shown in table 5.4,
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Table 3.4 Standard Refercnce Materials (SRM)
1 S i i - =
Element ke Concentration of clement (ppm) . ;

) S0il=5 |Lakc Sediment | Orchard leaves | Bovine liver
Ag (1.9:40,11) ! ek o 8
AL 8190042800 - :
As ~ - b2 F2
Av - — 0,004%+0,002 -
Ba, 56253 / = .
Br - - (10) —
Ca . 20900300 -
C1 3 > : (700) =
Co 14, 820,76 b =
Cr 28.9+2.8 - :
Cu =] - 12::1 =
e - Vol 30020 -
Hg e . 0,155£0.015 . -
Hf 643040, 38 ~ = s
I (35) = - —
X 1860041500 = F =
La 28.121.5 Ny — cal
Mg - - 62004200 =
Hn o E 91l =
la — - 8246 -
#h g S T e 12::1 8
Sb U ,3:2,2 L] . —
Sc 14, 840,66 — < 2
Se S - - 1014041
Sn (h.2) — i - o
i 51704370 | St £
v —_— 170415 = =
sm i 130+10

( ) Information value only

“Value reported by Das and Co-Workers(65)



Table 3.5

Survey of irradiation and counting detail

P P

Group of

nuclides

(Thernal
neutron
fluz,in

-2 i
ncm sec

i B A T e A e WY o

Container

Time of

tion

P P

Time of

cooling

50

T —

Time of

counting

Short-
lived

Ti-51,
T-128,
Br-80,
Arabq*,
Mg-27,
Cu~66,
Ve52, .
Cl-33,
£1.28,
1in=-56,
Ca--49

HMediun-
lived

lg-197,
Sm-153,
*Np(U) -
239,
Au~198,
Sb-122,
As-76,
W*.187,
Br-32,
Naw2h,
La--140,
4r*=69n,

*Cu~64,

f—

Pneunatic

(1.8x1012)

Wet tube
(2x1012)

polyethylene
vial (co Tem?
capacity) in
Rabbit containen
(2/9¢3,dx8.0

cn)

quartz ampoule
(1.2cm i.dx8cm)
in alupiniun
container (4,0
cm i.d x 22.0

cn)

15days
( 9Chrs)

mn

min

'Sdays

IR

1000s¢cc




Table 3.5 (contd)

61

Hf-181

.

Group of | Facility Time of | Time of |Time of
nuclides | (Thermal irradia-~ | cooling |counting
neutron Container tion '

flux, in
ncmuzsecmq)
K*=li2 Lazy $Susan Ll-foil 2 days 18hrs | 1000sec
(4x1511) shect (3.5 ( 12hrs)
crl | X . SeHcm)
in aluminiunm
container
(2e2cm i.d X
10.5¢u)
Ce~141, Wet tube quartz 15days 18-21 3000sec
Ba-131, (2x1012) ampoule ( 90hrs) days
Se~75, (1e2em i,d:
Hg--203, x 8em) in
Cr-51, aluminium
So-12k, container
Ag=110m, (4,0cm i.d
Sc--h6, x 22.0cn)
Nb=386,
Fe-39,
Zne65,
Co-60,




Table 3.6 Nuclear Data far the Blemenl #n head -hair sampless

slement Stable |DNuclide |x-sect.® %ﬁbunna llalf Gamma - ray energy (MeV) B
isotope | produced| (€,barn)| -dance life (Intensity: Number per loo decays.)
AL a1-27 | a1-28 0.235 | 100.0 2.31m 1.7788(100.0)
By 3r-79 | Br-80 8.5 50452 17.6m 0.511 (5.01), 0.617 (7.2), 0.666
(1.10)

Br-81 | Br-82 3.0 49 .48 " 35.k4h 0.54434(72.5), 0.61910(39.6)
0.69836(28.0), C.77650(83.20)
0.82779(e4.20), 1.04400(c8.C)
1.31743(27.0), 1.47488(17.0)

Ca Ca-48 | ca-49 1.1 0.185 8.70m 1.40890(0.62), 2.2290(0.26)
3,084 (91.7), 4.07190(7.0)
cl c1-37 | <1-38 Ok 2h 47 373 12 1.64240(32.8), 4.16?55(u4.0}
Cu Cu-63 | Cu-6h 4.5 69.1 12.8h 0.5110(37.0), 1.34576(0.48)
cu-65 | cu-66 23 30.9 5.10m 0.8336(0.25), 1.03900(9.00)
I I-127 | I-128 6.4 | 200.0 24.99m 0.44289(17.50), 0.52662(1.68)
Mg Mg-26 | Mg-27 0.027 | 11.29 9.48m 0.84376(72.0), 1.01440(28.0)
Mn Ma-55 | Mo-56 | 13.3 | 100.0 2.576h | 0.8466(99.G), 1.8112(30.C)
2.11260(15.5C), 2.5230(1.5C)
Ti Ti-50| Ti-51 0.1k 5.25 5.79m 0.32000(95.0), 0.92850(5.0)
‘ vesi| V-52 | 4.9 99.76 3.75m 1.43420(100.0) )
AG A8-75! =~s-76 4.5 100 26.3h 0.55910(%k4.6), 0.65710(6.4),
1.21625 (3.70)
» v v

29



Table 3.6 (Contd.)
wlement stable | Nuclide | x-sect.?® | %ablun-* Ha1f® vampa-ray energy (MeV) b ]
isotope | produced (£,barn) | -dance. life (Intensity: number per loo deczys)

Au Au-197 | Au-198 |98.8 100 2.697d 0.41185(95-53). 0.6758 (0.83),
1.08768 (C.1€)

Hg Hg-196 | Eg-197 BoO 0.146 | 64.1h 0.06881(36.1),0.07735(19.5),
0.0779(12.63)

Hg-202 | Hg-203 5 29.8 46.5%9d 0.2?91?(81.5J', 0.07287(6.4)

Na Na= 23 | Ng- 24 0.40 100 15.0Ch 1.36855(100J. 2.75410(199.83)

Sim Sm-152 | Sw-153 pR10 "26.63 46.8h 0.04090(16), 0.04154(30), 0.1041.2(13)

$n 80-116 | Sn-117m | 0.006 14,24 | 14.0d 0.15840(65)

b 8b-121 | Sb-122 6 57425 2.70d 0.56408(63.0), 0.69276(3.27)

S$b-123 | Sb-124 | 3.3 42.75 | 60.20d | 0.60271(98.10), 0.64584(7.2)

' 0.72£78(10.8), 0.96822(1.8)
1.04512(1.84), 1.36821(2.544)
1.69104(50.0), 2.09120(5.5)

La La-139 | La-140 8.9 99.911 | 40.27h 0.32875(21.3); 0.43255(3.1)
0.48705(45.7), 0.75179(4.5)
0.81580'23.6), ©.867861(5.6)

| 0.91960(2.5), 0.92525(6.8)

E 1.59620(96.0), 2.52183(3.25)

W N-186 | W-187 | 4o 28.4 2%.0h 0.13424(10.1), C.47948(26.6)

| 0.55147(6.0), 0.68570(32.0)

l 1 | 0.77284(4.8)
a 7 Y
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Table 3.6 (Contd.)
: ' —————
| clement | Stable Nuclide |x-sect.® %ablun-a Halfb Gamma-ray eaergy (Mey) bl
isotope| produced|(é,barn) | -dance. Life (Intensity: number per 10J <Jiceys)
In Zn- 68 | Zn- 69m | Q.1 18.56 13.8h C.43890(100)
Zo- 64 | Za- 65 | 0.46 48.89 |245d 0.5110(3.10), 1.11552(48.8)

K K-54%1 | K- 42 1e2 6.77 12.36h 0.3129(0.3), 1.52&?5(1?.9)

Ag Ag-105 | Ag-110m | 3 48.65 250.4d 0.65??5(94.4), 0.67758(11.1)
0.68695(6.8), 0.70665(16.6)
0.74426(4.5), 0.76292(22.5)
0481799(£.95), 0.88465(73.5)
0.93745(34.3), 1.38424(25.9)
1.50495(14.02)

Ba Ba-130 | Ba-131 8.8 0¢1=0.13| 11.5d 0.12375(32), 0.21601(21.0)
0.37315(13.0), 0.#96?5(#1.:)

Ce Ce-140 | Ce-1%1 0.6 88.48 2.38d o.145u5{49.3o}

Cr Cr- 50 | Cr- 51 |17 4,21 27.84d 0.32015(9.80)

Co Co- 50 | Co- 60 [19 100 5.263y 1.1?323(99.88), 1.33252(100)

Fe Fe- 58 | Fe- 59 1«1 0.31 44 ,6d 1.09927(56), 1.29155(#4.0)

Hf Hf-180 | Lf-181 |10 35.22 42.5d 0.13305(41), 0.13625(6.9),
0.34595(12.0), 0.#8;15(33.0)

Rb Rb- 85 | Rb- 86 | 0.9 72.15 | 18.60d 1.0786(8.8)

Sc Sc- 45 | Sc- 46 |13 100 83.9d 0.88930(100), 1.12050(100)
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Table 3.6 (Contd.)
. aluy, al .. b A bl
Llement otable |Nuclide | x-sect. |%Ablun-"| lialf Gamma-ray energy (MeV)
isotope | proauced (6,barn) | -dance. Life (Intensity: number per 100 decays)
Se Be-74 S8e-75 30 0.87 120.0d 0.12110(16.5), 0.13590(58.0)

0.26450(58.5), 0.2795(25)
0.40070(12.0)

* snergy chosen for quantitation

a Villforth, J.C. and Shultz, C.R.

(eds) sadiological Ilealth jiandbook xevised Fdition

U.5. Department of Health, Education and MWelfare rcublic nealth Service, Maryland, 1970.

b. Brdtmann, G. and Soyka; W.

Mass HNumber 3

"[he Gamma-Ray Lines of Radionuclides, ordered by sntomic and

Part I." J.Radiocanal. Chem. 26(1975): 376.

o
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