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ABSTRACT

The aim of this review is.to'provide an>overview of the tech- |
niques .whiclzh have been de{reloped for meaéuring' tritium in various
‘media. The main.emphasis is on measurements for surveillance and
protection in environmental and occupational sil:u.ations. _Tritiurﬁ
measurements in specialized research applications-arve ﬁbt treate.d in

- detail. Overviews are firsf provided of the physical characteristics
of tritiu;m;‘ of the sourc.es of and typical levels of tritium concentra-
tions in the natural environment; and of the radiation protection guides.

The various measurement techniques are then discussed.



1.  INTRODUCTION

"Triti.’urjr.)"(the hydrogen isotope .of‘v rhaes 3) 'rs’_ oue”of "the ruost im-
vportant 'radioaetix}e nuclvi“des released '.t”o the environmeut dwuring. the nor-
mal operatlon of light water nuclear reactors and their fuel reprocess— S
ing plants Tr1t1um is produced pr1nc1pa11y' in ternary f1ssmn in the |
reactor c_:'_p}ié _and to_a much lesser extent by activation of th_e :primar}r '
cooling wa.te.r; The 'fisrsion.yi»e'ld.‘ of tr‘itiurn (tritiuru atoms per fissiou) o
is aboutZO 01%(1) ‘and in vfuerl. ready fvor. reproceSSi.ng" ('<":1-50 days o’t"cool-'

(1)

down( it is present at- the level of about 700 cur1es/metr1c ‘ton of fuel

Trltmm i also produced by neutron 1rrad1at1on of the deutermm 3He,

10B, ,and 6L1 in the reactor coolant(z), Table I (from Ref 3) 'Shows ‘the

e

estlmated tr1t1um productlon (Cl/yr) at typ1ca1 nuclear power statlons

/

of the boﬂmg water (BWR) and pressunzed water (PWR) types Essen- '

tially all of the tr1t1um produced is ultlmately released to the env1ron-

[

- ment, e1ther at the reactor or’ most probably during: fuel reprocessmg

L
J

Tritium appears predommantly as tr1t1ated water (HTO), and to a lesser

extent as hydrogen gas (HT). With the use of ercaloy-clad fuel rods

in light-water 'reactors, tritiurn diffusion from the spent fuel should be
()

L

very small (5 1%, ),' so that most of the release oceurs at the fuel repro- .

(4)

cessmg pla.nt _ W1th the 1ncreasmg number of uuclear power plants,
“ _the world w1de mventory of tr1t1um is expected to rise dramatlcally Ly
On‘e pa:ojection is shown_‘ in Figure' 1 (fr_om Ref. 1). o
v T.ritiumv;is also produeed vat heavy-water reactors and atv tritium
‘product_ionv facilities,'-at whieh its relative i_mportancfe'is gefnevrail‘y'

greater than that of all other radionuclide haza,rds‘f‘combiued.'(4)
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'has been estimated at about 1 kg per megaton equivalent

L)
o -
L

v Tritium' s rad'ioactive decay has a ha.lf-life of 12.36 y.ears. The
decay is by [5 : emission. Flgure 2 (from Ref 5) shows the beta energy

spectrum The very weak beta has a maxrmum energy of 18.6 keV and

a most pro_bable energy of 5.7 keV. (The max1murn ‘range of an 18 keV

beta is ab'out.()‘ microns .in '.water or 0.5 cm in air.) There is no other
decay mode. One .gram of pure tritium would have an activity of about
9600 curies. | | | |

Tritium appears naturally in '.thev' enyironment'at' an estimated
world wide level of from 20 to 60 megacur1es (Ref. 4), corresponding
to a mass of 2 to\6 kg. .All but a fractlon of one percent is in the form
of HTO in the.air and water. : The fractronal atomic concentration rel-’

ative to ordlnary hydrogen is about 4><1O 15 (HT/H in the atmosphere;
-17

(4)

(HTO/H O) as vapor in air; and about 1 X410 -18 in sur-

face water. Most of the naturally-occurring tritiumn is produced by

interactions in the upper atmosphere of the primary cosmic ray pro-
(6) |

tons.

Production of tritium by atmospheric nuclear tests has dwarfed

the natural l'evels: the tritium y'ield of a thermonuclear reaction (fusion)

(4,7

Essen-

tially 100% of the tr1t1um produced in thls way is converted to HTO
. water vapor. (8) The concentration in stratospher1c water of tritium

rose from about 0.03 pCi/cm (in the period prior to nuclear testmg) to .

about 20,000 pC1/cm3 in 1960 an increase of almost six orders of mag -

nitude. (4) Although it is chemrcally 1dent1cal to normal hydrogen for

most purposes, stratosphenc tritium may not mix qulckly and thorough-

ly with much of the naturally-occurring water.

&e.



For 168 hour occupat1ona1 exposures, ‘the Internat1onal Commis-

(9

sion on Radlologlcal Protectlon )has estabhshed ma:;runum permlss1b1e
concentratlons in air and water (MPC) and (MPC) l, as well as »max;

v .-1mum permlsslble body burdens (MPBB) For 1nd1v1duals m -the"gener,-
al publ1c, the app11cable MPC values are a factor of 10 smaller than
for occupatmnal exposure; and for exposure to a su1tab1y 1arge sar_nple
of the general pub11c, another factor of 3 smaller st111 The U S |
Atom1c Energy Cornm1ss1on( 0). has estabhshed MPC levels 1dent1ca1 to
: those of the ICRP

The occupat1ona1 MPBB values are 1 mC1 of HTO in body tlssue,

or 2 mCi in th-e total body. The‘ MPC values are .as follows:

168-hour 168-hour limits,

occupational - individuals in.

_ , o limits general public _
as HTO in water 30,000 pCi/em® 3000  pCi/cm>
as HT gas inair - . 400 pCi/em’® 40  pCi/cm’
as HTO vapor in air 2 pCifem® 0.2 pCi/em?

In terms of euri'es, these permissible levels seem at first 'glance'
' _.to be very h1gh in comparlson to MPC levels for other rad10nucl1des
: _There are three reasons for th1s f1rst there is a large amount of

water 1n b1olo‘g1ca1 systems, in which ingested tr1t1um can be dlluted'

second, the*e is no known b1010g1ca1 or physmal reconcentratmn mech—' :

anism; and th1rd the tr1t1um betas have very low energy

Tr1t1um' 8 most 1mportant b1olog1ca1 half life seems to be about

(11 12,13)

8 to 10 days ‘in humans , which is similar to that of the gross




to the total dose of this component is uncertam

research as a tra’cer, and in industrial appli'cations.' A recent study

g

water content of the body There is ev1dence for a longer half life

" (~ 300 to 500 days) for a few percent of the tritium, but the contrlbutlon

(1)

Measurements of tr1t1um are d1fflcu1t mamly because of the low
energy of the tr1t1um betas, wh1ch can be counted by’ only a few of the ‘
many detectors sens1t1ve to 1on1zat10n energy loss The discussion be-

low is mtended to pomt out the advantages and dlsadvantages of the var--

1ous.ex13t1ng_ (or proposed) measuring systems for tr1t1um.

We shall concentrate -upon measurements in the air and water
around nuclear reactors and"their fuel—repr'ocessing plants. We do not

intend to nnply that’ tr1t1um is not now a s1gn1f1cant problem outs1de of

the reactor 1ndustry Its use is mcreasmg in med1ca1 and biological

(14)

of tritium's use in luminous watch dials is interesting, if only because.
of its historical connection with the problem of the radium dial painters

15

of several decades ago A récent study of the Unlted ngdo indi-

cates that tr1t1um is w1de1y used in 1ndustry and that '"the radiation

- doses received by some workers are not inconsiderable."" What was

found was that a few percent of the workers studied received doses less

- than but comparable w1th MPC levels Background mformatmn on the

.

use of tr1t1um in b1ology and med1c1ne can be found in a recent book (16

We will consider four d1st1_.nct mea‘surementproblems:_determma—

.‘tions in water, in air as HTO, in air as HT, and in urine. In turn, any

of thedsve_(eXCept that in urine) can be made in either environmental sam- |
ples or process samples (water flow or gas stack).” We shall attempt to.

discuss these various classes separately, where appropriate.



-’6,; o

Various interferences must be considered depending on where, -

‘when, and how the tritium concentration is being sampled or measured.

“In the 'g._a'}‘s ‘phase around fuel reproce'ss'ing pla‘nts,v thevp'ri‘nc'ipé.l- beta
ernitter b_es'ivde"s :tritiur.n' is 85Kr whose higher energy beta (E a : 672
keV) can --.p'rm}ide a 'significant‘ 1nt_erfer1ng background. In the 11qu1d |
phase, s‘troht‘ru‘m;‘?O‘ (Emax :: :54'6"keV)‘isbpre.sent and may inter'_feré_; a
' The irt<eret\rre’ on ’triti'um r;nea’s:nrements' is \}o'iuminous' ‘more eo .
than perhaps for ‘any other radionuclide of 1nterest.1n env1ronmenta1
‘ measurem_ents The I.AEA held a Symposmm in 1961 the proceedlngs -
-of which(lﬂ are a basic reference_ in this f1e1d. A' trltlum Syrnposmm"

(18) .

was held m “I_,a;s.vVe'gia_s in Septemher 1971 . 1n',whi_chvthe rnajor re-

search groups in the field summarized the current status of instrumen-
tation at that time. Also, a monograph by Jacobs(4),; part of the A.E.C.
Cr1t1ca1 Rev1ew Serles, is an. excellent reference on the sources of tr1- '

tium and_lts behavior in the env1‘ronment ' Two recent b1b11ograph1es by -

Hannahs and ‘K.ershne'r'“g
are also valueble.
In the 11terature on tr1t1um one frequently encounters the use of

the Tr1t1um Unit (TU) or Tr1t1um Ratlo (TR), defmed as a tr1t1um con-

»centratmn of 1 tr1t1um atom 1n 10 18 ormal hydrogen atoms. A con-

centr.ation of 1 TU in wat«er corresponds to 3.23)(10_-3_ pCi/cms of water,

or alternatively 0.12 'dps/liter-.

| Anoth»ér notatt_ion w_hich o(ftevnvvap'p»ear's..is the de'signa.tion ,“:'proti_umr
for normal hydrogen (1H), tov:d'isvtinguvi,s'h it from deuterinm V(ZH) _and‘,
.tritium (3H)," ‘The three’-isotopes are alvso commonly de_noted by H, D,

‘and T.

)., dnd by Rudolph, Cdll‘OU., and Dav1dson(z0)

‘i,‘
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2. - -TRITIUM IN WATER

In water, tritium occurs primarily as HTO (tritiated water). It
is also .oééas'ibnall& found in tritiated organic compounds dissol&ed or
- suspended'invvwater, B-ut we shall not discuss the measurement of these
cgses. except when their vmeasuren.lent is contained within the measure-
ment 6f HTC itself.

» As m_éntioned abbve, the maximum p_ermissi_ble concentration
(MPC.)_W of tritium as HTO in liquid water for an ihdividual in the gen-
~ eral population is 3000 pCi/cm>. This MPC corresponds to 110 dis-
integrations p-ef second per cm3 (dps/cm3). The main meaéurement
problem is the low energy_and rénge of the beta (the maximurﬁ'range in

water being 6 microns).

A. Liquid Scintillation Counting

Effo'r.ts to obtain sensitive, reliabl_e'measure_ments have essen-
tially all relie_d on one techniéue': liqﬁid scin_tﬂlation cou;nting-. There
are many liquid scintillation systemé in the iiteratur.e. and s¢§eral are
available co'mr_ner'cially. Here we shallktry to sumrﬁa'rize tHe propei'—v
' ties of the j}arioﬁs liquid scintillation systems. Two fecent books are
e_xcellent. r»e‘ferenc_e's on this .subjéct. (21’ 22) '

Liquid é‘cmtillation counting relies onvthe fluorescence of scintil-
lator .molecules excited by the deposition of vi_oniz'a.t‘:ion from the beta.
Energy given.to 'solute moléculgs by the B is transférred to a fluores-

cent molecule which it excites. A photon is emitted when the excited

molecule returns to its gr'vound 's?'ta'te. - For most common scintillator
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| ‘solutes, ‘the fraction of excited molecules which de-excite by photon
emission_'i's'a..bout 90%. The photons emitted are detected by a multi-

plier phototube (MPT), or in'the case of tritium neaz;ly always by a -

Isair of MPT' s in time coincidence,
A go@d.'d'i_stus.s'_'i()nvo‘f this technique hasﬂb.eeﬁ/givévn by Horro‘c‘ks:(23)" |
""The main advantage obtained from the use of liquid |
s;:iritilla.tion counting as 'opposed to bl:h__e>rv COnVéptional
céuntix;g methods has to do with the fact that the sample
| _cont‘ai.n‘..ing the radioactivity is ih.intimate éoﬁtact With,"
and_ in most cases d_is'éolved"m the detector. ‘This pro-
"duces the idéal 4m geometry. A limiting factor in the = . o '
liquid scintillatioﬁ counting system is the MPT Ev:en
the best MPT's have phc;tocathode' effic'ienc‘ies‘ for con- '

version of photons into electrons of only 28%....

"The vliq.uid s;:in_tilla.t‘t_or solution consis.ts of.: three
‘main parts. The bulk of thé solution is thé vsolvveht,
ﬁsually_ an alléyl b_éniene (iv.e., t'_oluene) or dioxane. ‘1’;0 v
‘the solav‘e.nl: a',n'orga,_n_ic _compound (o r cofﬁpounds_) is a.dd.ed B
W.hi.ch_is an effic‘ierit p}io'ton ‘emiitter and which emits pho_; :
b'tpnsA'in btkhe»wavele_ngth regiOn which'is é’asily 'mea’..siir.edil"f
| by the MPT. And finally the liquid scintiuato_r solution R | B o
‘contains the sample . L The mbo_st troublesome prob-- o
lem encountered with liquid vs.cintillation. coizr;tihg involves
those pi‘ob.lems associated with the ihtroducvtio:; df the sé.%n- :
p.lev into the‘scintillator solutioﬁ in a"homogen:e'ous (or n_eér
hofn}ogeéneous) form without causing a drastic reduction i'n

b




..9_

. photon e.rvnig‘sion' due to so called quenching processes....
"There afe twévba'sic types of _quenching; chemicai and -
| color. Cherhical qﬁén_ching involves the aétion of foreign
mé,te_rials ui)On the excited molec’:’ules§ eithe.r solvent or
solute molecules ...+ Color quenching involves the re-
aBsorption of emitted phbtoﬁs-b& foreign material which
may be preéeht' in Ehe liquid'scin.tilla'tor soilution or sample."
Rece“nt‘. pa;;eré b&r Méghiési .et al. ha';(e studied the Significant fac-
fors which afféét lvow—lévevl liciﬁid vsc'intilla‘.tion cou‘ntingvof tritium, both

in homogeneous liquid systems such as solutions(24), and in ernulsionsgzs)

From the pépér oh _horﬁogeneous sOlutioﬁs(24),‘ several conclusions are
impo.r-tant:. |
(a). Plastic vials are prefei‘able to glass vials; '"glass seems to
| ,c_ie‘_c.“reasevthe counting efficiéncy for tritium counting é.nd in-
creaée'tﬁe ba(ckgr_ound as compared to pié.stic. "

' l(b) The solution which optimizes counting éfficieﬁcy isbto7g
of PPO, 1.2 to 1.5 g of bis-MSB, and 120 g of naphthalene per
liter of dioxane. [PPO is 2, S—diphenyl’oxazole; bis-MSB is
p_'-l_)_i_s-’(g-methylstyryl)-Benzene.] Various studies of concen-
' trétion's weré,éo‘nddcted ‘to dét_érrhiné this optimum. -

(c) .I"n.fhis sdl_ution, the optimum wat-er content is‘about 1 ml
| 'wat'er/4__ ml salution. There are two competing plrocesses
héré, namely that ad_ditional.water‘ increéses »quenching at the

saine time that it increases the proportion of water which con-

tains the activity .
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(d) Phoephofescenc‘-e'is s'el\rere., and "in consideriné the 1§ng-"
"Ahved component of phosphorescence, it is de31rab1e to avoid
any l1ght Wh1ch mlght excite the scmtlllatmn solut1on n(2 4)
(e) A constant check of poss1b1e mstrument dr1ft is requ1red for
'pr_ec1se measurements. vb "The recommend'ed order of count_

" ing is: 'ba‘ckground, sample, s'tand'afd c_'a'libi'ation _s‘ampleb,_

'd‘uplicate of s'arnvple, background. "

() "The preparatmn of water samples is s1mple and consmts of

bfla s1ng1e dlst1llat1on " (In fact, some samples requ1re no dls-_

tilla't_ion at all,)

(g)  The Y-value '(defined'as'"minimum detectable activity at a con- -

»fidence level of one sigma of statistical e_r-r'o-’r “fovr ‘one-minute
.‘ counting'time)- i's"ahout 1 pC1/cm3
| Even more seneitlve systems .are available,. 'uéing errinlsions .
Lieberman and Moghissi( 5) report a Y- value of 0.7 pC1/cm3 us1ng the
detergent Trlto'n.' N101., (Rohm and Haas Co.) in scintlllation s_oluti_o'n at :

a rati"o'of 1:2.75. This ml:'cture can hold 40 to 500]0‘.. water, when the'

scintilla.tion -gsolution is E—xylene containing 7 g PPO and 1'.5 g bis;MSB

o per 11ter ’I'h1s cockta11 has a countmg eff1c1ency of ~23% for the tr1t1um'v

beta By using three photomu1t1p11ers v1ew1ng a large volume (250 ml)
v1a1 Mogh1ss1( 6) has achieved a Y-value of 0.2 pC1/cm .

Calibration and standard1zat1-on of systems as sens1t1&'e as thes‘e
are difficnltp‘robl.ems. ’l‘he U. S. National Bur.ean of ,Standards-' has
tritiated-water and tritiated-toluene standards. (27) .7
ly used calibration method is the ' internal standartl"_, in Which _; stanti-
ard activity (e.g., from NBS) is.'nse’d' vihterchangeably with the unknown

e

The most frequent-

-
¥
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_ .s#mples. The pfbbl_ern is that the addition of a standard can change the
counting efficiéhéy, due 'td_differevnce.s'in quenching.: This prbblem can
Be'bve‘rcorﬁe by the addition of a very small (micf-blitér) amount of a
high-acti;\ritf étandard to a pr"evi.ously céun_ted' sample, but accurate
‘ ineasﬁre’r'ne‘r;ts; of small size samples, usually Vrna..devgr’avirnetric‘ally, '
are difficult.'..and tedious. .
| [‘Mpghis_si and Carter 28 have used two fsa'mp;es‘,which differ only
in that one em_plbys normal aﬁd the other tfitiated haphtha_lene. This
minimizesmbst ‘of the errofs due 'to‘ch'e.mical. différences.
Arioi:h'er.iﬁethod'is to use éne or more radioé‘éfivé gamma sources
‘placed outside of the_counti%xg vial (the. so-called ' external standard
method'). These can be used to a‘djust'the. gain on the'vphotomultip'lier
tubes, or to partially compensate for differences in quenching charac-
tgristics among several samples in a train, Systemé withvaﬁtomatic
feedback control, vusing radioactive sources, are available from some
of the commercial liqﬁid—scintillatio.n manufacturers. | Both thebAmer—

(29)

' and the American

~ ican Public Health Association's Standard. Method:
(30)

Society for Testing and Materials vcompilation contain standard meth-

ods using liquid scintillation counting for tritium ar‘la'.lysis._‘

B. Tritiur.n’in Flowing Watel_' :

v Méa..su.r'e‘ments in flowing water can, of coufs_é, be made by taking |
grab samples for batch c’bﬁnting. A éént;inudus fiow;system with con-
' tinuéus méasureinénts would be more deéiréble for m;ny measur'emeﬁt
situations.. The AI"e'c‘luir‘ements of such a.sys.tem a,re.that it be sufficient-

ly sensitive and precise; that it respond in time éomparable with the
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B characteristic_time for a change in tritium concentration in thejflowing :
water; that it sample properly; and that it not be too expensive nor re-
quire excessive maintenance.

e e (34,32) L

Ting and Litle " ‘have reported on a continuous flow system,
‘developed at B.eckrrmn Instruments for use in the _sec_orida.ry”coolant_of L
a preSsurized water reactor. When the device was field-téested,  the
tritium levels in this coolant at the S_an On’ofre"Nu’clear' Generating ‘Sta -

(32)

tion Were in the region of”iSIOO'pCi/cr'n'3 "(about haif' of the MPAVC‘?)., :
measured With a few- percent prec151on | R |

The system works by mixing toluene based 11qu1d sc1nt111ator (or
dioxane-based scintillator if very rapid mixmg ‘was required) with the
liquid water sample in a mixing chamber; the mixed solution flows
through a light trap, a 11qu1d scintillation counter and thenvout as -
waste. The d1ff1cu1t part of the system is the m1x1ng chamber. -Liq.uidb
sc1nt111ator flows continuously into a vial; the water sample enters the -
vial by dripping grav1ty_f1‘ow, -and 1s_‘st1rred for thorough'mming tw1ce _
before exit. Time rv'e'spon's'e is remarkabiy good: figure 3.“(fromv Ref.
31) ghows' the 'res.pohse to 5 tritium samples of 10,_2_0.,‘.3(‘)‘;40, and'5.0 pl,
injected‘ i-nstant_arieousiy.with a s.ci_ntillator flow rate of 7.0 ml/min. |

Residence time was less than two minutes in t_he test, and the total

- response peak is over in about 4 minutes, as seen in Figure 3. The

efficiency-- for ‘d.etection of the tritium heta is 3_2%. -'The sample flow.
rate‘ 1s 0.5 ml/minute;. and the minimum detectable tritium concentra— K
tion is about 25 pC'i/ml. This system shows great prom1se for the con-
-‘tinu'ous monitor‘_ing oi tritium in flowmg water.v Its mam drawback is

the high operating cost from consumption of liquid scintillator: at 7

i
i
!
i
|
!
i
i
Ty
i
i
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ml/minute (~ 10 hters/day), the annual cost of liquid sc1nt111ator can -

be in-the range of $ 9000 to. $15 000 ($3 to $ 5 per liter)

C., Urina.lxsm

The most common procedure for- the determmation of tritium

bvody burden is radioa'ssa.y of trltium (as HTO) in urine Chroni_c expo-
o sure of workers to air containmg HTO vapor at! the A E.C. recom-

| mended occupatlonal MPC level w111 produce tritium act1v1ty of about

30,000 pCi/crn of urme (33, 34)

Levels down to the 10 pCi/crri3 region can be measured routinely

(35)

-with liquid- scintillation counting, ustng an emulsmn technique similar
‘to that described earlier( 5) Thus sens1t1ve1y is not a problem for anal-

. ysis in the 'laboratory. For rapid measurements, which are sometimes

required after possible large accidental ex'posures», Osborne has devel-

(36)

oped an. automatic liquid-scintillation urine analyzer. This system

provides'a measurement two minutes after the sample is introduced,

‘with a min‘ir'num'v sensitivity of about 1000 pCi/cm and measurements up

to 10" pCi/crn3 with precisions_of about £10%. This device is partic-

ularly useful to assess a possible HTO exposure irnmediately after an

accident.

One difficulty with urinelysis is the'p'ossibl-e'Quenching due to

_ foreign substances in the sample This is the reason that the p- xylene— '

-based emulsion technlque is preferred over the homogeneous solution

method.(3'5) .

. Alternatively,‘ one can distill the urine before determinmg
the tritium activity level in s.ny of the conventio‘nal d_1oxane-based sys-

tems.
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Block, -Hodgekins and Barlo'w(37)‘haye developed a proport'io'nal
counter techhique'ﬁrhich can detect 1000 pC1/cm3 and is relatively sim- -
 ple (Block et al., 1971). The sYstem is .based onk the. rea.ction of water

and calcium carb1de to form acetylene as follows

CaCZ + ZHZO - CZHZ + Ca(OH)_Z-"

Tritiated \sater yields tritiated a‘cetyle.ne‘ (C'ZHT), used. as a'c'ounting'

gas in the proportmnal counter. This system:is attractivefpart‘icularlyv
for its adaptablhty for use in the field, desplte the fact that its sensitiv--
ity is much‘less than that'of the 11qu1d 5c1nt111at10n systems

(3

Sandia Laboratories 8) have developed a ur1naly51s capab1l1ty
using metalhc calcmm to reduce the water m-urlne, a sealed ion cham-
ber is filled,wlth the evolved hydrogen. The mavin'g‘adva'n'tageof the ln—'
strument (the .T-4£.19) is an immediate a.nalysis capa‘bility for use in
emergency aecldent situations. The calcium c.artridge is disposable,_
and the inst‘rilrrlent makes determinations'ih five mlmltes, ‘with +15%
~accuracy (20) down to levels of 10, 000 pC1/cm3.k' This instrument is

portable ( 8 kg). and is useful for f1e1d use in case large exposures oc-

cur in a r_emote location.

-D. Solid Scmt1llat1on Countmg

| Although 11qu1d sc1nt111at10n countmg has bee:l the most (I:o-mn.lorlly. |
used technique _for tritiated water ndeasurement_s, _plastlc scmtl_llatmn '
sy‘ste_‘ms are alsov .used.' '_I'heée systems have several dra’wbaek‘s eolrn-
pared to the'llquid-S'c-intillat_ion systems, but tﬁo advantages: flrst. plas-

tic scintillation systems provide faster response than the liquid methods; |
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and second, vth.e liquidj system can be_ expensive due t'o éonsumption of
large amounts of tﬁé drganic sélvents and solutes, which must be dis-
posed of aftel_' use.

One needs a high ._surface-to-vo.lurn‘e ratio, and fhe early systems
used small c_:ry:s.tals of anthracéne. Moi‘é f.ecently,.- v#rious kinds of de-
_fectors u_sing thin sheets 'orvlayers of anthracene or blastic scintillator
spread .ovef' lluéite’(for light piping) have been described. Figure 4

(39)

shows one ‘suc'lrlx detector , in which iOO rods of lucite afre coated With_
anthracene powder. The counter can detect 1000 pCi/‘vml of water at a
rate of 10 cpm. To rrieasure urine, the sample must be decolored by -
passage é_v'er a charcoal colimn. The response to tritium in air is 20 .
cpm for 1 'pCi/_cm3 of air. In an unshielded 1abofatory .environment,

the normal exte_;‘nal backéround gamma levels were at about 30 cpm..

(40)

Osborne has developed a plastic detéct_or, shown in Figure 5,

~ with the sensitivity of 24 cpm for 1000 pCi/cm3 of watér. At this count-

ing rate, small fractions of an (MPC)  can be detected easily. For tri- 3
tium in air, about 0.01 pCiv/cm3 can be detected. The background is

about 40 cprh._'

The mvainv problem with plastic detectérs is that over a period of
time the plastic sur_faces tend to degrade because of sedimentation,. bac-
terial -growth, ‘a.nd disé'oloratio.n.. Any of thes»é Ca.-l'vl prbduce large de-
creases invcounting efficien.cyb_because of the difficulty in light collection
throﬁgh. fhe" thin light paths. The detector can ‘so‘rne_t.imes be clea‘ned,‘
but nof always. | At present, this technique does not compare favorably -
- with liquid svcintivll'ati.on counting for effluent Water monitoring, aithough

"when specific aCtivityvis high and the water sample is pure it can be
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used lsatis’fa.ctorily.
_ 3 TR‘ITIUM INAIR

In air; "tritium'oceurs primarily in two forrr.'l-s': : ”as water vapor.
tHTO) and\”a/s ..hydrog'en' gas (HT);. .' 'Tritiated'orgauic compounds in the
vapor phase and on partlculate matter also occur occas1ona11y

There are two common approaehes to measurements in air: f1rst
one can usve an jonization chamber or gas proportlonal counter w1th f11~
tered air 1ntroduced for 1nterna1 countmg, the tr1t1um betas produce ion-
ization within the sensitive ehamber volume.‘ This mvethod is sens1trve
to tritium in all of its gaseous eherﬁical forms. Seeohdly-, HTO vabor'
can be renioyéd from the air With a bubbler or with some dessicant such
as silica gel or a rnolecular s‘li.eve,r and the vresult‘i_ng tr_itiated water.
counted using.one of the liquid‘ovr plastic seintillattion techniques. To
measure tritium as HT or in tritiated-organics', it is posﬁsiblevvto burn
the gas, couvertihg th'e tritium to HTO before dessication and cvounting.

We shall di‘s'cu'ss_ea'ch of these methods in turn

A. Ionization Chambers

" The 'earliest tritium detector for stack efflueut measurements was '

(41, 42 43)

the Kanne chamber developed in the 'early 1-940's.' The gas 3

to be measured is drawn contlnuously through an electrostat1c premplta— '

tor or ion trap, then into a large ionization chamber._ The resulting cur-

rent' is measured with a-picoammeter " Large' chambers of volumes 18.5

(44),

’

and 51.5 liters are in common use at Savannah Rlver Laboratory
they have minimum sensitivity limits (20) of 7 and 2 pCi/cm3 in air,

respectively. N
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(44)

We quote ﬁ‘om Marter and Patterson:
| .-"All:hough't.hve‘s'e instruments are-sensitive to unusual
particuiéte air loading, e.xl:ern'aI gamma radiation, and
other radioactive gases, t_hese problems are red1_1ced by
filtel;in'g the air iﬁtake, by locating the chambers in areas
6f lo w gé,mma background, and by using moisture traps be-

tween two chambers in series, respectively."

Cne important problem Wifh ionization charr.lbers' is the background
in the prese"née of external gamfna fields . ... there is no way for a sin-
.gle ion chafnber to differentiate between external gammas and internal
‘betas (or internal y's or a's). The background is such that 1 mR/hr of

(45) To

gammas is about equivalent to 100 pCi/cm3 of tritium in air.
reduce this problem, one common procedure is to place two identical
chambers side-by-side, one sealed and the other open to the ambient

(46) (45)

air, This reduées the interference by a factor of 50 to100. The
_lifhitétioh is in maintavining identical air masses in the two chambers in
the presence of fluctuations in ambient pressure, temperature, and hu-

midity. |

| If the gamma flux is directional, chambers adjacent to one another
may not sample the same flux This problem is reduced in a design by

: O_sborne and Cowper(47)

in which the compensating chamber is placed
inside the active chamber to prbv.ide equal response in all dire’c'tions.
A 40-liter .chamber of this design has a .minirrium detectable limit (20)
for tritium at levels as low as aboﬁt 1 pCi/ém3 of air. Insti-uments

~with 0.3 and 1.2 liter volumes have alsQ been constructed. (48)
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Interference by other vgaseous radionuclides is also a major prob-
lem for ion chambers. Particulates fnay be 'elirninated with filters, but

radioactive noble gases (e.g., 41Ar, 85

Kr) are mert and d1ff1cu1t to: d1s-
criminate.against’. Each disintegrati’on of 85Kr'produces manytu_nes ‘
the ’ioni'zation vof a tritiu'm disintegration.. This major .disadvantage is
what makes an ionization chamber inappropriate unless tritium is known

to be the only 51gn1f1cant radlonucllde present. To overcome thls

Osborne has__reported the development of two chamber.s identical except

that one has ''a self-renewing drying system so that continuous subtrac-

1" (49)

- tion (tritium -i» noble gases minus noble gases) can be accomplished.

(5)

Waters , in a review of general problems {yith ion ohambers,
reports that factors such as cigarette smoke», ions, aerosols, -humidity,
and rnemory effects_loan also cause erroneous reading's in ion chambers.
He snggests the use of a 'nﬁcron pore size filter followed hy an electro'-
static precipitator. Also, materials such as rubber and some plastlcs
are particular.ly susceptible to absorption of tritiated water vapor, caus-
ing a low readlng, later re-emission or exchange w1th ordlnary water
" vapor then produce»s an error in subsequent measurements. Waters re-
 ports that: "'Teﬂon is satis'factorly but is difficult to use because of its
tendency to cold flow under pressure." A

For monitoring tr1t;um in air, the ionization ehamber is undou'ht- v
edly the most cornrnonly used instrnment._ Po.rtahle 'Jflo.w-through instru-
ments of.various sizes (t&pically with about 1 lrit_er_chamvber volumes) |
have been a mainstay in health physics desnite the problerns vdiscnss'evd.

Perhaps the most sophlstlcated instrument of this type is.the

-Sandla T- 446(3 ), now avaﬂable from Bendlx Corporatmn (52) This

1
i

!

(51) -

E
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instrﬁment is expensive (over §5000) but I‘>rovidesva_, colleétion of fea-
tureé -which ‘ma.kés it almost ideal for.'mo_nitoring in those 'applic»ations
where a;ccide'n.f-v;}arni.ng instrumentation is’ needed. The‘ ion chamber
output cur‘re'_Ivlvt is f.edvt'o a v.ibra.ti'ng reed electrvvornete,r‘, bthen amplified
and measuréd; All electronics are solid-state, on printed circuit
boards. If is sensitive down to about 5 pCi/cfn3 of air and up to 10
pCi/cm3 in seven decade rahges with aut‘oma.tic range. v‘changing. It erﬁ-
ploys an e‘léc'tr(v)s,tatvic precipitator, and has a 200 pCi 63Ni soufce plated
to one electrode of the precipitator. Ionizationv'cvreat.ed by the sourée |
is used for ‘self.—containec.l calibration when the precipitator is turned off,
There are_twd adjustable alarm levels which can b'e"u,sed"to distinguish
vbetween_injimed.iatv:e hazards and levels in the region of a' few occupational
(MPC)a. ‘The instrument i«s-.l'either portable (batteries) or alternatively
.the detector can be used in remote-sensing sit:uations;,'it has a fail-safe
failure inaicator, automatic range changing, a filter to eliminate ion-
izing aero’vsols, and other features. The T-446's érincip‘al disadvan-
tages bési_des the high cost are a sensitivity to external gamma fields

and radioactive gases which is common to all ion chambers.

B, Proportional Counters

- The gas proportional counter differs ff_om the io_nizgtion chamber -
‘mainly in twvo'r‘e’spect.s:. it is a pulse counting instrumént,' ana it re- |
quires a_p'a.rticula_g filier gas to _which the éample of (tritiated) air is
:'acl_ded. It offers é.n advantage ovér the ion c};abrribérvin that energy dis-
~crimination is possible 'by electronic discrirﬁinatihg on the outpﬁt pu;ls_.e
height, AWhos.e size is proportional to the energy deposited. The essen-

sial disadvantage of the gas proportional counter is the continual
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v consumptionv of counting" "gas,: which 1s d{_-s’¢5ided after being mixed with"

the tr1t1ated sample and counted

(5

Dr1ver ) built a tr1t1um counter of this type as early as 1956
More recently, Ehret(54) has ach1eved a minimum detectable concentra-
tion (20) of O 1 pC1/cm3 of air, usmg a chamber of about 1 liter volume
w1th methane as the countlng gas, “to wh1ch is added 20 to 30% air. |
"Air is pumped through ‘the counter by means of a small membrane
pump. At the counter mlet methane is added to the air w1th1n a small
mixing chambe‘r u(54)
In this design; _there must be a compromise vibetWeen's’peed .of re-

sponse and inordinate consumption of methane. Using a methane flow

rate of 25 11ters/hour a response time of a few minutes can be achieved.

Ehret's deSIgn also 1nc1udes an ant1 c01nc1dence proportional counter

surroundmg the tritium-se_nsitwe counter, _to d1scr1m1nate agamst the

41

longer-range betas of ~ Ar and 85Kr.'.‘ This counter suffered from

"memory effects' d’uve_to‘ absorption of tritiated water vapor (HTO) in

plastic tubes, an effect mentioned earlier. Use of Teflon should elim-

inate this p'roblem o :
Block, Hodgekins and Barlow(37) have built a large-area, thin-
wmdow gas flow proportlonal counter system ‘two’ counters ‘are. 1dent1ca1

except that one has an aluminized mylar w1ndow opaque to tritium’ betas

_while the other has a Formvar wmdown thin enough to allow detection of .

" _tritium This system can thus compensate not only for gamma back-
'.ground but also_ for the beta act1v1t1es of Ar and 85

porous to the counting gas (propane), and th.e flow occurs because of a .

positive pressure inside the counter. The counting volume is 0.2 liters.

Kr. The window is |
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The window is permeable to T,O and HTO (but not to HT or T,). Ina
‘gamma flux,of"3,n1'R/hr, the counter had a minimum sensitivity in the
regibn of about 1 pCi/cm3.

C. Silica Gel/Liquid Scintillation

~ The use of.sili-ca gel as a desiccant to remoye_moistu're (HZO’
ﬂTO) fforﬁ abir-b‘ef.ore.liquid séint‘illation‘vcoﬁnting 'isvua ‘common technique
for fritium_ déterminations in air. In fact, 1t haé be_én proposed as a
_ ”Tentativeh Methdd for Ahalysis for Tritium Content of the Atmosphere
- by t‘he' Intersociety Committee for a Manual of Methods for Ambient Air

(55)

Sarﬁpling and Analfsis. ‘Its main advantage is its extremely high
sensitivity... |
In the Intersociety Committee procedure, a 30 cm X 3.1 em diam. alu-

* minum cylin‘der is filled with 'siliéa gel (180 g). Silica gel can absorb
moisture up to 40% of its own weight. Air is pumped at about 100 to 150
cm3/minute' through the silica géltolurnn, which éollec_ts essentially all
of the_moisture. With this much gel, a continuous sample can be taken
over as long as a two-week period; of éourse, a sxﬁaller set-up can be
used for shorter sample-collection times. -.

_ FqlloWing the sample collection, the silica gelvi_s .heated in‘a dis-
tilling flask to removeb the moisture. The distilla,te is then counted us-
ing ‘the liquid 'scinﬁillation technique of M“bghissi et a'l..‘(24,)v A sample of
air at 30°C (86°F) and 1009, x;ela‘tive humidity will yi_elé 6600 pCi/cm3
of moisture when tfitium (as HvTO) is present at th'e b("lb\;IPC)a convcentra'—

tion of O.ZFpC‘i/crn3 for individuals in the general public.(ss)

A].SO,V the
system has negligible interference from other radioactive nuclides, be-

cause they do not absorb on silica gel and further are eliminated in the
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distillation process. The largest source of systematic error is the un-

_certainty in the volume of air sampled and the prevailing temperature, -

pressure, and relative humidity of the air. Also, ‘tritium asl HT gas is
cofnple?:eljr excluded by this’ method.. | | | | |

| Osloond et al.(56) have réported a detection 11m1t (2 o) of 2><10_5
pCi/cm3 .Qf aiif by counﬁng the ‘silic_a gel directly (Without-distillation)
in th.e liquid _:scvintibllal:ibrnE systgm. | | |

'>The- chief'd/raWBack'of this system is the fact that cqncentratiohs |

are ihtegr_éted ovef a long time fperiod-(ho.urs to day:s_), and that each
batch analyfs;is' requires a sepa'raté procedure in the laboratory. The"
advantages are that its sensit.i'vitjr and preéision are' excellent, and it
suffers from almost no interferences. Another dra&b‘ack is 't};at the
desiccant musf be renewed periodically, 'vand this must 'bé done before
it becomes saturated.

D. Bubbler Exchange
_(45)

Osborne has removed tritiated Watef- vapor (HTO) froﬁl air -
using a water-filled gas washing bottle ("bubbler"_):. | Moist air is bub-
bled through Water, ‘and exchange occurs between thvev vapor and l'i.qu‘id‘
sta.ges.j It is éasy to éample a known volume of air so that t_he'ove_ra;ll ‘
;olle;:tion:effiqiex;xcy is within a few _pefcent. _of.i(_)O%} 'F.c')r ‘ex‘ar‘np_lé,-. o '
Osborne cites 'safnpiing for 10 hours at 10 cm3/sec '(br v.for 1 hour at
100 cm3/sec) through 200 §m3 of v?ater with an overall collection effi-
ciency of 96-:9'7%. One aavantage of this method is tha.t. tritiated hydrd-,
gen gé,s (HT) is se‘lective‘ly. eliminated: 1n a bubble.r sys.tem sﬁdied at
Los Ai’amos, ‘the c.ollection‘ eflfirci'énty for HT was < O.i.%. under conditions

57)

1n which HTO collection efficiency was 90 to 95%.( Also selectivelyl
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(45), ""the ratio .of

eliminated afé noble éaSes: iﬁ Osbdrne's éﬁcampl
noble gas activity to tritium activity in the water would be <0.013% of
the average 'of‘.the ratio in the sampled air."! A typicail bubbler system
is sorﬁewha,t less sensitive than the d.eéiccanf appréach, with minimum
~ detectable ;act“ivity b‘ein‘g in the regio.n.of 01 pCi/crriv?’;f however, this
sénsiti'vify may be acceptablé in many situatibns, givén _thve convenience
of t.he me_th’od-.-'. | | |

' OSb_ofneMS) has als_o‘ described a method in which the bubbler can
>be tied onto a tritium-in-water 'liquid scintillation detector for contin-
uous monitoring... Many elgme‘nts of this system would then be very
similar to that described above in the_ discussion on MTritium in Flow-

ing Water."

E. Combustion for HT Determinétions

Techniques have been developed for the separate deterrriina.tion of
tl_'itium‘in air as HTO (water Qapor) and HT gas., We shall discués two
different techniques here.

 Griffin et al. (°® have determined HTO and HT separately, uéing
‘a technique whose flow train is éhown in Figure 6. . Bécause HT (of HZ)
. in the gas to bev_measu'red is p‘résent at very small vlév.els, tritium-free
H2 gas is addéd asva carrier. The moisture-(incluvd'ir‘xg HTO) is then re-
moved in Air,DIryer #1., cohsisting.of Drierite-brand_. é.nhydroué calcium
sulfate in Plexig!aé cyli’nder.s.(_s?) 'i'he dry geis is"co'rhbusted in a catalytic
“burner: all_combusta'bié compounds are oxidiéed with the help of a 0.5%
pla.t.inum Qh 3-mm diameter aluminum oxide pellets, ".at a'temperature of :

400° C maintained by a heating jacket.. Not only HT, but also tritiated

organics (such as CH3T, ef:c. ), are converted to HTO in this step.
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- The HTO is then rremov-‘ed from th_e‘fllow byv Air Dryer #2 ”Both HTO
| (.Drierite) 'vs'a.n.lplesb are 'a.nalyzed bjr liquid scintiliation 3cOunting .after the
Dr1er1te is dehydrated and the water vapor d1st111ed under vacuum.
Griffin has 1ndlcated(6 ) that a palladmm catalyst operat1ng at lower
tempe‘rature,;'woul_d be much e'aSIer to use than-hls Vplatmum catalyst.,
_Levels' of tritium (in stack gas) in the 0.2 to 20 p'Ci/vcm3v region were
rneasured with'accuracies’ of d:8;5%. | | |
‘Ostlund(él) has 'developed'anotner t'echnidue ' -His procedure also'“'fu
converts HT and other tritiated compounds 1nto HTO (Water vapor) by a
catalyt1c combustlon process palladmm metal carr1ed on a molecular
sieve is used to combust hydrogen in air to ‘better than_98%. The result-
ing water is absorbed in the same.catalyst. Sa'molin.g_tixnes"as. 'sno_rt as

10 minutes can be used to measure tritium levels in the 1 pCi/cm3 re-

gion, with errors in the 3 to 5% region. - : _ -

One difference betv&reen the two techniques is that O‘stlund"s is
better adapted to single rneasurements, while Griffin'sy is designed for
continuous-, lo'ng—term' eampling foillow.ed-by'»batch an_alysis-, of the int'e— |
grated a'ctirvityv.‘ Aiso, because in Ostlund" s technique the catalyst base -

_ moiecular sieve' 1s aiso the deeiccant,- there is not a prObIem witn con—'v'
tamination and ”rnemor'y"' which might' e_xi_stin the_'v:o'th_e_r tve'ch,nique.i .. |
'.Eithe‘r technique ca_n perfo_rm vindependent rneasur_eme_nts of HTO and

HT in air, a significant advantage.
4. ENRICHMENT TECHNIQUES

Most measurements of tritium in environmental samples ordinar-

ily do not.require' an enrichment step prior to counting. However,

H
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techniques f_or'tri_tium enrichment vhave.vbeen develope.d'fbr those épe_cial
cases in which tritium levels are extrvefnbelly'_svrné,ll. One example is in
- geological research, where studies have been mad¢ of underground nat-
ural watefs whose ageé are so great (inény tho.usands of years) that tri—>

tium levels are minute ( < 1073

pCi/'cm3).' Here we will not attempt L:ov
do mdre'than summarize some bf 't.he important Wo-rk in the field of en-
richmeht; | | |

-Amongﬁ the proceéures used to enrich trit_iumv in water sé.mples
are Aelectrc;lysnis, thermal diffusion, and chromatography. Hoy(éz) has
developed a chrorhatographic system. in which a palladium.column is
“ heated; t'rri‘tli_u'r.n' diffuses through the columnfaster than does normal hy-
.drogen, anci the firsf gas evolved is tritium-enriched. | Tfitium recovery
of about 60% wa>s obtained in the first 500 ml of gas evolved, and with a -

17

- '30-minute countin'gv period a T:H ratio of 10™ " ' could be measured with

63)

- £ 41% (10) error. Peréchke( was able to enrich‘ tritium up to 40
times f&ith 100% tritium recovery, using gas soiid chromatography on
metal sie_vés. | |

Another approach is electroiysis. When watef is electrolysed,
hydrogen is given off more readily than _tritiurﬁ; the rélative loss -rate.
can be as high as 35:1, varying with electrode' matéfial, _surface condi-
tions‘, .eléctro‘l'yte, and temperaturé. Héx_rtley(64) h_as done»é del‘tailé.d
~analysis of fhe’ pafame‘ters involved in eléctfolytic pvro'vcedin'es. |
Oétlund(6‘5) has achieved enrichments in the 102 r'egior_l by a series of
successive electrolytic stages. | .

Thermal diffusion .i.s anothe_f method used for tritium-hydrogen

(66)

separation “but it is corhplicated and time consuming.
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For further mformatlon on enrichment technlques, the 1nterested-

reader is referred to the references c1ted
5. SUMI\/IARY

Three 1mportant numbers determine the ksen51t1v1ty requ1red of
1nstruments for measuring tr1t1um in env1ronmenta1 media " These are
the "Maxi_rnum Permissible Cpncentrations" (MPC) fqr an individual in
the ‘gevner,a'.vl pon'ulation-. O |

13000 . pCi/cm?® (as HTO in water)
40 -+ pCi/cm> (as HT gas in air) |
'0.2.'v 'pCi_/Cma_ -‘(as HTO xrapor in eir). -

'i'he ide'é,l_ instrxirrient is one capable of measuring down vte.frac—'
tiens of MPC levels, in the appropriate med.ium.- ' T‘he're are two rn,a'in‘
classes of mea..fsurementsv.infea_ch medium, that is laboratory and field
measureme'nts; The requirements are quite different in the twb cas‘es,
since field instruments generally must be more ru'gg'ed; require less

maintenance, be less sensitive to temperature and humidity effects,

- and have seme method of automatic readout (whether the measurements |

are ’continuvo'u‘s or batched). We shall summarize the situation in each.

of the verious'measurement areas separately:-

a) Laboratory measurements of HTO in water. The liquid scintilla -

tion t‘echnique is the vestaiblished vm'ethec_'llfo'r this task. ‘It_ is extr,emeiy .
sensitive (sensitivities below 1 pCi/crn3 of water), has excellent' repro-

ducibility, suffers from few interferences (especially if dlstillation pre-‘

cedes countlng), and is now commerc1a11y available in a- variety of
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».of sophistmated automatic systems. The disadvantag'es..of iiquid 'sein-
‘t111at10n countlng 1nc1ude both the high cap1ta1 cost of equipment and
hlgh operating costs, P1ast1csc1nt111ator systems are less expenswe
and have faster time response, but this is at the expense of perhaps two
orders of magmtude in sens1t1v1ty An 1mportant disadvantage of these

plastic techniques is that the surface tends to degrade in time.

. b)- Urinalxv.sis'. This is now a well-developed technique, usmg liquid
sc1nt111at1on countmg methods. 31m11ar to those for HTO measurements
in water.. Automatic analysi_s equipment can reach sensitivities in the
range of 10 pCi-/cm3 of urine. A propo_rtional counter technique sensi-
tive in the ‘1000 vpCi/cm3 range has 'also been 'd‘eveloped' for portabie
field use. N | | |

c) Field measurements of HTO in (flowing) water. A system for con-

~ti_‘:nuous measurements using a flow/mixing system.and liquid scintilla-
t_ion countin.g‘has recently been developed. Refinements of this tech-
nique vse'ern vcvapa-ble of ultimat_ely providing reliable, sensitive in’stream'
monitoring capability for routine reactor efiluent monitoring. Present
sensitivities in the 25 pCi/c:_m3 'rangev seem adequate for effluent mea -
sur'ements, but can only,ibe imp.roved at present by u‘sing more scintil-
lator at higher_:.cost. - N | o

d) : Continuous field measurements of total tritium in air. Flow-

through ionization chambers and proportional counters have been a main-
- stay for tritium-in-air monitoring for nearly 25 years. Several com-
-mercia'lly—available instruments now exist. The ion chamber suffers

from various types ‘ofinterferences, most notably from external gamma
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fields; however, :weli-deveioped compehsation syst.ems" now seem capa-
ble of measuring down to about 1 pCi/orh3 in t.h'e 'pre's'eho_e of éammai |
~ fluxes in the gew-mrad/hourrange. Ion chambers also cannot distin-"
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guish tritium _fr'omvothe-r gaseous emitters (e.g., . Ar, Kr), and are.

sensitive to cigarette smoke, ions, and aerosols unless sultably pro-

tected (this protectlon is now ava11ab1e in some commerc1a.1 1nstruments)‘.

Gas proportlonal counters can partlally d1scr1m1nate against other radlo-
‘nuc11des, and are less sens1t1ve to aerosols--.. Thelr senm_trv’lty (in the
1 pCi/cm3 range) is compareble to that of the ion c'_hambers. To detect -
“levels muc'h_b.elow about 1 -pCi/crrl3 in air, it is necessary to remove
tritiated water vapor from the air for liquio seintbiliat.ion'coun\ting’,b or_

use combustion techniques..

o e) HTO in air by removal and liquid scintillation counting. Therejare '

two well-developed methods for HTO (vapor in a_,iri.vdeter_mina.tions at -
very low .levels: the use of sil_ica gel, and bubbvlers,'. for remove.l of va-
por. In'ea.ch_ case, ‘liquic.l scintillation counting measures HTO in trxe o
resulting water. ' With silica gei, sensirivifies we.ll below 0.01 pCi/cm3
of air are_‘ac.hie'vab_le; with ”bubblers the sensitivities are typiCallyv.'in the
: r'egion of about 0. 1 pCi/cm3. bThe.se are both iritegr'ating techniques,
capable of f1e1d samphng, but the analysm is- by batch countmg in the

laboratory. Interferences are few, and pre01s1on is h1gh

1) HT in air (combustion). Combustion techniques followed by HTO

'vc‘ounting can determine tritium as tritiated hydrogen gas (HT) at the level -

- of a fraction of one p_C_Ji/cm3 of air. If HTO vapor is_remo{red by desic-

" cation first, separate HT and HTO'measurements can b,e made.
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6. CONCLUSIONS': :

At‘;»pr'er‘s.ent,_fneasurements, a.t'v 'lgv__elsl_ well belox’v MPC values for
indii}idué,lé. invthé general publi‘c. are EOSs-ible- in each _of'l‘:he important
measuremeht':situé.tioné.. __In particular, laboratory li'quid-scintillé.tion
_a?naAlyses of batch Wavter_'sarz_nplc‘es_ (HTO" in water, H'i'O_.va.,por ‘extfacte‘d
’ ffom air) a;-fe,‘extr'emely sensitivé and su_f'fér féw i#terferences. Un-
f.ort'uvna.te.ly, thés‘ev meésﬁrements are ti'me-'consuming .'and eipens iv.e.

" These sémé _cbmﬁients apply to the ‘H‘TO-‘in-wa.ter' systém for in-. |
st.réam effluent measurements.

In air .éamples, cbntinuous measurements with_ ioh chambers and
proijorfiénal' v‘cc;unt‘:ers‘ are only_ sensitive af iabAOut the 1 pCi/cm3 level
which is well above the MPC value of 0.2 pCi/cm?_for general public
exposure. More senéif:ive meas_ﬁrements in air réquiz;e vapof removal
and léboratory coﬁntihg.'

‘Cléarlyy, advances are réquiredto perform.cont‘inu_.ous, low-level
. monitorihg of .tri'tium in air, Aiso, cost-reduction in liquid (HTO) mea-
.sﬂuremént‘s is .very desirable. Finally, the ru_ggredn'ess,b reliability,
and maintainability of many preséht field instruments is of the highest

priority. .
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TABLE I
' Est.imatedltr.itirum (3H). pr_'oduction at nuclear power stations, Ci/yr.

(Power level approximately 1000 MWe and 3300 MWt)

- Boiling water Pzessurized

reactor - water reactor
. ‘cpolaht-wa‘l.:er:'- . .ZH(n,'y)I3H o v | 8 | 3 |
dissolved boron 108 (n, 20)%H | o o 600
uranium fuelv.rods fis..éibn' D | 13,0(_)_0 1»3,000 _
boron control :r'ovas‘ 10800 20)3H and 5.000": -_  o

108(n, o) "Li -

"Li(n, na)>H

(3).
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FIGURE CAPTIONS

FIGURE 1. Es.timated f)réduction Bf trifium (3H) from the nucle_a.r power
| indﬁnst.ry of fhe frée world (frorii Ref. 1) : |
FIGURE . 2. _\‘ Béta enéréy f‘svpeck:v_tru:m foi- tritiurﬁ b(frorn_ Ref. 5).
FIGURE 3 vR_esp.onsve of the flowmgter described ih:ﬁef; 31.  Analog
| : rec'or-din.g‘ of ratemeter <.)utput for fivé injecfed tritium water
; sa_.m;_iles. _ | | | |
FIGURE 4. v Schematic di#gram pf the .s‘c.:intillatiovn .devt.ector (from Ref.
39). | | o |
FIGURE 5 Detector .for tritiﬁm in wé.ter. The scint-iilator sheets fit

iﬁto a cubic lucite cell. The lucite plate shown here, on which

the sheets are mounted, forms one vertical side of the cell

* (from Ref. 40).

- FIGURE 6. Sampling train for total airborne tritium (from Ref. 58).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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