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Pakistan Institute of Nuclear Science and Technology
P.C. Nilore - Rawalpindi

G/1'M:. SPECTROMETRIC AN.ILYSES OCOF
SHVIRONNMENT. L SaM LES AT PINSTICH - -

- {Results for the period Jan - Dec 1978)

(M. Umar Faruq, Nighat Parveen, Bashir ihued, i.bdul fziz)

LBSTRAOLCT

._Gadha spectronetric analyses of air and
. ' : b’t‘ne;r environmental samples from PIN3TITH

ﬁérevcarried out. ir particulate sanples
trere analysed by a Ge(L1i) detector om a
computer based multichannel: analyser.
Other environnental samples were analyged

" by a Na(T1) scintillation detector
spectrozeter and 4 multichannel analyscr with
manual analysis, ’ . ' '

Concentration of radionuclides in the media
w25 determined and the sources of their
production were identified., /.ge of “the 'fall
out was estimated from the ratios of the

. fission products,

1, IiITRODUCTION

Garmia spectrometric analyses of, the environmental
sanples were carried out under the programnme of "Environ-
mental Surveillance" at FINSTICH. Air particulate sanples
wére'analysod by a Ge(Li) detector épectronetric system on

N a computer based riultichannel analyser. Vegotibles, neat
' and other cnvironnent2l samples which have very sinplo
. ganma gpectra wer: analyscd by a NaI(T1) scintillation
detcctor gpoctroretor on a multichannel analyser without
conoutaorised analysis,
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The report briefly describes procedurcs of sanmpling
and ganana spcctronétrtcwanﬁlyses“ofuenyirOFWQnték nedia at
FINSTZIC{ and give; results of the analyses for the period
fron January to ‘Decomber -397284-~- - - - - -

2 Si.MPLING OF INVIRONMENT.L MZDIA ’ . A

The environmental nmedia sampled for gamnma spectro-
netry were air-borne partiéuiateég africultural products
including vegctables, wheat etc, and other itens such as
neats, poulfry, fish and prepared meal.

2,1 “Air Particuldates

idr was eappleéd by a hig: velocity centrifugal
fan Model 580/3 froom: Socomak Air Products Ltd. U.K.
through Delbag Micro-sorben-98 polystyreno filter
medium at the’rato'of‘409§m?/h. The flow rate of
air was accuratély?measufed»by.a loczlly designéd
"orifice flow mecter", . ir particulate filters were
changed every. week, pressed to a co1pact disc gemetry
of 6.5cm dia and 2cn thickness by @cans of a locally
dev1sed.hydrau{ic.p;qss”maching and analysed by gamma
spectrometry. Thq'fiqgl'shébe of‘the pressed filters
was identical to that of Hé 166 gamma calibration

source.

2¢2 JItems of Diet R . .

Vegetables, meat and’fish’ samples wore collécted
biannually from the local market, - Wheat sanpleq.werc
pfocured:from subarban localities on each harvest.
Prepared meal saﬁﬁicd from PINSTICE cafeteria were
collected cach month. 4 minimun of 3 to § kg. dry
weight of samples was takon for analysic,

These samples wgrc aﬁdlyﬁcd aftor ashing to
reduce the volume of the samplcs. Incidently ashing
is also precliminary step to’ thoe subsequont radio-

chemical analyses.

I U D . B
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adir particulute saﬂples which coatalﬁe a variaty
ot ficgion =nd activation radio nuclides vere andlysed by a
Ge(Li) detector having a resolution of_1.84 XeV F.7dM at
1332 KeV and an efficiency of 12.2 % for 1332 XeV gamna
rays relative to the effiency of a standard 3" x 3" NaI(T1)
Scintillation detector. The back ground of the detector was
reduced byan 8cm thick lead shielding with a copper lining
of J.5cm thick which absorbzd low energy X-rays emitted by
the ie&d. Ge(Li) gamma spectra were analysed by a POP-11/05
coaauter based multichuannel analyser IMC.. 8100._'¢:description
of txis systen is given in o separate report to be published.

. ‘. ..8hed vegotzble; neqtandtother food samples were
éhalysed by a 3" x 3% NaI(T1) scintillation detector which
had a resolution of 84 KeV (FWHM) at 661 KeV and 128.8 KeV
at 1460 KeV. The cofficiency of the detcctor was 44 % for a
point €s 137 source (661 KeV gamma onorzy) placed at a dis-
tance of 25cn from the detector. The detector was shielded
by 8can thick lead with 1nm thick copper linihg. The gamma
spectra weroz analysdﬂbychmpdring iatergatod counts under
various gamaa energy pcaks, '

&, RISULTS  ND DISCUSSION

. Table 1 shows concentration of gamma emitting radio-
nuclides in air at ground level at PIISTZCH duri:g the yoar
1978, Column 3 of this table lists fission and activation
products in the fall out from nuclcar weapon'tbsts and a
cosrogaenic radionuclide. The fall out radionuclides are
Co 1k1,144; Ru 103, 106; zr 95/Nb95 sb 125 and Bi 207. Be 7
is a cosmogoenic radionuclide produced in the “tuoaphero..
Those radionuclides have also bpep'reportud by other onviron-
=ontal ronitoring laboratorics‘coﬂductinﬁ fall out studies
(1,2)e The range of concontration of radionuclidos given in
thae table is conparable “to thAt roportod by theso. laboratories.
i typical Go(Li) gammna spcctrum of air samplcs is shown 4in
Fig 1,
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Column 3 of Table 1 gives radionuclides roduced in
the F/37-1 by neutron activation. _..g110M is qunﬁad.oy the -
irradiation of silyer in the. control rod of the reactor. Cr 51,
Lu 190 =2ad iz 203 are produced in the regctppipy neutron
activatica 2nd later .on these ;adionuglidesrare srocessed dn .
the rzcdio-isotore “rod;ction laboratory at TI{JSTICI, Cd 109

like ..£11Cnm is also an activation product zregeat in: the -
reactor effluent by virtue of neutron activaticn of the struc-

tural material of the reactor.

Table 2 gives radioactivity ratios of the fission!’
products Zresent in the fall out. The ratios of the fission
product activities of aprreciably different half lives is in
fagt a useful index for the determination of the "age" of the
fall out (3)e The activity ratios of 2r95/Cs137 and Ce144/Cs137
ctce are usually cetermined for rredicting tie age of fall out.

The 11}t;u .ratios of these fiééioh_product activities have been
calculated: from the fission yields of y230 by 14 licV. neutrons
(4y5). ;The initial ratios of fresh fissicn ;roduct# ares 2r95/
Cs137 = 15 =nd Cc1kh/Cs137 = 30.. The. decay of thesc ratios is
3ovefned by the rpspective half lives of the cormonent radio-
nuclices and can ‘be tabulated for reference. In the case of
Zr95/Csi37 the decay rate has the half life of almost 65 days
(the half life of 2r95) as Cs137 has comparatively long half
lifcs In casc of the injection of frcesh fall.out new ratios are
establishod after the expiry of some "disturbed pcriod" and the
newr ratios decay with the composite half lives of the component
racionuclides, These ncw ratios can be calculated knowing the
existi-g ratios at the time of the fresh injection and the fresh
activitj injectcd into the atmosphore (3).

In’ Table 2 the average ratio ‘of Zr 95/Cs 137 1n the
first four woeks of January 1978 is about 1.96, T*”ing the
inifiai':atib of 2r 95/Cs 137 as 145 and assuning the deecay
of this ratio with a uniform half life of 65 days during 1977
it ccn Yo ostimated that fall out. received at FILISTE C" in
January 1976 originated about 14 mon%h; back. Tnis fall out

. poe ol e+ 100 R b8 et s e o
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w5 from the chinese high yield atmogpheric explesion of
17th Wovember 1976 as given in our prévious roport ( 6).
Sinilar prcdictién can be nade if the decay of the other
fisscion procuct ratios arc followad, It :ay be =zcntioned
that tacre wias a nuclecar explosion by Caina on 17th Sept.
1977 =5 srells; but being of ;low-yield its fall out w.s not
. . received at FTINSTZCH as indic:ted. by the abscncc of short

livel 3z 14C-La140 which oxe indicative of the arrival of
frcaoh £all out., Similarly there was a low yicld cxplosion
~-by China in March 1978 which was alsoc not rocordod in our

£211 out necasurcaents.,

. Teble 3 and 4 show concentr.tion of gonma enitting
r-disnuclides in some items of diet. 1In most of the mezsurce-
'4mentp only K40, a naturd;l&'6ccurring.fadiohucliic is found.
Hornmclly its concentration in the méajiis more than its
; concentrition . in the bone. However in sance c.usces boane shows
- .”mofe %40 coricentration than meat. It a2y be due to an un-
.  .idontificd source of error .in the individual noasuféments
or partly it my be duc to ailafge st.tigtical aércad
_ Qibcubscd.beiow.- . '

It can be noticed from thé results roportced in
Tablo 1 4 tih t whilc th: order of a.gaitude of the concen-
tration of the garma cmitters in th: cavirommcut is the
. sancy thore is a considerablo sproad in tace individual
valucse Thege wide viriations caq;be expiain01 Y féllowss
no percentage deviation ih fhc*déformiuﬁtion of tho concon-
tration 45 ccntributed by the dcyidtion Jua to sammling (¢ )
and the deoviation duc to anhlyti?al tochnizues (€, ) in the
mengurenent.  Sanmpling variability can Do cstinnted by taking
a large nuniber of samploes. Such estimitces made by sone
. wvorkers give a maximun v.lue of 6; as 20 % (3). .nalytical
(in our case counting) orfor may range f£rom 4 to as high as
. 70 % with a mean value of about 40 % as 1ndicakodvby our

ganua spoctronetric analysis by the computer. The maximum

¢ ————— Y bt - Tl . b b 8 4l 8 1
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corposite (or net) deviztion will therafarcs be

- o t e . e 1 i . .
IR RERNEEN PR AR (LR § - ﬁdy be mentionel th:t another

variability duc to meteornlogical factors ih the casc of

air sampling may be much higher Jduc to rando-: processcs ‘

-invcelved in the atwmosphoric phennncna (3). In the reports - 4
. of sonme environnental mncasurement l.boratories an error

botwcen 20 to 100 % and in 1 few cases even-higher have -

ilso been indicateld in the measured valucs of the concen-

tration (1). - . ‘
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T..BLE: 1 Concentration of Gamna Emitting Radionuclides
in air at Ground Lev 1 at PI‘"‘T;C Dur:l*zr' 78.

. - : — _ —
Foed o § o} Zi‘mni e T T ff:i%ézis?::::““
Forth E ook : -(CFS,/Zn ) j!Ie- 141‘LCe- 144'"!\.1- 103:Ru- 106:z;~—95 LITb--95:Cs--137:Sb-- 125:81—2073 3057:1:;32::;apé:;;;§n-
06-01-78 - - 51.68° - 9.93 8.43 22,20 427 - = 279.85 co.
13-01-78  C.k1 - 47.86° - 8.92 5.85 17,67 - ‘- < 196.8% /G-110" - $,92
Jane 20-01-78  C.%6 - 33.26 -  11.16 6,84 17.32 2,98 - -~ 271.60 .
27-01-78  3.45 - 71.85 27 11.867 7.017 17.82 4439  7.53° - 191.28 .GS1I0L = 3.41
03-02-78 0.38 - 72,13 - 11.58° 6.85 15,12 - - - 180.71 ..G=110F = 1,72
10-02-78 .39 - 90.19 - . 14,47 7.39 17,46 5.64 §.9a - 243.71 | - .
Fobe 18-02-78 - - 93.49 - .-  13.90 7.9 16;07 5,82 §.?7 - 192.11 CR-51 = 6.%7
24-02-78 .45, . - .85.17 - 15.03  7.99_ %7.18 6.30 - = 169,82 .G-110M - izl&hi'
02-03-78 0.31 - 37.67. 2.41 6.30 3.16 .7.08 2,26 L.34 -~ 79.69 -
09-03-78  9.31 - 70.09 - 10,20 5.93 10.23 4.89 5.74 - 180.05 ..G-110i. - 3,89
March 16-03-78 0,28 ' - - 61.37 - - 7.43 464 9,22 4,11 - - 117.61 -
23-03-78 0431 = 75.46. - 12,06 5.1% 10.96 5.95 5.81 - 163.79 . =
30-03-73 - - 153.07- 31.10 -, 14,77 19.49 10,18 14,32 - 293,83 -
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Continus 27 Tre=rage -
(1) : kK o - . (4)
Feriod of | ; Radionuclides of f:illout -nd Coorozenic Origin ,”.eucﬁ?m
szmrling.. ! S : (co‘.centration y\,l/;\n3 ' ..ctivotion .
ilonth } Jeek J: =) §3e 141;ce-144 i - 103- '!u-lOG'..r- Sub-?sJ;Csf 13?',=b- 12'513,]1307§Be-7. ,{;ct'_gf“:‘i;;‘;')"
07-04-732 - 83.&8 13.86 - 5.92 - -
14-0%-78 S.44 62.80 110,32 L,75 - -
N~} o . ) .
21-04-78 - 111.06 ~18.94 - - G=1200'=31,77 -
23-04-78 - 61.29 7.54 - 4,26 - -
05-05=-7&, - 70.11 9.04 4,80 - -
ray . .
19-05-73. -° 71.64 11,04 6,04 - -
26-05-78 - 52,29 8.10 4,07 - -
02-06-73 - . 46,52 7.04 6,68 -~ 183,95 - -
09-06-78 - . 56.23 9.79 k.90 - -
June 16-06-78 - 57.93 9.19 L,71 - -
23-06-78 - 34.73 4,57 Y a4 1 L -
30—06-7‘3-’*“" ~4 had .’l‘g'. 52 6. 19 . = 063 - -
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Continued Irum Pra=rige ) (Table-1)
(1) () 3 - | ' r (k)
] v ~RadTonuclides of I:llout -nd Ccorosanic Cri i' ‘ b%acfor Corroasiza
Period of , Gross : (concentrution nCi/%m3) - ,and .ctiv.tion
oam‘plir‘.g %egir;{?"S \ ——— , T Froducts (conegr-
tlonth ! ‘Jeek :( B/ Ce~14: 90-144;nu-103:au-106;zr-95;Nb-95;cS-13?' b-:?S'Bi 207' 3e-=7 %raticn pCi/iu:?)
07-07-78 0.50 - 57437 - 5.83 - 6.46 - - - 93,78 -
1'!007—78 0.14 - n‘-’.37 - 11018 ¢« - ﬂola L.3.9“ Lol - - 69.89 -
Jul.
23-07-75. O.14 - 4,26 - 2.69 - 0.81 3.5% - - 43,91 -
28-07-78 0.18 - 8,250 - 3.06 - - - - - 109,16 3G-203 = 3,10
11-08-78 0.06 - Y - ..07' - - 1.2% - - 103,24 -
AUZe
: 18-08-78 0,06 - 6.15 =~ 1.31 - - - - - 74.83
25-08-78 0,18 = 5.68 - 1.18 - - 0.85 - - 95.23 -
01-09-78 0.2- : - 1249 - 2.68 - 5S¢40 1.39 - - 216,14 2G-703 = 1,76
08-09-78 0,09 - 16,82 3.90 - - 3.33 - - 282,74 CD-109 = 9,65
Sent, 15-09-78 0.2 e 10477 - 2,77 - - 1,40 - - 264,65 -
22-09-78 0,21 - 10413 - 1,84 - 4,93 1.i5 - - 243,01 -
29-09-78 0,23 - - - 1,47 - 4,08 = - - 154,24 CD-109 = 9,20
CR=51 = 17,09
HG=20% = 1,03
|
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Continucd From PreeFoge - (Table=1)
(1) vo(2) v (3) H (&)
Period of : Gross ; Radionuclides of fallout and Cosuogenice Origin SReactor Cirrosion
Sampling Ganna3 ' (concentraticn pCi/:3) land ctivation
Y n(c’\h G )! - - - T AN T A Y ——tProducts (conce..-
ilonth v Jeek i ’“’}“ iFe;IéiiCe-iqu“u-iosiau-166§zr- 5‘nb-95'cu- 13710 b-l:S'Bi- 07 Be-7 :trﬁtxongzc_[""
06-10-78 0,20 - 5450 1.58 - - 1,18 - - 290.75 3G=203 = 1.01,
N . - - CR=51 =29.04.
13-10-75 0.66 - e e 2.68 - 6.66 o - - 386.79 'iG-203 =10,12,
CR"Si =29.70'
. . . . "‘.U-98 - 0097'
Oct. CS-136 = 5.98
20-10-78 0.21 - 761 3.19 - - 1,60 = T - 266,46 1G-203 = 8.24,
MN-54 = 0,64,
_ CR-51 =12,08
27~10-76 = - 6.08 2.05 - 3.49 0,98 - 0,60 211,94 HG-203 = 2.67,
CR-51 =17.751
iAG=1101=12454,
C5-136 = 1.54
03_11_78 0.16 - : 3.69 - - - - - : - 80065 CR=51 = 6066
10-11-78 0.18 - . 6.27 1.26 - - - - - 168,39 CD-109 =12.11
ITove 17-11-78 0,18 - L.76 - - - - - - 124,59 5G=203 = 0487
. - . . : CR=-51 =10.73
24.11-78 0.26 - 7.57 - - 0.80 1,60 - - 125.49 i.G=110l= 1,26
01-12-78 0,13 L - 2,68 - - - - - O. 27 158.39 - :
03-12-73 0,10 - - 0,76 - ~- - T T e 107.24 1G=203 = 0,50
Dece 15-12-738 - - 16.74 3.78 - - - - - 195,11 . G~-110M= 1,75
23—12"78 0412132 - 8.78 1.92 - - - - - 159076 /.G=1101= 0088
29.12-78 0.26 - 25,05 - - 2.32 - - - 346,59 -
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T:;38LT: £ Radiocactivity Ratios of Fission Froducts din
the Fallout Received at PIIISTICI duri~ng 1978

———

ission rroducts ratios

" Sampling Period HE ' .,’..Sampling'?‘érihod ﬁ'«‘ission Products ratios |-
v L 1Cz-144/12ZR-95/ ! Zr-95/ ) V. o ot - . - -tc3e144 ! ZR-95/ ! ZR-95/ !
j Month 4 Yeek 1CS-137 1CS-137 §cz-144 ) jronth g dleek heq 4501 cg137 | cE-1kk !
y i - - = = * — = : 1
' 06-01-73 12,11 - 1.98 - 0.16 Ve 07-04-738 15.13 1.09 0.07 !
\J 1 1 ]
: 13-01-78 - - 0.2 3 14-0L=73  1%.23  1.15 0,08 !
' Jan. Coay Yapril : !
' 20-01-78 1790 2,30 0,13 N 21-04-73 - - - !
] L ) a ]
: 27-01-72 16,37 - 1.60 0.10 |} 28-04-75 14,40 0,63 0,04 }
G o o = N e L --—-r-.--—-‘:—-_—-—f-—4——‘- ——————————— —: T e 0 B S e = D P U Gy o - W e % ap W -t
’ " ' N H
' 03-02-76 - - 0.09 v 05-05-76 14,60 0,37 0.04 !
' ] ) '
' 10-02-75 . 15.96 . 1.31 _ 0.06 .} 1 17-05-78  11.82 0,58 0.05 . 1
! Febd’ ! ! May . !
' 18-02-73 15.05 1.36 0,08 v : 19-05-78 11.85 0.64 0.05 !
: ] P ‘ ) o
: 24-02-75 . 13,91 1.27 0.09 vt 26~05-75 12,83 0.97 0,05 !
S— ---------- -t G T e - gm - wn WS em - . Om e TR EP Wnun wn Y em e @ —--: ----- J: B 5— ------- TR AD @ D TR D e TR T MR WP AD R G R SO G SD D Wy S G TP S . - ---J:
’ , : HE ' ) ‘
: 02-03-76 = 16.70°  1.40 0.08 i1 02-05-76 06,95  0.43 0.06 1
' : vt : H
: 09-03-73  1L.33 1.21 -~ 0,06 ! 03-06-78 . 06+96 0.43 . 0.05 !
[ ] y ! . . )]
! larch:  16-03-78 16,97 112 - 0,06 . !June 15-06=73 12.29 0,43 0.04 !
. : [] : . : v ]
: 23-03-75 °  12.59  0.86 - .0.07 ! ! 23-05-78 14,22 . - - '
' L ) t
: 30-03-73 15,06 1.45 0,10 ! 1 30-05-73 13,36 = - - |
. r 0 []
] ' ]
[ J L'? - s ]



Continuec from Fre-Page

12 ~

U (fable-2)

| Sampling Feriod _ i . Figsion-Froducts ratios | | Saopling Feriod ~ ‘Fission Froducts ratios |
- S —————t 4 ' — . ;
Smonth ! Teel S C-144/  Zr-95/ E ZR-95/ E ! Month E Teel: ! c3-144/§,zn-95/ f ZR-95/ !
H ! y €5-137 | Cs-137 | CE- 144 1 : ! Ty Cs-137 ] €5-137 1 CZ~ 144 0
v . R R i . , '
: 07-07-73 - - - v 06-10-78 5.53 - -
' ‘ . . Pt . ,
: 14-07-73  17.49 - - 13-16-7¢ - - -
! July R i ! | Cct. . '
: 21-07-72  05.59 - - b £0-10-76 4,76 - -
v - v . . '
; 28-07-7C - - — Pl 27-10-78 6.25 - -
s_ ————————————————————————— e o W SR - " o= u - - —E -E—-————-’-———-—--—-———-—----——-——'--; ------------ ..;
' 04-08-78  11.10 - S 03-12-78 - - -
v * L . . !
: 11-03-73 06,92 - 2 Vo . 101178 - - -
! Jug. : v ! llove - : ' !
: 16-03-72 - - - b 17-11-78 - - -
[} - t 0 '
: 25-05-78 6.72 . - - bl - 2k-11-78 4,74 - -
i--'---‘--—--‘%““"'-_'_""".?“!‘-""-—“' -------- » ~----!‘ s—------------’----' ---------------- e manme- ------E
‘ [ B
: 01-03-78 8.87. - - v 01-12-78 - - -
: ~ ~ " : : - - :
' 00-0%-7G 595 - - 1 . 00=-12-78 - - - '
' ] . H
! Sept.  15-09-7¢ 7.67 - - ! 1 Decs  15-12-78 - - - i
: o A o vy ‘ '
: 2?—09—70 3081 - - . : : B Sl 12-'78 - - - :
’ . P - i
' 29-09-70 - - - R . 29-12-76 - - - '
' " : 4
v - )
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T:/3L3: 3 Ccncentration of Gamrad Imitting Radionuclides
in Itens of Diet - PTIISTIC =197C

avidibak

-~ Concentratas baelnw Aetacti~r VTixis

* Li ]
g ﬁ;ﬁ%%inﬁf g February - .anril 1973 § December 1978 g
' Type of (.E.ﬁross aanma ! Radionuclide.COncn.xlofgtcllsi‘ oss_Gamnai Radionuglid€1
' Saxzle ' CT3/is s : E Crs/is $Con52. H
] L ¥ -r Y ' /1 ]
: ' ' cs 137 ! X 40 : :::013;%20 ;
’ ! - 2 2 U . !Cs iR B
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Fig. 1: A typical Gamma Spectrum of Air Particulate Samples by a Ge(Li) Detector.
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