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METHODS FOR DETERMMNATION. OF RADIOACTIVE SUISTANCES
: ND FLUVIAL SELHMENTS

w WATE*

Y

—e

! ) By .

. Thawene -—u v. J. Janzer, U.S. Geoiogncal Survey.

l‘ - and X W .g‘wurds. Colorado School of Mines

a4

. Abstrac 4 3

Analytical memuads Zor tn:

* of the more impr—=ant compors-w. : =M neu-
. tron activation - :c:t radice “vity -~ :atural
" radioactivity -fou:. water jerr . Che re-

port for =ach am= .:al metnc .o lae =% cng
for application 2e metho. . st Qe
method, interfer=icres requi~~. ,gpa .. 8nI reag-
ents, analytical -~—w=dure: . ulation rprrting
of  results, and -+ .—mation wpecision. "~ risgion
" product isotopes - —sidere cescum. . Strom-
tium-90, and rutp=-_am-10. ¥ .: rateeg. -adioete-
ments and isotope: -~nsider--. 2 . u—- /v eaG- -210,
radium-226, radiv- 28, T:itiume’ ar 27U On-l4. A
-gross radioactivitt =wve ~r:<hoc uranium
| isotope ratio methc_ ire g~ W he. - nalytical
* methods are in roc—ne us: ~ e s isotope,
both methods are —mmortec - -. rdent=:z. . n of the
speciffc areas: of xmiicatior =k~ :ques fer
the collection anc ——eservz . .1 .- 'vzzz -amples o

be analyzed for muz-oactiv*: a+ ascus

lrvrodt :tion

- ’
urmose

This mant.! 3g8crib-  che anal-—1cal meth-

dds used by -+-¥.S ologizal Survey for

the collectior - ¥l azaiysis of water samples

for radioac:

methods are :ndec “>r the radicchemist

who applies aper .se to the analysig of
" water. Adem _our ying in <he principles-

and practicz ~° ior nemistry is assumed.

Therefore, st
" mentationgsta. .43, zad radiation charac-
- teristics are 1. - :scussed. References are
given to several e=cellent’ textbooks avallable
on these subjects

Generally, eacl m&ytlcal ~ethod is de-
scribed in suffi~ier  =tail and .5

.-zt of some -

# ubstances. The analytical -

-ipjeczs as nuclear instru-

s adequately

referenced so that an exp<-ience- radio-
chemist could set up’the anaiti-e. metis:

‘with reaonable assurance o su 8S. We
exceptiors are the determinatior -Ztr ™
by gas courz.ng and the deverr  aati £
carbon.14. Be(zause of the (:ompiexlt\ ae
equipment ax - the extreme impurtar »f
certain critica. details in bozth v . .ru-
| mentation anc¢ operating proced.=-. at-

tallc:.. 1:2»— 'ti
ior. s

tempt’ to conve~ the fully
procedure for direct dupli

probability for success. There is -. >_»:75t1-
tute for actual ~perating experiencs - sbor-
" atories equipped for the gas-count ' g deter

-

mination of trizium and the determ mation o:
carbon-14. For the above reasons. the de
scriptions of these two analytica procedures
concentrate on the principles anc =ajor op-
erating conditions involved.

In several analytlcal methoa.s reagents ors
equxpment are cited by prop—etary name.
This is due tc madequate in~ormation on
chemical composition ‘on whica to base a
chemical name. or to special requirements
known to be met. by the. citad reagent or
equxpment Inevery case equ1vﬂent products -
thaf mest requirements may “e substltuted
No endorsement is intended.

a —

‘ Organization

Each determinationincludes section on
“Application,” “Summary of e ~method,”
“Interferences,” “Apparatus,” "‘{eagents
“Procedare,” “Calculations,” .zport” (of
results), and “Precision.”.The “Chlculation” )

Y

-section under each ‘determination - differs

slightly from th,’jgractlée i chapter Al in

‘ that reference is'made to a genenl equation

/ T _1'
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the text are listec®~=io~

2
when possible. Rad:oactivity caiculations for
different nuclides follow similar principles
which can be summarized in = general equa-

. tion. The general equation, with its.modificz

tions to fit particular requizements, is cor
sidered in a following sectiox.
‘Nucleardete
Data on half-lives were -aken from tie
“Chart of :he Nuclides” * ider and Wal:
er, 1969). Data or dechy #emes and ene
gies of nuclear radiation vere taken fror
“Table of Isotopes” (Le’” - and others.
1968). The “Chart ~the :meiides” was re
prcduced in “Radic ~ica =:zith Handbook’
(U.S. Dept. of Hee- " _ucation, and We -
fare, 1970), and de- ¢ more importar
nuclides listed ir er. Hollander, an:
Perlman (1968) '~ reproduced in th:
- HEW publicatio: . ) ‘

4

Unit, symboe. ungbbreviotions |
used throughout
TNerms that. are used
-~mnection with onc.
=—-eq at the first us-
ih .. are used in calcu-

R Sy

Terms that ar  znera

infrequently, usw... =~ i-
analytical meth: b
age in the text. " -+

lazion of data ar  :fins_ inder the general

equation in the ‘ ..cu.::-uns” sections.

C: ____lcurie (3.7 Z..r .2grations per second)

#Ci -._.microeuric T disintegration£> per
second) .

pCi ___picocurie * Zsintegrations per sec-

uCi/l __microcuries zer ..ter

‘pCi/l __picocuries er liter
cpm ---counts per minute . )
dpm _--dlsmtegrat;ons per mmute

keV ___thousand electron volts
MeV __million electron volts *
d ___.-.- day w
\bhr _____ hour .
min ___minute
sec- _..__second
yr ____year
€ _—_.__ 2.718. . ... base of ‘the natural loganthms
In __..L loganthm of any number N, to the base e

log ____loganthm ofla.ny number N, to the base 10

£ d

z°

- e
B

TECHNIQUE: OF WATER-RZSOURCES INVESTI%. "ONS§

. oml  ____milliliter
zal __._gallon (3.785 hh'rs)
o
bos I r‘n
em -__.ce %emeter
*z--millimeter

+___inch (2.54 cm)

ft - foot (30.48 cr)
- gram
g _...._mllhgram ~
~
{ - molanty of . solution
..... normality ¢ 3 solutd
neq ___mil}iequiva.xe' :
o ____pounds per scaare inchX
;

sources of radioactivity in water

adioactivity m water may be-of naturai
- artificial origin. The principal natura!
es that bring radioactivity into water
Jhe weathering of rocks containing radio-
=ctive minerals and fallout of cosmic-ray-
- roauced nuclides. The major sources of arti-
izl radipactivity are the nuclear power in-
—=ry, nuclear weapons testing, and the
;eful applications of nuclear- materials

. devices. '

Natural radioactivity

The principal’ radionuclides intrb_duced
aawurally’into surface and ground waters are
ranium, radium-226, radium-228,

out the last two derive from radioactive
minerals. Radioactive elements including
iranium, thorium, and actinium and radio-
ave important -primarily for
sources. These three natural decay series are
headed respectively by uranium-238 (half-
life 4.561x10° yr), thorium-232 (half-life
1.41%x10' yr), and uranium-235 (half-life
7.13%X10° yr). In areastof the world where
‘radioactive minerals a particularly -abun-
dant as in the Joachimsthal region of Czecho-

slovakia, the Minas Gerais reglorZ of Brazil,

,and the Colorado Plabeau of the United
States, radioactivity in some waters may
greatly exceed the average concéentrations

‘o

v

AT - DN
. . L, -
'

radon, .
-otassium-40, tritium, and carbon-14. All,

. active daughters. resulting from .these de-
. cay series-
reasons of health and as potential energy

F



M V.Y
present in most continental waters. Dissolved
natural uramu{n is the 'major_radioactive
constltuent in most of these aters .

" Tritium and carbon-14 are produced by the
mteracthn of _coBmic-ray neutrons with
nitrogen in the upper atmosphere. The triti-

_um is ;eventually ‘'rained out as tritiated

. In 1963, the year when radioactive fallout

water, and_the radiocarbon is mcorporated
into atmosgherlc carbon dicxide. The princi-
pal reservoir for both radionuclides is ulti-
mately the ocean. Bot} radionucljdes are also
produced by thenmonucrear weapons testing.

reached 1ts maximum, the atmospheric con-

"centratben of thernQnuclear trltmm exceeded

that of natural tritiam by apprdx1mately 3
orders qf /nagnitude. The additional cdrbon-.

- 14 of thermonuclear origin was much lower

and approx1ma,tely equalled the -carbpn-14
naturally in" the atrhosphere. Radioisotope/™
doncentrations .in fallout have diminished
rapidly since’ 1963. as a. source of -radioiso--

" topes’'in water. Tritium is also a fission prod-
. “uect, and by 1970 the nuclear power industry

N

‘'had probably become the largest source of
-tritium (Jacobs, 1968).! :

‘ A_i'hﬁcual* radlouctiv%ty

‘ Nuclear waste disposal
possible source for the leakage of artificial’
radionuclideg (fission products and activa-
tion products) into water. Most of the waste

s derived from the reprocessing of nuclear
“fuel.. Reprocessing, is required at intervals fo

remove néutron-zibsorbmg* fission prodycts
and to recover the uraniym and plutonium.
. Until reprocessmg, 99.9 percent of the fission -
and activation products - produced remain
Iocked 4nside’thé fuel element. The fuelele-
ment is dissolved in acid, and chemlca,l sepa-
3

rations of-tite highly radioactive s are
carridd out. The final waste consists 4f a low-
- level solution, which Way be sent seepage
" ponds, and a high-level solution or ‘hot” solu-

tion that must be stored f

many years to -

 allow radioactive decay. Strontium-90 (half-

28.9 yr), ‘cesinm-137 (half-life 30.2 yr),,

iodiphe12% (Jalf-life 1.6X107-yr) and plu-_

. tonium-239 (half:life 24,398 yr) are maJor

rafi;oisotopgs of concerni It is estlmat‘e)d that

:3 the principal -

e Coe L : "
METHOBS FOR DETERMINATION OF RADIOACTIVE sumkpr-:s

-

~

" cause of neut

_solved corrosic

- age, busmay be of’]

‘ N
]

" by. 1980, severalgmllhon gallow of mghsley{el

waste with radioactivity on tue order of 10 -2
billion curies will be fn storag= as a result of -
r{utlear power produotlon (Eogerton, 1963
p. 448).

A relatlvely sn‘vallgr amoun~ of ramoact/lw-
ty may leak to the environmer: as . result of
ddily operation of a naiclear povger:)lant be-

agtlvatlon n the
efitron activsuon of dis- o
products, ar- posmbledli\ .
lease of fissj products by = s ectiveyfuel)
_element. though every nuclex DoWerp]ant 8
"hids built-in safeguards aga ~:T release -of
.In addition tc trltlum arA cn.bon-14 X
aboveground nuclear weapog- tesrmg re-
lea.s"é‘{jstrontiurh-SO,' radiocesium Lsotopes,‘ :
iodirie-13Ty and other nuclides to the 2nviron-
ment. The fraction'of these —adionuclides
water contamination. .
Peaceful apphcatlons et pueszar explo-
sives, stch a.s,nucleav ga- sti malation and T
nuclear mining, present a -ossible source of
locally mtense contaminatior of ground
also exists.
Nuclear gesearch Jclabov" toriz=. hospltals,
ind the very limited numge- + industrie:
s ra’iioactivity const w & rzlativel
munor sour.e of po
rive from sourceés not nbrmall\ “onsidered
radivactive.. Examples are fly asn from’ the
-combustjon of fossil fuel (coal rmay céntain
uranium and radlums and the ceramies in-
dustry (uramu,m saltsfare used in the prepa-

P Poy

v EERES

coolant  water,

radloactlvlky, the possizilit: acmdental
leakage must alw%’s be consicered.
that fall out or rzin out int¢ wzcer sodiesor . -
watersheds constitute a\sr .3 n. source of ,
water. If venting occurs the nmmblhty of
contamination of surfaCc water by fallout..
ible :adienuclide lgaks, - v
o@_l,mgmﬁcanco - ﬁ
Measureable . radioactive mate— &l may, .

°

ratiop of some g:laze_s) cm “~
Permissible c _géntmons of
radioactivity In_effluents to - |

unrestrlcted areas
Current values are tabulated in Part 20 P
'Stan_dards for Protection Agan t Radia-

B 4
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tion,” published',anti updated rer—-»ically by '

“fhe U.S. Nuclear " Regulatory .asmission

{:1976). The Commission is the so. “=e of the
permissible concentrations of -zusmactivity
in effluent (PCRE) values rep.:rte. Ior the
nuclides in this, manual. THe nern-rzence of

the values and the basis for the=- - —puta--
tion is described in Nationa Bureau, of

. Standards (NBS) .Ha.ndbook 5. C57) and
NBS Handbook 69 (}959). Tte - . Public -

Health Service has published —=corsmgnded’ .
~maximum concentrations - for
~ strontium-90, and gross beta act: v1ty
. drinking.-water (Dnnkmg Water btandarda, '

racum-226,
in

1962). Updated standards pubhshed in “Wa-
ter Quality Criteria, 1972t (10".~« are quoted

' in addition, wgen apphcable ’ /

. ume 41, No. 133, July 9, 1976. as a supple--

=

. mary Dnnklng Water Re:

in .the process of revision a. :ne time this,
' paper was wntten -, ' :
o
SN Radlologlc safety |
‘ The radlochem st or “eris ases the -
methods ini this gmn ua. ve an ade-
quate~f™jning in radioiu,* -~ nealth and .,

/

- the use of " variou

. Additional - dnnkang—water regulation%‘
were published i in the Federal Register, vol

ment to Title 40, Code of Federl Regulations
(CFR), Part 141. The National Interim Pri-
‘ations (Part

141) have been published ‘(" -~3), but were

safety practice in the laboratory. Such train-

ing is a requirement for o] taining th‘é—U S. .
Nuclear. Regulatqryi ssnpn license to

-use radionuclides. Analysi 'of even env1ton-o
menta! -level samples will enerally require
radioactive” calibration

' planchets or standardized solutions, some bf~ |

)

3

which are hazardous if not properly used.

Discussions of various aspects of radiologica]
safety are given in the following suggested'
referencesS. An 1ntroductlon tothe subJect is
found in the. chapter on the radlologlcal
laboratory in “Guids forSafety in the Clremx-
‘cal Laboratory” (M.L.A., “1954). A compre-

. henswe expos;tlon of radlologxcal health

physws is $6und in “Principles*of Radiation’
rotectlon (Morgan. and Turner, 1971).
The fafety geries of the In:ternatlonal Atomic 4

o

i
a
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‘l-that affect 6ther trace’and

. though
trax;gpm‘f may.‘ee governed by the parent..-~

- half-lif

[}

Energy Agency mcludw repox:ts of partlcu- .

lar valiI e todaboratory users of;adloactil%g,
dling. of Radioisotopes” - (1962)

‘Safe
nd the “Health Physms Addendum” (1940)
are cited, Precautions again t contamlna on

tailed in the National Bureau of Sfandards

| - publication “Control and Removal of Radio-.
in Laboratories”

active . Contamination
(1951). Procedures.to be followed ifi event of
an accident involving radioactivity are de-
scribed i “Medlcal Aspects of Ragdiation
accidents (Saenger, 1963) - .-

Geochemls"\y o% radmccttwty
g m‘Mal’el‘

Dlss}t)lved and particulate radioactivity -in
water is controlled by the sgme mechanisms
const1tuents
in the geohydrologic environment. Radioac-.
tive disintelration of an atom by alpha and

-

“and prodedurw for decontamination are de-

»

beta decay results in the formation of an  ~

- atom of a new element, faequently in an ex-

cited state. Gamma emission results from

_such an atom in the excited state gding to a

lower energy state. The geochemical behavior
of a daughter element may. be grossly differ-’
ent /frUn that bf ‘the racioacti e parent, al-
its occurrence, distribution, and

v Carbon-M

n- with a half-life of 5,730 years. The

r

Céllrboa-‘14 is tharadioactive’ ieotope of .
|

r half-life value of 5, 568 yr is generyly oo

vused for the Jﬂalculatxon of agés int order to

maintain consistency with carbon-14 dates in
the older literature. Ages based on‘the qlder
alue are converted to the basis of
the newer half-life by-multiplying by “1.03.
Carbon-
particle with the low maximum energy of 156-

keV s ‘ s *

.decays by-the emission of a beta -

" Neutrons '(produced by pr'imary cosmic_ .

radiation interact>with stratospheric mtro-
gen to produce carbon-14 and hydrogen

LA “N+’li-->“C+/IV'I
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" the carbsn-13
v -1“965) :

are )fission prod-.
» ucts, but usually:dnly cesiumA37.is signifi- 7
eqant to” water cruallty Cesfim-134. is pro<

tivi

"ing m4dfr
/to be 16/dp

. - , .
v . 7
[

i . )T

METHODS FOR DETERMI‘NATION OF RADIOACTIVIE\SJ.LB&I_ANC#S B

] -

Th ' fate of productlon in the atmosphere N

is wtlmated at approxima 2.4 atoms per
gecond per square centimeter dof th arth’s -
surface (Libby, 1955). Carbon-I4, is also a
product &f therhonuclea.n, weapoﬂ‘ testing.
This source had apptoxlmately doubled the-~
atmosphenc cohcentration -of ¢arbon-14 and
d jncreased the, concentration in surface
ocean water by about 20 percént by’ the late .
1960’s (Nydal, 1966). Possible ¢Bntamina-
tion of ground waters by thermonuclear car-
bon-14 imposes a' sgvere limitgtion to the
apphcatlon of carbon-14 datmg -
’ Carbon-14 produced by-cos
oxidized to carbpn’ dioxide andis transported *
terthe lower atmosphere by m{xing ocesses

‘where .lt enters the biologicdl *cydle.” Some

'radloac‘twe carbonates enter the hydrological+

cycle an ﬁ provxdethe'bams f
1

carbon-14 dat-
der ground waters? The specific ac-
of - cosmic-ray produced carbon 14 ‘in
osphere, surfafe waters, and all. liv-

ing of
the a '

ér gram of carbon, but is now

consnde to Je lower. Suess (1965) deter-
ned 14 dp per gram of carbpen.

he specific activity of carbon-14 in caf:

bonaceous material cut off from contagt with

,ghe atmosphere, such as the carbonate species

in greund water,
trolled ‘by the carbof
‘bon-14 to carbon-12 T

ecréas% at a rate con-
14 halftife. The car-
tio is alsg/affected by
.excHange oY carbonatgs betwgén the water
‘and aquifer, blochemlca , and possible
reactions with silicates. Compensation for
exchange effects-has been attempted through
Bj carbon-12 ratio (Pearson,
, ~ T,

. A & A

Coslum-l 37 and cesnum I34

mlkven cesmm 1sotopes

duced indfission by the neutfyn activdtion of

cesium-133, a fission product. The half-life of

cesium-137 is 30 yr and that of cesium-134is

2.7 yr. Cesium-137 has been depoglted

throughout the world, with much higher con-

céntrations in thaNorthem Hemisphere than
-

N
. .

. e

- A‘ : 4 1,
. X N o

» " s

1 - ~ . N

\ip the Sﬁ&@ }Iemxsphere as-a resuy:f/
\nuclea:;,we pons testing. .

~ um-137 (bariuns1

"keV angl' 796
. Jradiocesium is
(4 raalatlon is 'q

LA few hundred milliliters Jare. usuall

was determined by Libby (1955)

" prevailing radon
. curate'?' This was

~ N

-

Elthe; the beta or gamma radlatlon as ‘ggcl-
ated with the cesium- isotopes may be used for-
their detection. Detgection by beta radmtmn‘

is more sensitive™but less speclﬁc The use of.
gamma radlatlon perm\its dlstlngmshmg be-:

-tween the 1sotopes by means of energy dis-
energy peak for cesi- .
) is at'662 keV, and thea}

crlmlnatlon since t

for cesu;(n-13‘4 are at 605°
eV. Preconcentration’ of th

sed before counting,”in ej\
ther case, to pgrmit detection at low envi
mental levels. Four to 20 liters of s

principal

have been used with thej gamma-coynting

technique dependmg on senslti\?lty r

quate for the beta-countlng' techmque

4
- « 7
S

lead-2l 0

Lead- 210 ongmates from the decay of
‘radon-222. The isotope,js a beta em1tfer1w1th

half- ‘llfe of 22 years. Lead 210 formed under-

| ground i probably trapped on exchange sﬂ:es

of clay minerals-or, other eactive mateikal
and pres mably has very limited mlgratlon
The lead;210 formedg,by decay of atmosphenc
radon enters the hydrologic cycle principally .
through precipitation. A smaller part is Ye-
moved fr m the atmosphere ,as dry fallout.”
Most of the lead-210 falls on the oceans

I ‘where it ﬁnds use as a tracer for the 1nvest1-

gation of vertigal mixing. Some lead-210 eng,.

ters tefrestrial, surface wate_r_sg "and the
permanent SNow ﬁelds fThe half-life_is con-
venient ‘dating more recefit snow deposns,

and the ndtural level of lead-210 has not been

‘upset by huclear’ %eapons testing as is the

case with thtlum Estlmatlon 6f the lead-210-

£

ut through preclpltatlon, a requirement J

dating of show and ice,, u;t be based on
actual méasurgments of the lead 1so§9pe since
calculation on the be.sm of eqplllbnum with -
Zoncentratlons is flot at-
hown by Py.l,‘wrson and -
ade a latltudmal sur-

Lockhart (1964) who
vey of lead-2 %0 ?m grour d-level air.

LIS

hd -

.e

¢

N
/, T ‘ *
Y S . o . RSN
. t - ’
i .

¥



<
"

‘-"éo

N v

X

LY

The lead-2 l(rmt,of/preclpltatlon/ap-
‘ peal‘s-to vary greatly with,individual storas,
pr\oﬁﬁb]y depending en the trajectory of the
, airf mass. Rama and Gdldberg” (1961) Te-
ported 0.05 pCi/l for. surface ocean water
4 and 0.13 to 6. 7 pCiA for Colorado Rivet wa-
ter. 'Ho]tzmann ¥1964), using the more sensi-
. tive-polonium-210 alpha-counting tethnique, -
lfound an average ‘of 0.127 p€i/l of lead 210

in un-treated Ilingis surface waters and’0. 051 ;|-

pCi/l in'well waters. ‘As expected, the sorp-

tion of lead by soil reduces the concentration_

m\gxound water. Holtzmanh found-that lead- |

210 &ncentrationsAn potable ‘waters of .Ith
noig were genera]]y mucydebw radium-£26

concentratlons : T

< 0

-

gad.um -

, J'

Radurm is a radloactlve member of the, |-

,_a]kalme-earth faniily thatA8 widely dissemi-
nated throughout the «ofust of the Earth.
Four isotopes of radium{are membérs of the'

three natyraleadioactive series, The isotopes )
wigh their naturalseries ind decay data are

llsted be]ow ‘ ..
/ e , ™~ e
- e - . ¥+ Delay,
I_loto Seties . Half.life * :mods' .
Radium- 223 _— Actmnn;n ——mo- . 71143d O @
Radium-224 ___LThonum _____ * 3.64d aP
«Radium-226 ____ Eamum _____ 1,602 v.yr- &
Radxum 228 -.__ Fhorium _¥%___ V5.75yr 8- {

The concentratlons of. ﬁhe adiym 1sotopes
ST
in geologic and hydrologic materials vary
"greatly in nature depending on th€ uranium .
and thorium concenffations'in the seurce and .
the geochemical history. of the inaferial.,
Chemlcal]y, rddium is anaTogous to bafi:
um'; the carbonates, sulfates,‘and chrométes.
are mso)}ub]e, while the- chlorides, nitrates, -
ahd hydsoxides are'soluble in water. The dis- -
' trlbut)e;g of radium is governed re by the,
‘distribution -of uranium and th um, how~
ever, than by theé geocHemistry of radium. = -
Radium-226 and radium-228 are the most
important isotopes of radium found in water
-sbecause of their longer, half:lives, health’sig-
nificance, #nd as geochemical indicators of

‘..ur-amum ‘a%num respectivdly. On the-

basis that the wefld abundanc? of thoriunris
‘approx1mate]y three times. that .of uranium |
r\ ./ ’ / . . z U -
- .. 7
< N [ S N '
» -4
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TECHNIQUES OF WATER RESOHBGES INVESTIGA)TIONS..
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- |+ certain ‘aQulfers othhe Colpradé
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and the specific-activity of hormm-232 is ap-'

roximately oné-third that).»f Branium-238,
the world activity inventopies of radium-226
and dium-228 shoufd. roughly’ equa]
Wor]d act1v1§\y mvent;ory for radiums224
should also ‘be equal to that '8f radipym-:228
since.the two are in radloactlve equilibrium.
The local relative a‘bundances of the 226 angd
228 radium isotopes may vgry great]y how-
evéir as*a functlon of the local ufani
thorium ‘atlos AlSo:there may ,be extreme-
: ]ocal variations-in the ratioof radium-228 to
radium-224 because the latter is
from the former through an actini
thorium rsotope Bécause the geochemlstry of
actinium and thorium are mgn?'ﬁcan'tly dlﬁ'er-

‘tor, .

‘K;oducei
and a":

efit from t‘hat of‘,rb.dlum, there is great ‘pp- .

: portumty for ]ocaﬁhsequlhbrla
-Radium is found i in waters from most geo-
']oglc ter(anes because of the wide dlstnbu-
tion of the=pdrent elements in nature. *Con-
~centrations of radium-226 in ﬁ'eshwater
usually~are less than 11-2*p€1/1 Concentrav
})ens of radium-226 m, the ‘Cambrian and
rdovician llmest;ones o North_
°’Umted States-often gxceed-3 % Ci/l, and in
Plateau, the
concéntration may bemu“h higher (Scott and
Barker, 1958
piles. from uran;um mﬁhh “and milling op-
eratlorpmay coﬁtam raduim at much ‘higher
levels. A
Whilé most of .the tadtum mvestlgatlons

c -

%‘dﬁ

entral "

Waéer that l8aches  wasth

have centered on_Qle 226 14otope, work in thj :

U.S. Geological Suyvey has shown Yhe im-
portance of radium-228. Johnson' "(1971) re-

ported that concentration of radiume228 in ’
several streams of the, Front Range nearf

Denver exceeded the
um-226. This’ agrees

m:e%ratm‘,,of radi;
ith the ‘tw1ce no¥mal

‘abundance ratio of thonum go uranium for

the,/ area. Krause (1959) . reported- relatively
high concentratlons of radium228 in wells
“tapping deep ground-water aquifers in Iowa,
Wisconsin, Illinois, and Missouri.

_All radium 1sotop% are hazardous‘becaus)e_
of the’ bone-seekmg properties of the _ele-

nt Concentrations in the bone can lea@' to
] ncies. The ¥.S..-Public Health Service
ha.s

1S re ommended_ 3 p(_)l/l as tke upper limit

~
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\fp'(- ra{lum-z% in water for pubhc consump— -
‘tign. The U.S. Nuclear Reglatory Commls-

.sion (NRC) (1976) gave the fOIIOWmi/por
mfsmble _concentrations of radioactivity ine

eﬁluent (PCRE)- valties for radium (sol:ubIe) 2

in° waste solutions that may })g, relehsed %
w;a.ter bodies ‘ace l}f; by the publlc

P Radlum‘ZZB “ti' 700’;;’:‘71 .
Rad.\um-224 L -\_1____.‘__'_ 2,000 pCl/l\ o
'Radxum 226 - AN 20 pCi/1", ~
Radmm 228 "_L«.x____;'___‘ “30 pCi/)

;;rhe “Water Quality Criteria»1972", (EPA\
1973 ‘recommrended a -radi m-226 mtake,
1imif “of. 0.5 pCi‘/d: Assumm%a 2.1 d~con-
sumptj’on rate, this is equlvalent% a QZB
pCl/I t:oncentratlon lirpit. , ° B

Three analytlcal methods for, radlum mo-
.topes ‘are reported each,sser ing a diffege
.purpose.’A dgtermmatlon of the gross 2l{

- radioactivity . of radium is the xrmplest pr, =

cedure and ‘is_satisfactory where 1dent1ﬁ@$’"'ﬂ'

“tlon

o
not <r

- for radlum 296 and a thrrd for r'rdlum 2"8
0’ ~

1nd1VIdual alphasemitting isotopes is

v i

Ruiherqﬁm 106 and _uthemum -103

“Rnthemum 106- and ruthenrum 103 are the
m‘nortant ruthenium 1iotopes produced in -
nuclear hssro?/’l‘he’y may be present in pre-

cipitation-‘and surface - waterx -after atmos-, |

pherlc uclear. testing. The' short half-life of

ruthenrum 103. (39.8 d) essentlally rules out 3

lits presence in ground water. Ruthenium-106
N (halflllfe 368 .d) may abe found in ground
“water in the immediate vicinity of under-
ground. nucle'rr tests. Both 1sotopes are beta
,emlttérs ‘with- ma‘umum energy of 00392
MeV-for ruthenium-106 and maximum’ener-
gy of 0.70:MeV (3 percent) and 0.22 MeV
(97 percent) for ruthenium-103. Ruthenium-
106 is determined by counting the daughter,
“rhodium-106, with which it is.in secular equi-

librium. The more energetic beta particles of .

hodlum 106 (3.53, 3.1, 2.4, and 2.0 MeV)
dre more easily, detected.

The NRC-PCRE value for ruthenium-106 °
in effiuents released to uncontrolled areas is
1%10 % uCi’ml (10,000 pCi/l). Ruthenium
concentrations determined by procedure R-

W
A

METHODS F.OR DE'I;ERMINATION OE RADIOACTIVE SUBST

.
2 -1

uired. A second proceduge. is specific |

-~
.

[

v
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"'11‘50 16 are report as ruthen‘ium 106#1-
though ruthenlum 103- may. also b present
'm "the s)amplelAfter 8 mon’t decay (6 half-

>
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tter nuchde has 1mtrally
Jager half-hfe of stron;
s;gmﬁcant to world-

I greater actlv

_ttum=90 makes 1t m

L wide env'rronmvenbalI pollu.tloil Except for
*Short periods fg)IIBWm atmospherrc nuclea.ﬂ .

\testlng' strontlum-Qﬁ“ g _the praiomlnant
radioi¥tope of this elem t*on the Earth's
“.surface. - ThlS nuclide vis now widely .dis-
tributed in® ‘man’s env1ronmeﬂ,t' from strato-

centrations exist.
_sphere. It is bften detected in
water, and bielogical materlals

mended. litnit on strontium-90 intake
water used for public supply is 5 pCl/d
Assuming a 2 17d consumption rate, this is

Trmum (hyd‘rogen-3)

Tr1t1um is the radioisotope of hydrogen
Wwith atomic weight of 3. It decays by pure
. beta emission with hal,f-llfe of 12.33 yr. The

keV and makimum energy of 18.6 keV. Triti-
um is forméd in the upper atmosphere by
cosmic-ray spallation and by the interaction
of fast neutrons with nltrogen

“N+ n—->’H+‘“C

The natural productlon rate of trltlam is
“on-the order of 30 atoms per square centime-
ter of the Earth’s surface per mlnute (Kauf-

~ man and Libby, 1954). : :

Trltlum is also produced by thermonuclear
weapons testing. The first tritium from this.
source was detected in 1952, and By 1954 the
thermonuclear tritium “was substantially

' greater t_han';the natural tritium. (Begemann

&

a1

-

.1 life 38. 9 yr) and:s ont1um 89 ( a‘lf—llfe 50.8"
T d). Al’bhough\ the

%he “Water " -
Q%lllty Criteria, 1972” (EPA b ¢ 973) recom-.

m,

equlyalent to a 2 5 pCi/l concentratlon hmlt '

beta particles have an. 4verage eriergy of 5.7 -

llves), the ruthenium- 103 cohcenftrahon is »

spherlc "and. tropospherrqfallout Higher- cafie. -
in ‘the Northern Hemi- .
ils, foods, .

«

e

S ’ Stronhum-90 S 3 L . \__)(.'/
: ’Nuﬁear ﬁssmn )p?oduc&\tw& important’
" isotopes“of -strontium: -strontium-90 (half:.
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.and Libby, '1957) ‘Thermonuclear tritium

reached a peak in 1963 when the concentra-
tiop in :the Northern Hemisphere exceeded

* the natutal level by approx1mately 3 orders |

of mag'mtude
Tritium is principallg/of interest to -the
hydrelogist as a water-djting tool and as a

_tracer, introduced either naturally. ‘or arti--

_ficially, -for investigating ground'-wa‘ser hy-
drodynamlcs in.areas of relatﬁ?’ely rapid flow.
The tritium’ datmg of ground water that en-
tered as- recharge -before ‘1952 is based on
radioactive decay of. trxtlum and the “pre-

~ bomb” céncentrationof Approximately 8 tri-

tium. units (Td), (I Tu=1 T atom/10* H

atoms) determ; ed by Kaufmann and leby

- (1954). .

JI‘he} dating of’ zround ‘water o.ngmatmg as.

recharge’ afté\l‘)54 is based on the correla-
tion of tntlum.concentrétlons in the ground
.water with known falloyt peaks The applica-

tions of tntr[lm\hydrokogy are reviewed by'

Thatcher (1969).
Tritium i3 also of interest in public health

¥
masmuch as concentratlons much exceedmg‘

the natural leVel _may be released to the en-

eriments, ‘nuclear power production,

.-weapyns testing, nuclear wasfe disposal, and

“Plow share” activities. “Water Quality Cri-

eria, 19727 (EPA, 1973) notes that a tenta- -

Yive limit of 3,000 pCi/l of tritium has been
_prepared for the revised edition of “Drinking
Water Standards.” The NRC (1975) PCRE
value, for tritium in effluents released o un-
. controlled areas is 3 xCi/l. The liquid-scintil-
latren ‘counting technique provides all the
’ sensxtxvxty required for monitoring tritium
concentrations "at the levels significant to
publie health R S
Although tritium is not a major fission
product, there is a significant production of
tritium in nuclear power reactors. The great-
er part-of the tritium refmains enclosed in
the fuel element until the latter is dissolved
for reprocessing. The production of tritium
in reactors depends greatly on the reactor
‘type, and estimates of.

however, that the reactor contribution to the
k4

o

1 vironment in the course of tritium tracer _

_ 1 production are
subject to many uncertainties. It seems clear,

-

tritium 1rrventory is substantial. Sourees of ~

*ntlum _have. been reviewed = by Jacobs
(1968).

Determmatlon of tritium adloactlwty is
complicated by the very lovj energy of the
beta radlatlon which necessitates mixing the

tritium intimately with the counting medi-
~um. ‘Gas phase counting is carried out by

\

mtroducmg the tritium as a gas (HT) intoa

proportlona.l counter containing the proper
pressure of hydrocarbon gas to assure opera-
tion in the preportxona.l region. Liquid scin-
tillation cougtm.g of tritium is carried out by
mixing the tritiated water sample with an
organic scintillator suspended or dissolved i in
an organic’ medium compatible with water
The eﬂ“lc1ency of gas phase countmg may be
very high, 60-80° percent. The efficiency of
“liquid scintilation countmg 1s on the order
of 20-25 percent.,

Since the decay rate for 1 Tu concentratlon '

in water i$ only 0.007 dpm/ml and the back-
ground count (gas counting) is on the order '

of 2 cpm, it is obvious that enrichment of the_

tritium in the water sample is required when
low concentrations of tritium are to be de-
termined. Enrichment is carried out by elec-
trolysis using essentially the same process as
is used for the preparation of heavy water.
Passage -of electric current.through water re-
sults in the liberation of the light hydrogen"-

isotope (protium) at a fdster rate than the

Reavy isotopes (deuterium, tritium), thus en-
riching the latter in the residual water. * ~
Uranium .

~Uranium is- widely disseminated in the

lithosphere, and most natural waters contain
. detectable concentrations of this element.

The avgrage- -concentration in the océan is
about 3 ug/1 (Rona and others, 1956). The
- uranium content of ground and surface wa-
.ters-varies greatly, from less than 0.1 ug/1 to"
several milligrams per liter (mg/1)..In most
natural watgrs the concentration is less than
10 xg/1. The limit on uranyl ion (UO;+*?) in
public supplies (Water
1972) is 5 mg /L.

" Dissolved uranium in natural waters exists
principally as uranyl ion (U02+2) which may

"Quality Criteria, :

~
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be complexed w1th carbonate. While uramum :
in surface waters.is @lmost .entirely hexa-

valent, there may be an appreciable percent-
age of tetravalent uranium under reducing
conditions found in some ground waters. T
latter is predominantly complexed ‘and 1s
hlghly insoluble in basic solution. ‘

"Uranium in natutal water is 1mportant in
geochemical prospectmg ‘and.as an indicator
of pollution from mining operations. It is un-
likely that uraml{ could reach ‘concentra-
‘tions significant w\health aléhough a high
concentration of urahium-could be indicative
of poszlble high levels of \he much more
hazardbus radium isotopes.

- There are the three. natural uranium

isotopes:
< v
Half-life

Abundance
] Isotope (percent) (yr)
U-238 (U series) T K2 9527 4 51)&10n
U-235 (Ac series) _____ . 2 7.1 X10*

U-234 (U series) 2.47%10°

0Q6
Uranium-234 is related to Branium—238,
the parent of the uranium decay series, by
the followmg decay sequence s

U= E The (24.1 d)BPa"“(l 18 mm)"U “
The’ total world raYioactivities of the "34

and 238 isotopes Mfiust be equal since the two

are in secular equilibrium. Local physical and
chemical effects may result in local disequi-

Jibria which are of geochemical interest and
Disequi- . A
‘| series of Techniques of Water Resources In-

have been given intensive study.
libria may. result from physical or chemical
mechanisms. The principal physical mechan-
ism is the energetic alpha recoil asscciated

with.the decay of urapium-238 to thorium- -
234. This  may rupture chemical bonds and

permit thorium to go into solution in‘ground

water where it.decays to uranium- 234. Al- ]

-thouth thorium is considered to be sorbed by
sediment, the presence of dissolved organic
matter or other complexing agents may tend
to stabilize it. Since both intermediates,
thorium-234 "and protoactinium-234, are

chemically different from uranium, chemical

differentiation may occur. Difference in oxi-
dation state between the 234 and 238 isotopes
can have an additional effect. These effects
frequently lead to enrichment of uranium-
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234in water (Cha{ov and others, 1964 Cher-

mtsev and others, 1961; Thurber 1962).
Depletion .of the 234 isotope is' less common
Isotopic (dating “of waters, correlation of digs
equilibria with rapid leachmg (important in

'pollutlon studles), and . the geochemistry of

dranium transport are exa)pples of the possi-
ble apphcatlon of uranium 1sotope disequi-
libria studies. *

While the usual obJectlve of the analysis

is determination of’the ‘Zuramum-234 to 238,
0

activity ratlo it §s:also ssible to determine

‘the activity rati 235 isotope to”238.

#of the
-| The uramum-Z 8 ratio is constant

(1:137) in the absentel fértlﬁmal depletion
or enrlchment Thet’eforeg an increase of the
235 isotope is neason to,suspecj;,the presence
of material - ﬁrocessed for nuckéar fuel.

Co‘rlectlon dnd -treatment
* of samples

The principal requirements to be met in
sampling a water body for the determination
of radioactive constituents are the same as
for other constituents, that is, collection of
samples in an orderly seéquence that provide a
representative analysis of the water body
both areally and témporally. Considerations
involved in-setting up a sampling program
that yields the required representative infor-
mation are-discussed in detail in_ an earlier
chapter (Brown and others; 1970) in this

‘vestigations of the U.S. Geological Survey.

" Reference is made to the earlier chapter for

dlscu,ssmn of site selection, sampling fre«

o

quency, equipment, sample identification, and ..

other elements of an organized sample-collec-
tion program. Guidelines for the collection
and ﬁeld analysis of ground-water samples
are glven by Wood (1976)."If analyses for
the determinations described in this manual

are to be made by a U.S. Geological Survey '

Water Resources Division central laboratory,

the appropnaf,e section chief should be con- -

tacted. Specific information can then.be ob-
tained for collecting the samples, obtaining
the necessary sampling supplies, and so
forth. ‘

-

S
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The overrldmg problem 1n£samp11ng for
rad10act1v1t is preservation of the extremely
dilute conceitration of radionuclidés. (usually
in .tke nanogram- and picogra{'nfper-iiter
rangg) in their original hconditions -until the
+ analysis can be performed. While preserva-

tionfof the original condition of-the sample is . |

a ge&neral problem in water analysis, the
extreNe dilution of the radionuclides greatly .
intengifies the problem Although/ extenswe

stood.
Early i in the hlstory of rad'

" in radioisotope solutions (d1 y
nonionic_ migration- behavio

greatly different from phénomen . in very
dilute solutions of nonradiogctive idns. Starik
(1959) has.exhaustively reviewed the earlier
work and finds both colloidal and n r,1c01101da1
behavior depending on conditions.

Starik also investigated the effect|of filtra-
tion and found that radioisotopes| were re-
tained in varying-ratios by different filter
- media depending upon the pH and “other
. chemical f;torq Overall, both so?ptlon loss

and filtratipn loss are functions of the cpn-
centration, pH, oxidation state, electrolyte
composition, and presence of traces of col-
. loidal material in the solution su(fh as col-
loidal silica as well as numergus other
factors. Many observations of * rad'ocollmds
are apparently attributable to sorption of the
radionuclide on traces of colloidal silica.
Tests suggest that the sorptign loss in
natural-water samples, as -agains t.'sorp“cion.
loss in very dilute distilled-water ‘solutions,
may be relatively sm_all./Many f the 'tests,:

i !

-

ST
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Jdir the llterature are based on dis-

. repor” -
t'illed- ‘ater solutlon and thus are not entlre-
ly releant. -

Simuiar tests with uranium shoWed no sig-

nificant loss under any condition, Hexavalent ’

uranium is :tabl’e in natural wdtér exposed to,

findings.
1/ lected in polyethylene bottles under three

conditions:/no' treatment, filtered and acidi-
fied at time of collection, and filtered at time

of collection but not acidified. The concentra-
tions of

beta gctivity determined repetitively in all

‘three sa ples agreed closely and did not 51g-'

nificantly change with time.
It is/ generally recommgnded that acid

trace elements for the purpose of minimizing
sorption loss of trace elements from the solu-
ann while it is ih contact with a sample con-

v shou}dee' added -to very dilute solutions of.

| ‘tainer. This is the practice recommended -
- ‘herein, but it should be noted that the experi-
' mental evidence is not at all .conclusive. There -
appears to be significant ev1dence, from both

radioactive and "nonradioactive work with
trace elements that the individual chemistry
" of the elements must be considered, and op-

. timum preservation techniques for each ele-

.ment, or for chemically related groups of
elements, are required. Starik (195 ) re-

- iported, for example, that polonium 1Svsorbed

‘most strongly (on glass) at pH 4.5, and while
lt e sorption is much less below pH 4, it is
reduced to the minimum above pH 8..He also
reported minimum sorption of radiotantalum
at pH 10 with maximum sorption at pH 3.5,
jand maximum sorption of niobium-95 at pH
0 ’ '

1.

Ground-water samples are usually clear
_initially but-may become turbid as hydrated
iron and manganese oxides form on expdsure
to air.-It is essential to prevent the formation
of’these precipitates because they can copre-
cipitate radioactive elements.

the sample after filtration. Sufficient reagent

grade hydrochloric orynitric acid should be-

e

the a*mosphere partlcularly when blcarbon- .
ate is present. Earlier tests by Janzer (un-
pub. data) are in agreement with the above /-
/ Surface-water s%irnples were col-’_

{, adium, uranium, and gross a'lpha-'
1

Precipitation
1. of hydrous oxides is prevented by acidifying

k3
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- added to the ﬁltered _sample to obtain a pB
1 or less.

-A 4-liter sample is usually adequate Zor

" radiochemical analysis of gross alpha, g=ss -

beta, uranium, and radium. Additional s =-
ple may be required if other analyses or ‘e-
runs are desired. Recommended samp..ng
procedures for surface and ground waters
are described as follows>—

1. Collect and store the samples only. in spe-
cially. washed and labeled 4-liter poly-
ethylene sampling bottles provided by
the radiochemical laboratory. The bot-
tles are cleaned by the following pro-
cedure: Wash with tap water; add 10

_ ml nitric acid, and refill with tap water;
allow to stand overnight; empty, and
finally rinse several times with small
amounts of distilled water; and drain,
and allow to dry before capping and
" storing.

2. Surface-water samples are collected to ob-
tain a-representatlve sample of well-
mixed water at'a single point, generally

- near the center of the stream or river if
‘possible. Preferably only clay- or silt-
sized particles should be present in the

sample if samples: are to be analyzed.

for suspended gross alpha - and beta
- radioactivity. No filtration or acidifica-
tion.is usually required if dissolved and

activity and dissolved radium or urani-
um are desired. (Other analyses may
- require special handling,  and the ap-
propriate Central Laboratory sectlon
chiefishould be contacted for spec1ﬁc
" detajls.) Leave an air space of several
centimeters to allow for volume
changes with temperature. Seal the cap
with vinyl tape. Ground-water samples
should be filtered through a 0.45-mi-

crometer membrane filter at the time of .

collection. Add sufficient reagent:grade
hydrochloric acid (preferred), or nitric
acid, to lower the pH to approx1mately
1. Minimum value of concentrated acid
that should be added to a 4-liter sampie
is 8 ml. Alkaline waters may require

suspended gross alpha and beta radio-.

more acid. Test with pH paper Seal the |
' cap with,vinyl tape. ,

3. At the time of collection, fill out approprl-
ate sample data form as completely.fas
p0551ble and nclude with the sample in
the manner prescribed by the analyzing.
laboratory. When compiling the results
of the analysis, it is essential to have’
all the information possible pertaining
"to the conditions which existed at the
time the sample was collected. '

4. Box’ the samples m the cartons prov1ded
and ship as soon' as&osslble after col- .
lection. Be sure that®return address 1s
-on’'the shipping label. =

5. During winter months, it is. essential to
mark the cartons “Water Sample. Keep

" from freezmg ’

When sampling a ground-water system for

“tritium or carbon-14,-it is particularly im-
-portant to select the samplmg wells with care

so that a representative sample is obtained.

The well should be properly Sealed to rmm-

mize - surface-water contammatlobp and

should preferably be in constant use. A hlg -
ly productlve well is preferred to a low-yield
well. The well 'should be thoroughly pumped

. before the sample is taken. A perfectly dry

bottle or barrel is used. During and after the
collection of the sample, minimize contact

with the atmosphere which may contain car-

bon-14 and tritium at concentrations ranging-
from several-fold to several orders of magni-

tude higher than the radlonucllde in the

water sample.-

| Calculations of radionuclide

concentratlons

The —=thod used to calculate concentra-

- tions of -adionuclides for most ‘of the deter-

mination: in this manual may be expressed
in‘the form of a general equation. Exceptions
are the calculations for uranium, uranium
isotope ratio, and carbon-14 age. The general
methoé of calculation compares the activity
of a sample against the activity of a stand-
ard, and corrects for decay of the radionu-
clide in the sample between time of collectlon
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and time of analysis. If the recommended :

«practice of minimizing time delay'hetween
‘sampling and analysis is followed, the correc- |
. tion for decay through this interval becomes
negligible for many radionuclides. - ' -
A more significant ¢ ?rectlon is that neces-],
sitated by decay of t}fstandapd between the
date of its certification byxthe National Bu,
reau of Standards (or other 'suppller) ﬁnd |
the date of its use to callbrate the analytxca]
method. This time 1 rval may ‘amount to
several years and i€ gnlﬁcant relative to /ﬂ
the half-lxves of several radxonuclxdes ' :

The following géneral equatlgfr/appllés
wHen 1n-£owth of daughter activity is not a -
factor, afd when the half-life is long relative, ;-

to ‘the tounting txme » This is the usuah

2

‘'situation.. ‘& . '

-

. Y’1000c S
o = . _-(jvl.);
s KQVEf(e—“-) - -

°where . Ry
' C= concentratnon of radlonuchde Thxs is
) usually expressed in pCi/l.
¢=¢,— (b,+b.). Average wcount. rate of
the sample in counts .per minute —
" (cpm)} after correction for back-
g'round'{and blank d '

B~

where Lo
- c,~averageé gross sample count rate
. (cpm), 3 N
b,=average blank count rate .
y - (cpmei and
’ b.,=averag background count rate
(cpm)

Usually b, aﬂd b. ate experxmentae?/
‘ly determ ned as a combin
quantity. - }_» :

K = factor to convert disintegration rate

n . disintegrations per minute

(dpm) to curtes. The value of K

for different concentration exp-as-

sions (C) is:

s
\

C K
mCi/l . 2.22% 10"
o7} B 2.22% 10’
pCi/} Ll 2.22
V =valume of saniple in milliliter.
E =counting efficiency for the nuci.le

unfer the countihg conditions

Y

'/

- : T
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specxﬁed for the. determination. E
" is usually determmed by analyzmg
.standards in the same analytical -
precedure as for samples (4 modi-
fied procedure is used in.twd meth-

. # - odsdescribed in this report)],
f={fractional recovery of the nuTxde m

B the sample,

-’decay c&nstant of the nucllde deter-

oS ' ln2 S
b R
m1ned v: T

1% ' T
‘whare, B
T —half-llfe of the nuclide of in-
terest - ‘t‘k{: approprlate o
. time unxts, s
} t=elapsed time between collection of the
sample and count of radioagtivity

(in same tlmevumte as used

v ff A).
The counting efficiency -factor. E is lcu-
ated by the following: genéral equatlon‘ A P

(2)

S g
S ‘ ' dnfn(é \)Jn)
where : : .
C. =average count ‘rate of standard in

cpm after correction for. back-

_— Q" ground and blank,
o dlsmtegr-atlon rate “of 'standard
' (dpm), A

fa fractlonal chemical recoyery 6f the '
‘nuclide in the standard, and
=elapsed time between certification of
the standard and the count, in
. some units as the respective .

. In the detérminations of gross alpha and
beta” activity, cesium-137 and 13#&triti-m
(without electrolysis), radium-228, radium
as radium-226, and radium-226, the chemical
recoverv factors f and f, are not determined.
The pre-uct Ff, is determined by counting
the star:ard und is substit:: 2d for Ef in
equatior 1. This procedure i valid when f
and f, a-> equal and reproduci»ie (within ex-
perimen:al limits) and effecti--ely cancel out..
The usuz. situar:on is that f -nd f, are very
close to unity.

Equations 1 =~d 2 apply whnen the sample
and stan.ard - = counted under the samé'

T , L
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" ing interval.' With ratlium-226 and radium-
" ing an aging period prior to counting.
of strontium-90, an in-growth factor is.

‘um) befo e counting.

L}
]

o
conditions on the same detector ‘I‘hls s the
normal situation. In the .detérmination oft
radium-226 the indiyidual sam and. stand-
:ards-are counted in individual alpha sciftilla- .
‘tion cells, each\of which has its‘own counting
efficiency (cell constant). Hence, in the de-
termination ‘Qf radium-226 an individual’ "
counting efﬁmency is’ detg;‘mxned for each.
cell.
. In the determination of lead-210, radium-
226 .and radium-228, the radioactivity count
ade 'on a relatively short-lived daughter .
of the nuclide determlned This necegsitates
the introduction of an “1n-g‘rthh" or “build- -
» factor, which i$ thé fragtion of the equi-, |.
hbrlum conce atxon of daughter that .had -
grown, in at the time of separation,from the
rent nuclide. Slnce the daughter r?uclldes
are relatively short lived w1th respect to the
countmg time, 1t is necessary to introduce a
correétion factor for decay durlng‘fhe count~

228 it is also nec¢ssary to introduce a factor
that corrects for decay of the daughter dur-

Although a daughter nuclidg is tounted (in
addition to the parent) in the determination

t
used because the daughter is allowed to reazl
a constant level (99.5 percent of equlhbrl-‘

factors to the fme intervals involved in the
counting of a daughter nuclide is illustrated
in figure 1. The figure shows growth and de--
cay of the daughter with time and idéntifies
the significant time intervals. The general
equation for use thh ingrown, nuclides is:

1000¢Z
“KVEf(e )XY’
- . ; LA
C =concentration of radionuclide. This
is usually expressed in pCi/l

‘¢=average count rate of sample in cpm
. after correction for background
and blank, ,

—e—M, (1n-grthh of daughter),

The relatlo?{: of the three correction

(3)

where

s

X=1
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_*(NUCLIDE ILLUSTFQ\_IED HAS HALF LIFE - °=

OF 3,82d) T '
B SEPARATION OF DAUGHTER FROM PARENT
B-C DECAY OF DAUGHTER BEFORE COUNTING.
.~ TIME INTERVAL t2 . >
C .BEGINNING -GF COUNT o
C-D DECAY OF DAUGHTER DURIN‘G OUNTING

INTERVAL t3 -

TIME INTERVAL BETWEEN SEPARATION OF

- DAUGHTER FROM: PARENT AND MIDPOINT
OF COUNTING INTERVAL

¢

- -

Figure 1 —In -growth and decay of a daughter nuclude
s:gmf:cant time |ntervals

s
-~

Y='e LA ( ecay of daughter between -
Separafion from parent and begln-
ning of count), -

[4
A

N
r

" where ')Sm _‘ -

e A= decay co nt of parent riuclide,

t=elapsed time of parent betweernr
collection of the sample and
separation of daughter,

=decay constargt of daughter nu-
chde, _ .

~

- -

\——x—‘ (decay of daughteQring '
e M3 .
- counting period), _ ‘ ‘
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° . t,=in-growth .time of daughter,- Fihe)table solids. Those dlssolved sohds cap-
: (‘?" - -point A to B (fig. 1)), ' A able of passmgt.th%)ugh 4 0.45.micrometer o
t.=delay béfore cqunting, point Bto | , membrane filter and: dried, t¢ constant
C. Separati6n of the daughter - weight at ggo C. d{ ’
from the parent at time B, and Half-life. The time requ1red fot the decay of
S t. ¥ time interval for ¢ounting of’the . a given quar}tlt ef, a radioactive substance
daughte¥, point C to D. o _to one-half its ginal mass wthus it i

méasure of the rate of suqh processes.
Mmlr‘num delectiony level. The least -amount
" or concehtration that can be detected an‘d

_ /__’K V, f, and E are \a.s geﬁned for equa-
.~ tion 1. The fﬁcu?ncy ealcul‘htmn for ingrown

‘ nuclldes sy, . i N . g
S ‘ Ty . quantlﬁed by afest method:

' ¢« B Cn (4) Nonﬁlterable solids.Those solids whdch are
. . T dnfn(e*“ )XY v e ned by a 0.45 ‘micrometer membrane
~ mth ‘?mbo]s arﬂi umis as deﬁned n equa-~ | - ﬁ and dried to constant wexghti':t 103°-
Q - tions 2 and-3¢ g : L J\ ) 105 c™ \ cLoe € f
: Becauqe of the short countmg time ;{erml ~Preclswn The de.gree of agreement of re--

T t,ed by the higher concentration of‘the sta¥d peated méasurements of the same propgrty -

. ard, the cognting time is short rel e to the . ‘expressed in tfal:m of dlspersmn of test
ha]f-llfe$ Hence the ~c0rrect10n sfactor for | results about the mean resujt obtained by
decay during counting is ellmfﬁated, 1 N . ‘gesting of a homogeneoﬁs §‘a ple (s) undezy

The general equations are modified in at- specific conditions. * 3
wcordance with sp'e'cif}c ¢onditions prevailing ISorptlon A general térm for the proces,ses of
g in the determinationr of individual radionu- ", absorptlon and adsorptién.

.‘Q‘ldes -For example, f and f. are eliminated ‘ , -7
"~ Wwhen cherbhical separations are not used or | - v . o e

when the chemical recovery factor is included gelec ted refe rences, -

in the determination of overall efficiency. . ' :
. -Decay ter{a‘re eliminated whentthe half- Prmaples of radnoachvnty,
~ life'of the lide permxtq

nuclear instrumentation

The terms used in equatlonq 1 to 4 are: not
repeated under/ the calculation section of the Frxedlander G, Kennedy, J. W, and Mllle;r,
individual determinations u less required for ~J. M, 1964, Nuclear and radlochemls-
clarification. o » N "New York John Wiley and sons,

. - ) - ’ \r; L y: - y

. ; ® . 520 p.
-~ : ' : (Glasstone, 8., 1958, Sourcebook on atomlc
.ossary - , T A energy: second‘ed1t10n D Van Nostrand
Co., 525 p. ’
Hogertor, J. ‘F., 1963, The atomic ‘energy
~ deskbook: New York, Remhold Publlsh-
ing Co., 623 p. ‘= .
Qvertan, . R. T, and Clark, H. M., 1960, .
. . - Radioisotope techniques: New York,
Decay. T.he spontaneous. mdl_oactwe. trans- McGraw-Hill Book Co., 464 p.
formation of one nuclide irto a different . .

nuclide or into a different energy state of . . '
the same nuclide. Every decay process has % Comp'lahons'Of data on

a definite half-life. radioactivity and lsa}ochemistr'y '
Dissolved. The sampte is filtered through a *| Holden, N. E. and Walker, F. W., 1969, Chart

" Confidence level. The stated probability, un-
der the experimental conditions employed,
that- the value will be within the interval
indicated by the precision around the
mean. :

0.45 micrometer membrane filter and the of the nuclides: Schenectedy, N.Y., Gen-
filtrate analyzed. ) eral E@gtrlo Co. . .
\ i . | | J
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Carbon l4 dlssolved apparent qge

quu.ﬁ%mt.uqt\on method, Denver tap | R=-llOO-76,

“: y o
o Pa(ametor ond’ code Cbrbon 14, d:ssolved appar(nt age (years
, (‘ B e | none q;spned ‘ 0\ o - = N
& . - 0 ‘“- 3C: Ho—>CH., N

1. Appllcu'hon \

Y
1 “The. method ﬂermlnes th@apparent age
‘of carbbn-14 dissolved in the‘water sample.

It is su¥ble for the analysis of any natural-

.water sample from,, ‘which 5 g *of dlssplved\<

rearbon cap be ob thed. Oy ¢arbon in Be
- form )of dissolye 0. and 1ts hydr
products Jis det\l'mlned he apparent age,
determined by compariso with a-Standatd,
of.known.age (see sec. $.10), apﬂles only to”’
the carbon-14 in the' sample use of the de-
termination td! date th
a ndmber of additional measurements and
“‘agsumptions ,and & general knowledge of the
geohydrologic system from which theé sample
was obtained. As noted below, a modification
of the procedure is-uged for waters contain-
ing sulfate in'excess
mg/l. : \

' 4
2 Summary of method

a .,

The method is based on that. of Noakes
‘and othets. (1967). Dlssolved carbon in the
carbox?ate system is concentrated from a.
large volume of water by preC1p1tatlon of
barium carbonate. The precipitate is treated

" with acid to liberate carbomn dioxide, which
is then allowed to react with metallic 11th1um
to produce lithium carbide:

) 2CO, +10Li — Li:C. +4Li 0
B The carb1de is then hydrolyzed to produce
dcetylene:

Li.C, +2H 0~ 2L10H+C H..

Finally, ‘the acetylene is passed over a_

vanadium-doped aluminum ox1de catalyst to

- fort® benzene: T

N

ater itself requires -

of approximately 200

ogfrt ng al, weighed, and then diluted
shghtly wi

[( mixture of scintflators sensitive to low- .
energy betas. The igtlvkty-‘of the sample is
measured in a liquid ‘scintillation cBunter.
From fﬁxraho of carben-14 activity *{}h

\elght of” @bon recovered the apparen g&

¢ the carbon. iff the’ sample’ may - be de-
-'n\med ¢ Lo , . a )
- lmerferences' B _‘ I

N

oarently free of both chemical and radio-.
metric interferenges. During sample collec-;
tipn and . prec1p1tat10n procedures_ interfer-
ence may resu.- from contact with -2 atmos-"
phe-e or from lissolved sulfate - 1centra~
tiors in excess of apprommatel\ 2 o mg/l <
~he sample collection must min.mize at-‘
mos phemc contact with the water. Sample
col.ection %hould be in a closed system from
the samplir.g point td the collection contain-
ers. Collecnon containers (nor'nall 15- to

The conversion from CO: to C¢H, is ap- ”

% benzenms placed in a tared sc1ntllla-/ \\

a toluene solution containinga ~

o~

55-¢al stee. drums\), should be filled by in-.

" tr- container -apped immedia:-:" after re-
moval vof tne delivery tube. '

v

. 4 Appclrutus

4.1 Beakers, polyéthylene, 400 ml
42 Cylinder, graduated, 59 ml

17 -

se-ting tub:ng to the "container bot*om, and
fic contin:=71 until three conta:ner rolumes -
he - passe. through the cor:zaiier. The
sz pling tube snould be remov=- siowly and

TN
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Figure 2. —-Apparatus for collection of carbonates \

A
B
C
‘D
E
F
G

.‘.

FROM SAMPLE BARREL
'STIRRING MOTOR .
PRESSURE. RELIEF VALVE
IMMERSION HEATER
MASON JAR *
GATE VALVE |

from a water sample.
'

Bl

hi . |

4:3 Dr Mns n 15-gal aﬁd\55-gal capa-
clty‘w1th 1- and 2-1nch bungs. -

ot T
2qzezd scmtz‘llatwn &Hu tera t s
Q{{"“mdlﬁatmg pag}’er, pH 20—50

*.

? Pr eczpztator for barxum carbonate '
‘(ﬁg 2).4 ‘

447 Xacuum “line for storage ot/’ etylene
\and coyersmn to,benzene (fig. 3).» i

4.8 Va‘ves Jor tr.ansfer of wateg sampre ]

B W

fgom drums-t reC1p1tator
5. Reggenfs . «“(‘k LT e‘,‘..

5.1 Asearite (trade name of Arthur H.
‘"Thomas Co. for sodium ﬂxdromde 1mpre)"g-"-

e

'&:nated asbe&fm’»’)f .

5.2 . Barium chlm‘zdelanthanum c}'zlorzde

' ttiona Dlssolve 290 g- BaCI» :2H,0 and-10*
g LaCl, in {istilled’ water an({ dilute to 1

hter . - <
PR S 5.3 Benkn , speetrosco.plc qa £
' carbon-14 activity.
| 5.4 Catalyst, vanadxum—doped ’,Al Og, or
\ .| Mobil Oil Co Durabead . A
© 5.5 Dry ice. ( v
56 Isopropanol technical grade '
5.9 * Liquid nifrogen: ' @
N " 5.8 Lithium ‘nietal, shot, paclie'd and
: stor‘ed under argon, ,
5.9 Nztrogen gas. Must be free of CO -
. | ,or scrubbed to remove CO..  ~o»
( .10 Qzalic acid. National Bu'reau - of-
, Sta dards contemporary standard. -
' 5.11 Phosphorw aczd ooncentrated ( o
percent). L o
~ PL XIG ASS VIEWING PORT - - 512 Phosphorus pentomde granular
EC OR FOR HOSE - * 5.13.Scintillator solutwn 10 g 2,5-di-

phenyloxazole - (PPO), 0:25 g 1,4-bis-2-(4-
methyl-5-phenyloxaz8lyl) -benzene (dimethyl
POPOP). Dissolve in 250 ml analytlcal-
grade toluene. . :

5.14 Sodium hydroxide solution, 5 M

5.15 Sulfuric acid, 0.0164 N. \

5.16 Strontium chloride-lanthanum chto-
ride solution: Dissolve 230 g SrCl.-2H,0 and
10 g LaCl, in distilled water and dilute to 1

liter. . ‘ -
. ~< g
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CARBON DIOXIDE EVOLUTION FLASK

A
rBC.DGHLJKO—TRAPS

E-1 - E-4. N.© GAS STORAGE CYLINDERS

F - EACTISN CHAMBER .

Figure 3—Vacuum lme for prep@n of’ ac{ene and conversnon to benzene

6. Proceduw I
6.1 Determine the volume of water sample
. requlred to contain 5 g carbon as 'carbonate

" or bicarbonate. “Alkalinity cohtributed by
_sdlcateh_borate, phosphate and other basic.

constltuents is included in the followmg esti-
mation. of . carbonate-alkalmlty Therefore,
the method underestimates the volume re-
quired if noni:arbonate alkalinity
present.

beaker add 30 ml 0. 0164’ N sulfuric acid. Test

the pH, using narrow-range indicating paper |

or a p};\meter If the pH is-above 4.5, suffi-
cient carbon is contained in
of the water sample.
6.1.2" If the _pH is less than 4.5, add a
setxmd 50-ml portion ‘of water sample to

-

o~
|

[ el

—_—

is also I

6.1,1 To 50-ml lwaterasample in 400-ml .

lj\gal (55 llters) '

METHQDS FOR DETERMINAﬂ‘I(}N Oi?(ﬁADIOACTIVE S

N 10 VACUUM =<——/

)

J’:/ / - L)
STANCES  © 5 19
. 0 G*\S ): : R *\; ‘ T . & .
AR ESUR PR
.8 B </ > . ) N ‘ ;‘
Qs E-1 ¢ =) =
- . ‘ -
- T - G4
® ,/ 75 £~ | @ 1+

MIRESERVOR (<
CODLING WATER -

L - CATALYST REACTION TUBE -
M - COLD FINGER FOR BENZENE*
P. Q. R - COLD FINGERS '
G-1.- G-7 - VACUUM GAUGES.‘

——

~the solutlon in the -400-ml - beaker Again,

test the pH. If the pH is 4.5, it
is satisfactory to use two 15 gal drums of
water sample. If the pH is still less than 4.5,
repeat the addition of 50-ml sample allquots

. to the 400-ml beaker until a pH-of 45 1s;

‘obtained. Collect one '15-gal drum for each

50-ml portlon of sample required for neu-
tralization of the acid to'pH 4.5. Six’ 15-gal

- or two 55-gal drums is the max1mum volume

collected.
6.2 Collectlon o, sample

.6.2.1 Fill each 15-gal’ drurﬁ by inserting
a hose to the bottom of the-drum and fill
until two or more drum volumés have ovér-
flowed. Remove hose, insert plugs in bungs
and tighten securely, taking care to minimize
trapped air’ Ship-to the laboratory taking
care to prevent freezing in-cold weather.

G'é’. 0 - \ ‘l"
S 5 > — L .
: _—_~(q S ] _} .
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2 hters of baritithy

" serew Mason jar, cap 1mme(hate]y, and seal

.
)

6 3 Cp]lect dissol ed carbon'cltq spe\gles by
pl’eclplt’atlon/as ba runfcarbclnate using the

: preclpltatlon apparatus shown in figure *®.

6.3.1 Attach.a 2-liter Mason jar to the
- bottom of.the precipitation EOne Run a hose
from thé 15-gal drlzm_,ﬁontalnlng the sample 'y
to the precipitator® Seal the fop platen,
sheep out the uhit with nitfogen gas to r&
move - atm( ic cdarbon dioxide. - pply
pressurized nitrogen to the°15 gal d to.
force the water »sample over into t e pre-.
cipitator. < '

A Y

u 632 Pr bltate barium  sulfatg
darbonate by heating the samp]e %h the
1mmer31on heater while st1rr1ng and adding

chloridé selutlon If sul-
»fate in.the watersainple xceeds approxi-
‘matejy 209 mg¥] (prévmus]y detérmrnednm,,"
the ﬁelq, or laboratgry), strontnfm chloride’
is usedas prggipitant. Add 5’ M sog#im
hydroxide slowly until pH of 10.4 is reached_.
to convert bicarbonate to carbonate. Stir for
1 hr while holding the temperature at ap-
. proximately 40°C. s

6.3.3, Open the bottom,valve and permlt
.¢he barium suylfate-carbonate precipitate -to
flow into the Mason jar. Rotate stirring rod
briefly by flipping control switch after 1 hr..
Repeat cycle each one-half hour for next 2
- hr, Major portion of precipitate should now
be in the Mason jar. Close bottom va]ve un-

exposed cap edges with vinyl or rubber tape.
6.4 Synthesis of benzene. The vacuum line
for evolution of carbon dioxide and its Con-
version to benzene is shown schematlca]]y

in figure 3. . :
6.4.1 Evolution of carbon dioxide from

" ‘barium- carbonate. . _ [ *

6.4.1.1 Decant most of the supernate

~ from the barium sulfate-barium carbonate

precipitate. Slurry thexemaining precipitate .
and solution and transfer to a 4-liter heavy-
walled\Pyrex flask (A). Put.a magnetic
stirrer bar in the flask, cap w1th a’two-hole
stOpper containing a’ separatory funnel, and
place on‘the yacumm line. The vadium line *
has been previously evacuated. Fill the

separatory funnel with 125 m] of 85 percent

i

o\
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I

©7 641, ﬁvacuate thé°4,i-lter flask tare-
fully ‘until bubbles foa‘% in' the slurry. Con-
tinug evacuation for 2 min. ‘ .
" 6.4.1.3 Carefully run the phOSphoru:- .
. acid from the, separatory funnel intg-the 4.
liter flagk. Carbon- dioxifle is.released from
the " s]urry -Allow the pressure to bu1ld up
to approximately 120 mm ercury
(gauge G-1)’ an .then opeh the stopcock to -
traps C and D s that pressure holds can-

stant '{frap B is cooled with isopropa
_ce. Ifs function 1{1'Qcondense water y
en, d “

"t Cand'D are cooled with liquid-nitrog

. their function is condense carbgn dioxi
4 6.4.1.4 Whdn the evolut;on f carbon '
dlo\I’&e ig- comp]eted ag shown by decrease
of pressure on gauge- T}'~1 to & onstant o
~ minimitm, carbon dfo ide cafh now be trans-'
“ferred to—tie storage., cyligders E-1, E-2,-
E-3, and E-4. Theguantity of.carbon diox-
ide is calcqlated from~the known volumé of
each cylinder (sfghtly more than 6 liters)’
~ and the pressm On gauge G-3. Remove the
liguid-nitrogen Dewar from trap C. Replace™.
the liquid-nitrogen Dewar at tra§ D with.
an isopropanol-dry .ice Dewar Carbon di-
oxide flows into cylinder ~and when
atmospheric pressure -isg~Treachgd, cylinder,
E-2 is opened and fill#d. The remaining two
cylinders are succ 1ve]y filled 1n the same'
‘way “ .. .

4 - "6.4. 1. 5 Caleulate the number of moles

of carbon chox1de -collected using volume of
'z,ach storage cylinder, gauge pressure,. and',
ambient temperature. Determlne the gr
of lithium rpetal to be used in the: followi
carblde conyersion - step by multiplying the
number of mioles by 60. '
6.4.1.6, Weigh out’ the required lith-
ium shot, an ]ace in_the steel reaction
chamber F. Evacuate the line and the cham-
ber, start the flow of cooling water through
the reactlon chamber, and turn on the heater.’
_ 6.4.2 Reduction of . carbon dloxxde -to
“lithium, carbide carbide.
6.4.2.1 When lithium s a dull-red
heat (as obseryed through the viewing port)
admit carbon (}\omde from the storage tanks
into the reactiorl chamber F. Pressure drops .

phOsphOrlC acid.

.

sharply as the reaction proceeds (G—4). Con‘-:

LY
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tinue h’eating until pressure drqps .to _m'.rn-‘ N
imum. Continue heating for 1 hr. ’Ilum-ol’f )

heat and allow to cool. "
o 6.4.2.2 The lithium carblde ‘contaxn-
'ing carbdn-14 is treated with water to form
acetylene. Unreacted lithium reacts with
. water to produc&hydrogen Carefuldy intro-
duce ‘water f@"the digtilled-water reser=
voir. The pressure rifes becguse of produc-
tion of acetylene -and hydrogen. The ace-
tylene condenses in traps I.and K which ‘are
cooled ‘with liquid n1trogen Acetylene "is-

pur)ﬁed before condensation by passage
" "through traps G, H; and I. Traps G and H are
cooled with isopropanol-dry ice and trap T
.contains ascarite and phosphorous pentoxide.
One to 1.5 liter of water is required for com-.
plete reaction. When the pressure nears at-
‘ mospherlc open the-8hamber to the vacuum
pump-to remove hydrogen as fast as it _1s/
-produced., Continue pumping after comple-
tion of the reaction. (bubbling ceages) untxl
pressure falls to full vacuum.

¢ 6.4.3 ‘Formatxon of benzene from acety-
'lenej1 -
7 6.4.8.1 The \reactxon tube L contains
g approxxmately 150 g of catalyst. Remove the
liquid nitroglen. Dewars from traps J and/'K,
and replace with isopropanol-dry ice coolant
around K only. Place a liquid  nitrogen
Dewar around the:cold finger M. Acetylene

- now sublimes from J and K and ‘condenses -

in M.

6.4.3.2 Conversion— of. acetylene' 1nto
benzene wia the aluminum oxide catalyst
‘averages about 97 percent with a good batch
ofcatalyst. Occasionally an 1nferxor batch is
- &ncountered, and conversion i3 much lower.
There is no.-way to. predict whether a new

shipment of catalyst will give high or low.’

.conversion. The percentage: .of conversion for
an individual run is determined by d1vert1ng.

- the acetylene into storage cylinder N before-

it is frozen intq cold finger M. The pressure
read1ng shown on gauge G—6 and the known

“'volume of N’ enables calculation of the moles

of. acetylene.
6.4.3.3 When acetylene is completely
. condensed in M transfer it to’-the:catalytic
reaction {ube by replacing the liquig nitro-
*

Nt J \,ﬁ - ‘- t

€

METHODS FOR DETERMINA'\I\IQ'N OF ‘RADIOACTIVE SUBSTANOES

. minimum pressure on gauge Gg6: Complete

reaction requires 2-3 hr. A second tube of
‘catalyst may be required to ach1eve complete
reaction. S )

6.5 Preparatxon for counting.

“ 6.5.1 Transfer the catalyst tube contain-
ing benzene to a vacuum-distillation appa-
ratus, Immerse the ‘receiving tube in iso-
propanol-dry ice, and after the 'system is
evacuated, heat the catalyst tube .When con-
- densation of benzene ifl the receiving tube
~is complete, remove and ‘weigh to determme
benzene recovery. j - ‘

6.5.2 Transfer 3.0 ml benzene tosa scin-
tillation-counting centainer, add 1.0 ml scin-
tillator, and count under optimum conditions
for zarbon-14. Count each sample several |
times ‘to accumulate at least 400 min of.

’

. counting time on each sample. Reject
‘early counting run results if instability is
dicplayed . o ' .

7. Calculahom : :
Calculate the apparen"t age of the sample
" from the followxng equatlon .
T= 3327‘ (logA —log A}

where

T =apparent age of sample in years, .
T, =halflife of carbon-14 in years

(5,968 yr),
A =0.950 times actxvxty (m net counts
per minute per’ gram of carbon)
of NBS oxalic acid contemporary
.standard. This value is an aver-.
age 6f several measurements on
contemporary standards, and
Aﬁ’acthty of ,sample (in"net counts’
per minute per gram of.carbon).

8. Report
Report apparent age of dissolved carbon-
14 in sample to nearest 50 yr for ages <1,000.
and to nearest 100 yr for ages >1,000.

9. P.recision :

N Precg'sion as. caleulated from she countiné’ ‘
.variances for the.sample, background, and"

-.w"w
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the a(andard counts give an optimistic esti-
mation since possible errors involved in the
precipitation of the carbon and its conversion
te benzene- are not mcluded According to
Stuiver (1972), the precision of a carbon-14
date should be +100 yr'in the 10;000-yr range
and_ '+800 yr in the 30,000-yr rangey
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° _standards are pre
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Cesium- 137 and ceglum -134, dlssolved
Inorganic ion-exchange method—gamma countmg

(R—IIIO—76)

Parameters and codes: Cesium- 137 d|ssolved (pCi/l): none assngned

< Cesium-134, dlssolved (pCi/l):

l\ Application
The combiration of a reasonably specific
. ion-exchange separation of cesium isotopes
with the- eneﬁg’y discrimination avallable
through gamma spectrometry provides a
very *specific method with potentially wide
_ applicability. Boni (1966) applied the related

. . KCFC technique to'\t;e\determination of
. cesium-137 in . milk, \drine, seawater and

freshwater. Petrow and Levine (1967) ap- -

- plied an ammonium hexacyanocobalt ferrate
(NCFC) method to the determmatlon of
cesxum -137 in precipitation. : -

2, Summéry of method .= :
. The method is 2 development of Janzer,

based on the work of Petrow and Levine

(1967), who used NCFC for the concentra-
tion of cesium. isotopes from water. The ani-
- monium compound is superlor to the potassi-
Lum compound (KCFC) used by Prout, Rus-
sell, and, Groh (1965) because of elimination
of background from, potassxum—40
The gamma-countmg technique begins
with collection of radiocesium from relatively

large volumes of water (up to 20 liters) by -

passing the sample through a column of in-
organic ion-exchanger (NCFC). Several

ured amount of st#dardized cesium-137 so-
lution in water through columns prepared in
-the ,same manner as those used for the un-
knowns. The columns are dried and then
counted using a well-type sodium iodide gam-

red by passing a meas- -

28410

. ma detector and an automatic sample chang-
er and single channel gamma spectrometer.
The signal to noise ratio is optimized by
adjusting the spectrometer window to the
cesmm -137 or cesium-134 energy peaks

' Blanks consisting of test tubes w‘tx-
changer are counted with the com tor
standards and samples for a minimum of

" three 50-min counts. The cesium concentra-
tion is calculated on the basis of the net
gamma counts observed in the standards and
samples.

.3. interferences

Ruthenium\,’iireonium-n'iobium, cobalt, and
zinc were reported’to be sorbed by KCFC

- from'neutral aqueous solutions. Sorption of = .

interfering radionuclides was reduced to less
than 0.1 percent from a 10 N HCl and 0.5 N
HF solution (Boni, 1966). Boni also noted
.that interfering radionuclides could be .re-
moved by passing the sample through 50-100

'|. mesh Bid-Rad Celex 100 in the calcium form

before collecting the cesium on the KCFC.
Ellenburg and McCown (1968) teported
_iodine-131 and. molybdepum-99 were sorbed
" in the analysis of reactor-fuel solutions using "
a slurry technique with 150 ml of sample and
50 mg of KCFC sorber. NCFC probably ex--
hibits similar sorption. The degree to which
extraneous radionuclides collected by NCFC

 may interfere during counting is a function

“of the energy resolution of the detector.
Iodine-131 might interfere using the Nal de- .

v
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* tector speclﬂed because the cesium-137

) photopeak at 662 keV might not be fully re-

_(1967).

solution dropwise (approximately g

-golved from the iodine-131 photopeak at 636

keV. Using a Ge(Li) detecor, there would

be no interference because resolution would

be complete. The combination of decay to
eliminate- molybdenum-99 (T, =67 h) . and

other short-lived nuclides and hlgh-resolutlon v

gamma spectrometry would appear to permit
specific determination of cesium isotopes.

ke

4. Apparatus

4.1 Gamma spectrometer, smgle—channel-

type. -
4.2 Glass and plastic tubing.
4.3 Glass wool.
4.4 Porous polypropylene

“disks: Cut

" from 1.5 mm -thick, 120 micrometer porous

hydrophilic polypropylene sheeting (Bel Art
F-1266 or.equal).

- 4.5  Sample changer, automatic - for . 16'
. X150-mm test tubes, coupled to a printout -

system

4.6 Slotted 16X 150-mm test tubes A 2- '

to 3-mm vertical slot, 1-mm wide, is cut into
the bottom of the test tube. Flre-pohshmg
the tubes after cutting reduces breakage.

5. ,Reag'onls ]

5.1 Ammonium hexacyanocobalt ferrate,
(NCFC) - 30-60 mesh prepared "after the
manner descrlbed by -Petrow and Levme
Add 10 ml of 05 M sodlum ferrocyamde
5 .ml/
min) to 240 ml of 0.3 M cobalt nit¥ate-1.0
M ammonium nitrate solution while stirring
on a magnetic mixer. Centrifuge slurry in
250-ml centrifuge tubes, decant, and discard
the supernate. E

Wash slurry with water several times to
remove excess unreacted salts. Dry slurry in
tubes by heating overnight in 80°C oven.

. Crush dried salt and sieve to collect 30-60

mesh fraction. Retain fines-for incorboration

- with next batch qf slurry prepared.

The measured cation exchange capacity

" for 30-60 mesh KCFC was reported by

Prout, Russell, and Groh" (1965) to range

TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS
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from 0.3 to 0.5 meq Cs/g KCFC using a cesi-
um nitrate feed solution varying from 0.001
to 0.008 M. They cAlculated a theoretical ex-
change capacity of about 6 meq/g for KCFC.
5.2 Cesium-137 and cesium-134 standard
solutions: Obtain from the National Bureau
of Standards or other commercial suppliers.
Dilute to approximately 100 pCi/ml for use.

6 Proceduro

6.1 Using the slotted 16X150-mm test:
tubes, prepare exchange columns by placing
small plug of glass wool in bottom of tube,
add 30-60 mesh NCFC to a depth of 1 cm,
and position a porous polypropylene disk on
top of the NCFC to keep it in place. Do not
compress the NCFC granules, or excessive

flow reduction will result from the slight -
. swelling which occurs. when the sorber is
~ wetted. Prepare columns as uniformly as

possible to obtain reproducible counting ge-
ometry in the well-type detector.

.2 Using 5-mm glass and plasti¢ tubing,
prepare a series of siphons which will pro-

. vide a 1- to 1.6-meter head. Firmly insert the

lower ‘end of the siphon into the numbered
test tube exchanger using a size 0, one-hole
rubber stopper,and place the upper end of the ~
‘siphon in the  water sample. Maximum sam-
ple volume normally used is 20 liters. '
6.3 Apply suction to the slaf of the test
tube to start flow. Flow rates of 1-5 ml/min .

- are normal. More rapid flow rates can be ob-

tained by using coarser NCFC or increasing

‘the siphon. head, but“contact time would be -~

reduced. accordingly. Somé€ color may be
leached .out of the NCFC during the first few

'mllhhters of flow, but this apparently has no_
-effect on the cesium collection.

6.4 When all the solution has passed :
through the column, disconnect the siphon,

_wipe the tubes dry, and place in an 80°C'oven'

to dry.

6.5 Prepare several comparator standards o

by passing a measured amount of cesium-137
standardized solution (20-100 pCi) throu,gh
additional exchanger tubes. .

6.6 AdJust the gamma- spectrometer to
obtain optimum counting in the cesium-137
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.energy region (662 keV) or the ceglum-134
energy région (605 keV, 796 keV).

6.7 Count reagent blanks, stangards, ang
samples for a minimum of three 90-Miy
counting periods each.

1

7. Calculctiom " i

- 7.1 Efﬁclency factora for cesium-137 (Eq)
and cesium-134 (E,) are calculated bY the
following equations. The efficiency factor in
cludes counting . efficiency and ch
covery. Use of standard equation 2 t§ ‘correc
~ for cesium-137 decay is not often required.
. cn
Eo dn(e—k' ") ’ . . 4

\2‘”

'E.'b=—-————dh (e—kb'n) ’

- where b

C.=average count . rate of standal‘tl
(cpm) corrected for backZI‘OUnQ
‘and blank,

d, = disintegration
~-(dpm),

Xe= decay constant of cesiug- 137
(0.02295 yr—1),

Ap= deca? constant of cesium-134
(0.0280 months—1), and

= elapséd time betweén certjfication ot

the: standard. ahd the count; in
‘same units as the respectjve -

* 7.2 'Calculation of cesium-137 and cesiumy
- 134 concentratlons 3 Use equatlon 1 where E f

T _f-.‘
WA L

rate of gtandary

is get equa) {o E, or E,..Decay correctlofl for
cesium-137 g usually not required.
1000¢ %
KVE, (e-\f)
1000¢. -
KVE, @)

pCi/l of cesium-137,=
pCi/l of cesium-184=

. 8. Report _
Report ooncentrations to one significant

ﬂmﬂ ?ﬂ’ coneentrations between 0 ‘and 10
d q‘o two significant figures for high-
er concentrations, _

9 Preclsion

Precmlon of the method is %tlmated to be
apprOleately +20 percent

4
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rRadlocesmm diss ved as cesnumvla"/

Inorganic |on-e_xchange

tR-111

ethod—beta cou ntmg
76)

Parameter and code: Radiocesium, dissolved, as cesium- 2137 . (‘anél)\/
© . none assign d : LN :

1. Applimhon A )
Application is possible when 1dent1ﬁcatlon
of individual . cesium isotopes is not required
and when interfering beta-emitting isotopes
are in low . concentration. Concentratioh
limits for interfering isotopes have not been
fully evaluated but would appear to be lower
‘than for the gamma-spectrometry technfi;ue
for .cesium-137 and cesium-134, dissolved
(inorganic ion-exchange method—gamma
counting, R-1110-76). Until interferences
are quantitatively evaluated, examination of
each _sample_fof possible interference is ad-
" vised. Applications to samples where radio-
cesium is the principal source of radioactiv-
ity would appear to be safe.
2. Summary of method :
In".the beta-counting technique (Janzer,
1973) the same ion-exchanger: (NCFC) is
used to collect the cesium-137 and cesium-
134 -isotopes .as in the gamma technique,

but a sitnpler batch operation is made pos- -
gible by the smaller volume of water used.

One hundred milligrams of the ion-exchanger

are stirred with the buffered water sample '

and then’ separated by filtration through a

paper or membrane filter. This forms a uni- -

form low-density disk deposit- that is opti-

mum for beta counting. Standards are pre- |

pared using the same technique. The sample
and standard disks are counted in a low-
background beta counter w1th antlcomcl-
dence shleldmg

).

(O

3. lnferferences

The method determines total dissolved
radiocesium concentration because individual
isotopes are not identified by this beta count-
ing. )

iNo mterferences have been found

-

4 Apparatu{s

4.1 Low-background counter; an anti-

coincidence-type counter with 2-in. thin win- - ‘

dow flowing gas proportional detector pref-

‘erably capable of measuring both alpha and
1+ beta activity simultaneously. (The Beckman

Wide Beta or Low Beta counters or equiva-
lent, with pulse height dlscrlmmatmg cir-
cuitry, are satisfactory.)

4.2 Filter, nitrocellulose membrane ﬁlters
0.45-micrometer pore size, 47-mm diameter.
A suitable filter holder assembly to facilitate
vacuum filtration using the 47-mm filters is
required. The perforated backup plate under
the filter disk must be plastic rather -than
glass because of the hydrofluoric acid "solu-

" tion used, Millipore Sterifil XX—047—10 or:-,-..-..

equwalent ig satisfactory.
4.3 Teﬂon, polyethylene, polypropylene, or *
qther acid reszgtant beakers, 600-ml volume.

5 Reagents

" 5. 1 Ammonium hexacyanocobalt fermte
(NCFC) Prepare as described by Petrow
and Levine (1967), and sieve to colLect the -

- 30—60 mesh fractlon o

27
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5.2 Ceszum—187 8tandard solution. Obtaip

from NBS or use commercial standards, ap-
pr Oxxmately 100 'f)’Cl/ml

' 6 Procedure
. 63 Place a 500-ml water sample in a plas-
tic begker.
6.2 Acidify with .concentrated hydro—

chlopic acid to'1 N and with hydrofluoric

acid o0 0.5 N. For a 500-m] sample, this re-
duireg 45 ml of concentrated hydrochloric -

and 10 ml of concentrated hydrofluoric acid.
6.3 'Add 100 mg (%1 mg) of 30-60 mesh
NCFC and stir for 10 min. After allowing
the NCFC to settle, decant the supernatant
solutijon and filter it through a 0.45-microm-
eter membrane filter (47-mm  diameter) in
" 8 vacyum-filtratign assembly.. ‘With the.last
Portion of liquid refaining in the beaker,
trangger the NCFC Yo the filter taking care
to obtain even distribution. Return the fil-
. trate to the plastic beaker, Filter through

the original filter disk a second time, and -

- Quantitatively transfer any remaining NCFC
to the filter disk with small amounts of dis-
tilleq water. Rinse down the funnel s1des,
ang cgrefully wash the filter and retained

CFC geveral times so that the filter pad is
-Dot gisturbed and a:uniform deposlt, is main- -

talned ‘
6.4 Mount the filter disk in a ring holder,

and gry ynder an infrared lamp. Gover the"

dry material with a small sheet of flastic
Wrap (kltchen-type) -

6.5 Count in the anticoincidence beta
Counter. Three 50-min counts for each sample
are ygually adequate.

6.6 Prepare standards:in trlpllcate Add
5.0 ml of 100 pCi/ml standard cesium-137
: Solution to 500 ml of distilled water, and car-

ry out the analytical procedure exactly’ as.
Wlth a sample. The standards prepared in
'\t S way are also covered with plastic film -

- 8nd nyay be retained th semipermanent use.
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If different sa.mple sizes are used corres-
ponding standards should be prepared.

6.7 Prepare blanks by running the deter-

~mination dg 500 ml of distilled water. ‘
6.8 Co e blanks and standards in the
same way as the samples '
7. Culculufion&

7.1 The cm1um-137 eﬂ‘ic1ency factor (E) '

‘includes chemical recovery and counting-

efficiency corrections and is determined by
equation 2 simplified by.treating standards
and rsamples the same so that fo factor f is
calculated. The followmg equatlon is then
used: |

E-e o _
.dﬂ(e—k‘.)..

7.2 \‘Calculation of cesium-137 concentra-

:

- tion: Use general equation 1 simplified by

eliminating the f term. Decay correctlon is
seldom required. '

; 1000¢
- pCi/l of cesium-137= °

KVE (e-¥)

8 Report

Report cesium-137 act1v1ty to one slgmﬁ-

cant figure; below 10 pCi/l and to two signifi-

cant ﬁgures ‘above 10 pCi/l. The minimum
concentrat_ljn reported is that which repre--
sents two—Standard deviations above back-
ground. This is approximately 1 pCi/l with a
500-ml sgmple and a Beckman Low Beta
counter or equivalent. '

9. Pr,e;isio‘n'
On the basis of limited data the analysis

. appears to be reproducible o *+10 percent at

concentratlons above 10 pCi/l1 with inferior .

,reproducnb1hty*£t lower concentrations.

Reference .

Janzer, V. JI., 1973, A rapid method for the de-
términation of radioactive cesium isotopes in
water: U.S. Geol. Survey Jour Research v. 1,

ll'
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Gross alpha dnd beta radloactmty, dissolved and
. ®  suspended -
| Resudue method (R-1120-76)

Pcrameters and codes. Gross alpha, dissolved as' U natural (yg/l) 80030 -
Gross alpha, suspended, as U natural (:g/l): 80040
Gross alpha, suspended, specific activity as U natural (ug/g): 01518

Gross .beta, dissolved, -as cesium-137 (pCi/l): 03515
: Gross beta, dissolved, as stronhum-90/yttrlum-90 (pCi/l): 80050 f{
Gross beta, suspended, as cesium-137 (pCi/l):

03516

'Gross beta, suspended, as stronhum-90/yﬂ'rlum-90 (pCi/l): 80060
Gross. beta, wspended specific activity as ceslum-'l37 (pCl/g) 03518

1. Application - .

The method is apphcable to any natural-
water sample. Because of restrictiqns on the
weight of residue which can be accommio-

Y

dated, the sensitivity falls off with increasing

concentrations of dissolved solids. .

" 2. Summary of method

The method is an gxtensxon of the proce-
dure published by Barker® and Robinson
(1963) for gross beta radloactwﬁ:y

A representative aliquot, biit not more ‘

than 1 liter of the’ sample including sus-
pended solids, is filtered through a tared
0.45-micrometer membrane filter. The filter

and retained solids are dried at room tem-

perature and then at 105°C, cooled, and re-
weighed to determine the, ‘weight of nonﬁltra—
. ble residue per liter.

A filtered volume of the sample contgining

no more than 150 mg of dissolved golids is
evaporated to dryness in a Teflon evaporat-
ing dish. The residue is transferred to 3
“tared, 2-in. concentric-ring, stainless-steel
a planchet, dried in a desiccator, weighed, and
counted on' a low-background alpha-beta
_counter. *The observed radioactivity is com-
pared with the activity of. natural uranium

and stront1um-90/yttnum-90 and ce81um-137 :
calibration standards, and results are re-

ported relative to these reference 1sotop%

Thus, the measured sample activity is re-

ported.in terms of the amount of natural
uranium and equilibrium strontium-90/yttri- |
um-90 and cesium-137 activity which would

| ‘give the same ‘alpha and beta count rates
‘respectively for the same weight of residue.

The gross activities are reported in terms of
equivalent quantities of reference standards
of the true alpha and beta act1v1t1es of .the

sample : v,
The accuracy of these approx1matlons de-

L.pends on'a number of variables related to the

energy distributions of the alpha®and beta.
particles and the 51m11ar1ty of the residu
used in preparatlon of the-calibration curv

- to the actual sample residue. The. method

must be regarded as -.a rapid, semlquantlta-

“tive measure of gross sample activity.

3. Interferences

* Within its intended purpoSe, the method is
free of interferences, although the accuracy

_varies considerably with the nature of the

alpha and beta emitters, chemical composi-

29 .
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. tion of the sample, and uniformity of plan- . 5.6 Uranium standard solutwn, 1. 00 ml
chet preparation. - ' "=100 fg U: Dissolve 0.1773 g of U0, _
4. Apparatus S L distilled water. ‘Add 15 *ml concentrated .

"4.} Evapogting dishes, Teflon, 100 ml. HNO, and dilute to 1,000 ml in a volumetric

4.2 Hotpl#e or steam table. flagk. Store in a Teflon bottle.

4.3 Infrared drying lamps. ; Y
- 6. P d
4.4 Low-background counting equzpment rocedure

Proportlonal counters capable of measuring

both alpha and beta activity are desirable. | - 6.1.1 Add the following amounts of cali-
" (for example, Beckman Instrument Co \),-:: bration solutions A and B to 100-mi Teflon

Wide-Beta or Low-Beta II, or equivalent). | evaporating dishes:

1

6.1 Preparatlon of beta callbratlon curve.

4.5 Membrane filters, 47-mm «diameter; Dih (A“ By ":e'ii-g"".};‘
0.45-micrometer pore size, cellulose nitrate- |5 - > ' o (m)
or acetate type. ~— ol 25 ' 10
- 4.6 Planc}ets stainless steelg2-in. diame- T 5 20
R SR S, 80 30
ter, concentric-ring type: » a 10 40
4.7 Specific conductance meter. B\ 140 " 50
4.8 Vacuum desiccator. Y S — 20 60
4.9 Vacuum—ﬁltratzon apparatus, for 47- . g—— (SOEE 200 . o gg
mm membrane ﬁlters | P | 9 ::::: ::: 250 - 90
, \ GO U — 30 100
5. Ra’gems : : . S § S 300 : 110
12 i 3 . 120
5.1. Calibration solutwn A: Dissolve 0.284 | 13 ________ _ 350 . 130 :
~ g MgSO0,-TH.O, 0070 g NaCl, 0. 026 g 14 40 . 140 -
" CaS0,:2H.0, 0.109 g NaHCOq, and 0.245 I ——-- 400 150

g CaCO, in distilled water, bubbling CO. gas To each dish and to four additional 100-ml

through the solution if necessary to obtain | Teflon evaporating dishes (Nos. 16, 17, 18,
clear solution. Dilute to 2.00 liters. | - | 'and 19) add 1.00 ml of strontium-90/yttri-

5.2 Calibration solution B: Dissolve 1.350 | um-90 standard solution. To djshes 18 and 19
g MgSO “TH.O, 8510 g NaCl, 1. 550 g also add 5 drops concentrated NH,OH.

CaS0,-2H.0, 0:508 g MgCl-6H:0, and 0.300 6.1.2 Evaporafe all the solutions to dry-
% CaCO; in distilled' Water, using CQ. bub- /| ness on a low-temppratuge hotplate. When

bling ‘as necessary f{’ dissolve. Dilute ho 2.00 dishes 18 and 19 are dry, raise heat to ap-
liters. . proximately 350°C to volatilize NH, ClL.

Note: Composmon of the callbratl n_solu- 6.1.3 Perform séeps 6.6 through 6. 11 of

" the procedure which follows.
tions should approximaté that of the sa
-to be analyzed.. Solutions A gnd B were se>  6.1.4 Plot the beta efﬁclepcy (net conmts»

. per minute per picocurie) ‘against the residue
#lected to approximate the composition aver- weight to obtdin the beta calibration cu?r

age of 12 major rivers in the U'nited States. " 6.1.5. Prgpare a beta calibration curve
5.3 Cesium-137 standard s_olution; ap- for cesium-1 followmg steps 6 1.1 through
proximately 500 pCi/ml and acidified to 6.1,4. Use .00 ml of cesium-137 standard. '
approximately 1 N with hydrochloric acid. 82 Preparaion of alpha calibration curve:
5.4 Hydrofluoric acid, 49. percent. . The alpha calibration curve is obtained in
5.5 Strontium-90/yttrium-90 standard so- exactly the same manner as the beta curve
lution, approximately 500 pCi/ml combined (step.6.1) except that 100 ug 6f uranium (1 -
activity and acidified to approx1mately 1 N ml of uranium standard solution) is substi-
" with hydrochlonc ac1d R tuted for the strontium-90/yttrium-90 beta .

.
BERY
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standard It is 1mp0rtant that the uranium
standard be in secular equilibrium w1th re-’
spect to uranium-234. The uranium isotopes
ratio may be deternfiined by, the method de-
scribed elsewhere in this manual. |

6.3 Sample analysis: Medsure the specxﬁc
conductance of each water fample. Multiply
the specific conductance in ymhos/cm at 25°C
by 0.65 to obtain an approximate value for
the dissolved:sobids concentliagxron of the sam-
ple in mg/1. Determine thé volume of sample
which will contaxn approxxmately 100 my of

- dlssolved solids:.

100 mg
mg/l
The actual 'sample resxdue should welgh
between 50 and 130 mg.

6.4 Gross radioactivity of the suspend
" solids is determined as follows: ngorou ly

Sample volume, V(l) =

agitate the sample bo?tle containing the tofal

amount of sample collected and quickly ‘po

off 1 liter of sample with suspended solids
" into a graduated cylinder. Allow sediment to
. settle. and then; using. suction, filter through,
a tared membrane filter. When’ only 100 ml-of
sample remains to be filtered, swirl to sus-
pend solids and add suspension to filter fun¥
nel. Any remaining traces of sediment may
be - transferred uging small amounts of dlS-
tilled water. - - >

6.5 Carefully_ rinse solids with a small

-

amount of distilled water, and maintain as

uniform a. deposit as possible. Remove filter, -
allow to alr-dry, and weigh. If the weight of
solids is in excess of 150 mg, refilter a fresh
ahquot of . appropmate volume.to obtain less®
than 150 mg; weigh, dry at 105°C, and count
) for alpha and beta radioactivity. «
- Although not totally comparable, the same
absorption or counting eﬁ”lclency factors for
the respective counting instruments are used
as for' dissolved solids, and tHe calculations
are made in the same way. The weight of sus-
pended- solids per liter of sample is also re-
ported (USGS .parameter code 00530) and

may be used to calculate the radioactivity as- -

sociated with the total weight of suspended

solids per liter of original sample. Specific .

activity of the solids in pCi/g of suspended

7% ?

.31

v g’ .
sohds for the equlvalent strontium-90/yttri-

%0 or cesium-137 may also be calculated.
6% Gross radloactlwty of the dissolved
solids is determined as follows: Using a tared
Teflon dish, evaporate the required volume of
. water to dryness on a.hotplate team bath.
Remove Teflon dishes fro: ate as soon
as they, reach dryness to prevent warpmg of
dishes due to excess heat. *

6.7 Determine- approxxmate weight of
residue by weighipg dish -plus resid > and-
subtracting tare &'{s}i If the w&ight of
residue falls outside the 50- to 130-mg range,
start a new evaporation uging a larger or
smaller sample volume as required.

6.8 Quantitatively ' transfer the residues
in the evaporating dishes to tared planchets
using rubber policemen and a minimum
amount of dlstll ed water to effect the trans-
fers. Confine the solution and residue to the
- three inner concentric rlngs of the planchet
—dyring the transfer. -

6.9 Dry the planchets under 1nfrared heat . -
. lamps.- Police down the evaporating dishes
\,w1th small additj amounts of dlstllled '
water and transfer to planchets.

6.10 Repeat step 6.6. If-a residue-remains
in the evaporating dish. after three washes
with distilled water, add a sgall amount of

6.11 Disperse the final liquid slurry in the
planchets as uniformly as possible, using a
- stirring rod to. disrupt large aggregates
Again evaporate to dryness.

.12 Place the planchets - in a vacuum
1?tor and evacuate to complete the dry-

eigh the plarichets and determlne the
eight of residue.: |
6.13 Count the planchets in a low-back-
ground alpha-beta counter. Obtain three 50- °
- min counts on eacR sample. .. :

- 7. Calculations

Determine th equivalent concentration of .
alpha and beta emitters-in each planchet .
from the net measured activity and the ap- -
propriate factor from a table of calibration

curves. ' . .

Lo . . o
‘f Jb . : . -

hydrofluoric acid, and use for a final policing. .
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Sepma ; t . o

. Gross o= xlg?g= 1871 as -U nafcural,’ 8. Repo ' _

Fo . Vo, : o \— . Report values of less th%n 1 pCl/l to one

_Fy- -1000° sigmificant| figure. Report "higher values to

\JGross f=Sepm BX—— V., two sxgmﬁ nt ﬁgures
=pCi/l as Sr°°/Y°° or as Cs“" : :
where T ‘e i 9 PMCISIOH -t

. Sepma= alpha count .rate of sample in

- counts per minute,
ScpmpB=beta count rate of sample in
counts per minute,

2 N\
) " F,=alpha factor in cpm/ug of natu--

ral U,

Fg=beta factor in “picocuries per -

count per minute, and
V. =aliquot used in milliliters

N

Results for a partlcular sample are usually e

geprodumble to about +20 percent at the 95-
percent confidence level. T

-

Reference
Barker, F. B,, and Robinson, i3 P., 1963, Determira-
tion of beta activity in water: U.S. Geol, Survey’
Water-Supply Paper 1696-A, .32 p.
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S -~ Lead-210, dlssolved
nynqal separatlon and precnpltatlon method (R—1130-76)

/1 )\pblicction ’

"~ taining

The method may be used with all natural
waters where detection of lead-210 »ith sen-
sitivity to 2\1)C1/1 is acceptable. Where im-

proved sensitivity is required, alarger sam- -

\{

ple than the normal 500' ml is concentrated -

by evaporation before begihning the pro~

cedure. Rama and Goldberg (196 reported
they were ahle to achieve sensitivity to 0.02
pCi/l by use of a 20-liter sample and.direct

- precipitation of lead chromate from thls

large volume.
Leagd recovery may be low in waters con-
hlgh concentrations of organic ma-

terial that can p0551bly complex lead.

-

" - mate precipitate. This i

. cause of its very softﬂbeta .
- and-61 keV which are-greatly ‘at

2. Summary of method ;o

The analytical method is designed to iso-

late lead-210 in a relatively pure lead chro-
allowed to age to
produce bismuth-210, a bety emitter with 5-d
half-life. Lead-210 is not couqted directly be-

absorptlon The bistnuth isotope decays by
beta emission with a beta.maximum energy
of 1.16 MeV, and these beta particles are

. easily counted. . .

L
3. Iniorforem:os

. Henry and Lovemd’ge (1961) have shown
that essentially complete ,separation from

radioisotopes of antimony, cesium, cobalt,
4
. iodine, phosphorous, ruthenium, strontium,

thallium, zinc, and- zirconium is achieved.
\R.adlum, thorium, uranium, potassium-40,

L

| " topy , 4
" 4.5 Low- ba,ckgrozmd counter an a.ntlcom-_ T

&

aﬁlefer and code. Lead-2'|0 dlssolved (pCl/I) none asmgned

and other natura.l radionuclides dé not inter-
fere. Lead-212 does not interfere because .of
the short half-life (10.6 hr). Stable lead in
the water safple should cause no interfer-
ence by increased beta absorption since lead
concentrations seldom exceed a few tenths of
a milligram per liter. A [roblem might be en-
countered with industrial wastes where léad
concentratlons could be much higher.

The application of the method to liquid
waste should be checked by “spiking” sam- ..
ples with known lead- 210 and determining
_percentage of- recovery. &

4. Appcratus
*4.1 Centnfuge capable of handlmg 50-ml

tubes. .
4.2 Centnfuge tubes, po )
proximately 50-ml capacity.

4.3 Copper disks, 49—mm dlameter, mini-
mum thickness 0.1 mm.

4.4 Ion-exchange columns, 1-cm ms1de di-
“ameter, 10-cm: long with 50-ml r%er\i‘oxr at[

-

ropylene, ap-

cidence-type counter with 2-in. thin window’
flowing gas proportlona.l detector preferably
capable of measuring both alpha and beta
activity 51multaneously

4.6 Magnetic stirrer-hotplate.

- 4.7 Mendbrane filters, 47-mm _diameter,
0.45-microMeter pore size. Must bermert\@ 5
warm, dilute chromic acid. »
_—4.8"Planchets, stamless
_ diameter.

4.9 Tape, cellulose, 5-cm wide roll, adhe-
sive on both sides.

steel, p-cm =

83
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4.10 Tape, ‘‘Magic Tape” (.anesota
. Mining and Manufacturing Co.), 8 mg/cm-
densxty, 5-cm width. -
411 Vacuum-filtration apparatus for 47-
mm ‘membrane ﬁlters . -

“S Reagents
5.1 Acetic acid, 25 percent by yolume: Di-

lite 1 volume glacial acetic acid with 3 vol-
umes distilled water.

5.2 Ammonium persulfate..

5.3 Hydrochloric acid, 8 N and 2 N.

5.4 Jon-exchange resin, Bio-Rad Agl-X8,
or equivalent, 50-100 mesh. '

5.5 Lead carrier solution, 1-ml=4.00 mg

' Pb+:: Dissolve 6.394 g anhydrous Pb (NO).
in 100 ml of 1 N HNO, and dilute to 1, 000 ml
with distilled water. o

5.6 Lead-210 standard solution. Suitab]e
standards are available, from Amersham/
Searle Corp., Arlington Heights,
tlons ust be kept strongly acidic (about 1N
in HND,) when dilutions are made.

5.7 Njtric acid, 0.01, M Dilute 0.1 ml of
concentrated HNO; to 120 ml.

5.8 Nitric acid, 0.001 M: Dilute 20 ml of
0.01 M HNO, to 200 ml.

5.9 Potassium dichromate solution, 4 per-
cent: Dissolve 40-g reagent-grade K.Cr.O: in
distilled water and dilute to 1 liter. ‘

5.10 Sodium acetate solution, 10 percent:
Dissolve 100 g anhydrous. NaG,H,Q. in dis-
tilled water and dilute to 1,000 ml.

5.11 Sodium carbonate solution, 1.25 M:

Dissolve 265 g of anhydrous Na.CO, in, dls- _

~ tilled water and dilute t0.2,000-ml.
. 5.2, Sodtum’ sulfate anhydrous -

5.13 Strontium carrier solution, 1 ml—60
mg Sr+?:

and diluteto 1 00 m] . .
5.14 Surfactant Dade -Aerosol OT,~
tlﬁc Products Co.

6. Procedure

. 6.1 Preparation of 1on-%(change co]umns
6.1.1" Slu 4.0 g of i n-exchange resin

with 10 ml of 8 N HCI in a 50

Cover and place\in an ultrasonic cleaner for

1 min-and allow t& stand for at-least 20 min.

TECHE‘IIQUES OF WATER RESOURCES INVESTIGATIONS

. Solu-

S

Dissolve: 145\gn Sr(NO.). in dis- .
tilled water; a.dd 1 ml concentrated HNO,'

beaker.

-

- .
6.1.2 Plug the end of the column w1th a
small piece of glass wool and wash Wlth 8N
HCI. :
6.1.3 Transfer "the resm slur com-.
p]ete]y to the column, allow to- dra1n and
settle. -

é(‘il 4 Place a small g]ass-woo] plug at
the top- of the resin column..Avoid packmg
the resin. Wash with 10 column-volumes each
of 8 N HCI, distilled water and finally 2 N

HC). The column i8 now ready for use. The -

resin is discarded after one use.

6.2 Preparation of lead-210 standard
%lanchets: Three or- more ‘‘permanent”
‘standards are prepared by preclpltatlng a
Known amount of lead-210 aslead chrdmate.

6.21 Add 5 ml of lead carrier solution

(approximately 200 pCi is convenient)
ml of<0:001 M nitric acid, Heat to 95°C
ly add 5 ml of 4 percent potassium ‘dichro-
mate’ solution, stir for several myinutes, and

_and an accurately known amount of leadg} -

digeston a h@ate for 20 min with occaslon-
_al agitation. .

6.2.2 Cool to room temperature ﬁ]ter‘
through 4 tared 0.45-micrometer membrane

1 ﬁ]t,er and wash the-precipitate with a small
" amount of distilled water oontalnlng a ;ew
- drops of .aerosol OT solution.

6.2.3 Allow the membrane and preclpl-
tate to air-dry, then weigh and calculate the

chemical yields. Mount the standards as de-

scribed in step 6.16. . Q
6.2. ‘?A]]OW the standar to age until

thie count rate- becomes constant. This will re-

Jquire 40 d. (B half-lives of bxsmuth-210) or

H

v

A

less, because’ ¥5 to 100 percent of the bis-- -

‘'muth-210 lead
.chromate,
6.3 Analysxs of the water samp]es Meas-

ure a 500-ml water sample dnto an 800-ml

copreclpltates w1th _the

. beaker, add a magnetic stirring bar and a

few drops of methyl orange indicator, and
place on a magnetic stlrrer-hotplate

6.4. While stirring, add 0.01 M nitric acid .

_dropwise until the indicator turns red. If
the sample ig initially acid to methyl orange,
bnng to color change with ammonia, then

~ back to acid side with nitric acid. Add 5 ml’
of lead carrier solution, 4.5 g of anhydrous

L
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sodlum sul‘fate and 1g ff amrpomum ;
fate ‘Cover with a watch }lass and hedt and
~ gtir at the incipient boiling point. for 1 hr. -

6.5 Add 5 mlof Stl‘@\til’.:m carrier solution

' to the sample and continue heatmg while
stirring at the’ incipient boiling point for 20
min; retrieve the magnet, remove the beaker

" from thé hotplate, and allow $he precipitate
to settle and SOlUthD to cool wl to room
temperature

6.6 Decant or syphon off as much of the

supernatant liquid as possible without dis--

turbing- the precipitate. Wash ‘the. residue
into a 50-m] round-bottom Teflon or polypro-
pylene centrifuge tube usjng a small, volume
of distilled water. Centrlfuge, and dlscard the

supernate. - . ~ -

6.7 Place a 1/)-m.1 Teflon-coated magnet in
the centrifuge.tube, add 40 ml of fhot 1.25 M
~sodium carbbnate solution, and place the tube

+ in a boiling-water bath on a magngtic stirrer-
' hotplate. Stir vigorously for 20 min.

" 6.8 Remove the tube from the bath, and
wash down any precipitate on the upper part
of the tube using a jébof 1.25 ‘M Na.CO,.
Centrifuge and decant or syphon off most of”
the supernate. Syphoning is preferable be-

 cause of the difficilty of decanting without
disturbing-the preclpltate with the magnetic
gtirrer."

6.9 Repeat steps. 6.7 and 6.8 two ‘more
‘times. - Remove the stirring bar' before the

final centrifugation. Dlscard the final super-

natant liquid. S

7 6. 10 Dissolve the lead- stron‘%um carbon-
ate precipitate in the centrifuge tube by cau-
tiously adding 15.0 ml of 2 N HCI followed
by 1.0 ml of 8 N HCL. Mix thoroughly and

- pour the solution onto the 1on-exchange col- -

- umn. Be sure the flow rate does not exceeg 2
ml/min. - o .
6.11 Rinse the centrlfuge tube with two 2-
ml portlons of 2 N HCI adding these rinse
solutions to the columh '
" 6. 12 Wash the column with a volume of 2.

N HCl equal to two column-volumes plus the
holdup volume in the column below the resin

bed. Elute with 80 ml of distilled water, col-

. [}

-

‘tion 2. ~
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lecting the eluate in a 150-m\}aker Record
the date and time of elution. This fraction
contains lead-210 free of daughter activity.

16.13 Add 3 m] of 25 percent (v/v)-acetie ..
acid and 5 ml of 10 percent sodium acetate to

the eluate, and dilute to dpproximately 75 ml,
. Heat te incipient boxlmg and add slowly-6 ml

of 4 percent potassium dichromate" solution.

-Mix thoroughly by SV‘(lrllng the beaker and-

hold near the-boiling point for 20 min - w1th :
occasional swirling. -~ -~ -

' 6.14/ Remove th ker from the hotplate '
and filter, while warin, through a tared 0.45-
micrometer, 47-mm-diameter membrane fil-
ter. Rinse with distilled water, cantaining a
few drops of Aerosol OT solution, to prevent
the precxpltate from clmgmg to the ﬁlter
funnel.

6.15 Remove the filter memkﬁ‘ane from
the filtration apparatus, ‘place onr a clean sur-".
face, 'and allow to air-dry. Weigh the filter to
determine chemical recovery.

6.16 Place the filter in the center of a 49-

‘mm copper disk, the surface of which has

been covered with a sttip of double-faced '
cellulose tape. Cover the filter disk with a
strip of 5-cm “Magic Tape,” trim to the size
of the eopper disk, and place in, a 5-cm
planchet. ;

6.17 After' an-aging penod of 7 d (or ',
_longer), count the sdmples in a low-back-

ground beta counter with a 5-cm detector for

100 min to attain sensitivity to 2 pCiy/l. Ex- .

tended counting improves-the detection.. For

example, detection to 0.7 pCi/l is possnble

with a 1, 000-mm sgount. |
)

7. Calculahons :

7.1 ‘Lead: 2L0 efﬁmency faétor (@) -and
chemical recovery factor (f,): Although bis-
muth-210, daughter of lead-210, is actually
counted, an in-growth factor is ndt used in
the’ determmat\}on of E. The standard is al-
lowed to reach equilibrium (40-d standing)

‘before counting, and the disintegration rate

at this time is controlled by the lead-210 con-
centration.’ Determine f, from the weight of
lead chromate. E is determined using equa--

B
N

!



. Ca - - "
S AT 2)
' 7.2 Caleulationt of lead-210 concentration:

. An in-growth factor is used in calculation of :
concentratlon in individual samples because
the aging time before counting (approx;-
m_ately 7 d) ig insufficient to attain equilibri- -
um. The in-growth factor for each samplé is’
obtade from a curve of the growth of ac-.

~tivity with time (ﬁg 4) or,:more accurately,

by calculation. Chemical recovery factor' is -

determined from.the ratio of actual weight of
lead chro

TECHNIQUES OF‘ WATER RESOURCES INVESTIGATIONS

te recovered to the theoretical

equatlon 3 with the te TAay of
daughter before counting and’ ‘decay during -
counting ellmmated Calculate lead-210 con-
centrations using the equation below, and
correct for decay if excessive time elapsed’.
between the sample collection and analysis.

£3 Cv
pCi/L of lead-210= 1009 ¢
VEf (e—™) (1—e\)
where ~ =

‘c=net count rate of sample after cor-

rection for background and blank
A=decay constant of lead-210 (0 03156
yr—1),

- s

S
! hd

1 . N
. ’ .
—

Figure 4.—Growth of bismuth-210 from pure lead-210 source.

weig] or 20-mg lead _carrier", the.theoreti-' t=elapsed time between collectlon of

- .cal weight is 31.20 mg of lead chromate. Use. ° sample "and .analysis, _ o
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-decay constant of blsmuth-210

. (0.1884 d—), ..
=elapsed time between elutionl of the
ion-exchange column (step 6.)J2)

* and countmg, and
vV, E' and f are as defined in equatlon 1

8 Repen t
Report concentratlons ‘of.
' pCl/] to the nearest pCi/l; hig
 tions to two significant figures.

9. Precis‘-len
. Tests with eight water sd
known lead-210 was added

‘pl% to which
ve recoveries

w

encelll

37
averaging 98 percent with ‘a mean dev1atlon
of +2, percent at concentrations above 15
pCi/l At lower concentrations the precision_

As =2 pCi/l or *10 percent, whichever 18,39
. larger,

~

H ol g(], References =

Henry, W. M ' and Lovendge, B. A 1961, Deber-
‘mination of lead-210 in Harwell eﬁluent Atomic
Energy Reéearch Estab. Rept. R-3795, 20 p. '

Raria, M. K., and Goldberg, E. D., 1961, Lgad-210 in
" natural waters: Science, 134 p. 98-99.
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Radium, dlssolved as radlum-226

Preapltatlon method (R-1140-76)

‘Paron‘\ete’r‘ond code: Radium, dissolved, as radium-226 (pCi/l): 09510

1. Apphcuﬂon

/The method is satlsfactory for applica-
tipns that do not require high precision or

radium isotope ldentlﬂcatlon such as routine-

monitoring for compliance with PCRE
standards. The application  is :stralghtfor-
ward with' waters of average cornposmon,
but the pessibiljty of increased alpha self-

absorption must be considered with waters’
of high dissolved-solids or alkaline-earth con-

tent. The internal standard technique iis used
when necessary.

2. Summcry of method

‘Radium isotopes are concentrated from a.

water sample by coprec1p1tatlon as the sul-
fate with barium sulfate. The collection of

radium is quantitative even though the solu- |

bility produ¢t of radium sulfate is not ex-

‘ceeded. ‘Although 'the coprecipitation collects

all rad;um isotopes, radium-226 is usually the
predomlnant isotope. Results are consequent-

ly reported as concentration of radium-226.

. Isotopes of thorium, lead, and polonium car-

N

ried down partially or completely by the bari-

um sulfate may also contribute to, the alpha.
‘count.-The analytlcal procedure is taken from

Barker and Johnson (1964).

The precipitate is collected by filtration |

through a plastlc-membrane filter, and is
counted in a low-background thin w1ndow

alpha counter after a suitable delay to allow

in-growth of alpha-emitting daughters. This
increases the sensitivity by a factor of 4 (at
equilibrium). The count rate of the sample is
compared against that of a radium-226
standard carried through the procedure.

by the preclpltate it is essential to eep the

Radioactive impurities in the reagents may
be significant. Reagents are selected, and

weight of precipitate constant in the sampl
“standards, and blanks.  High salinity
(brines), colloidal matter, and high concen-
trations -of strontium or barium may cause
problems by adding to the mass per unit area
of the precipitate. Correction for increased

. |- absorption is made by use of internal stand-
i ard techmques ‘

3. Intetferences ‘

Alpha-emitting -nuclides of thorium and
polonium may be carried down.with the pre-
cipitate, but -their concentrations are not
sufficiently high in mostnatural _water to con-

stitute a problem.

4. Apparatus

4.1 Beaker, 1,500 ml.

‘4.2 Filter flask, 2,000 ml.

4.3 Membrane filter, 47-mm diameter,
0.45-micrometer porosity. ’ '

4.4 Filtration assembly, for membrane fil-
ter including funnel, sintered glass-filter sup-
port and clamp. : . o ‘
.5 Ring-and-disc sample mounts, 47-mm
dlameter. '

4.6 Low-background counter, an anticoin- -

c1dence—type counter with 2-in. thin window ~

flowing gas proportional detector preferably
capable of measuring both alpha and beta
activity simultaneously.

‘ 39
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S. Reagents ‘o

5.1 Ammonium sulfate solution (40 per-
cent, by weight).: - Dissolve 1,600 g of am-
monium sulfate in a minimum volume of hot
distilled water. Cool to room temperature and

filter. Dilute the solution to approximately 4

liters in a 4-liter bottle.

5.2 Barium ¢arrier solution (1.40 mg
Ba*2 per ml) : Dissolve 1.246 g of barium
chloride dihydrate in distilled water, add 5
ml of concentrated HCI, and dilute-to 500 ml.

5.3 Hydrochloric acid, concentrated.

5.4 Methyl orange indicator solution. -

5.5 Radium standard solution I, 50.0
pCi/ml. This solution is prepared from Na-
tional. Bureau of Standards’ exfcapsulated
.radium standard No. 4955 which contains
0.100 % 10~* curie of radium-226 in 5 ml of 5
.percent HNO,. Rubber gloves should be worn
in preparing a standard soluition ky the fol-
- lowing recommended procedure.

‘ 5.5.1 Place the vial containing the
- radium standard in .a clean, heavy-wall,

small-neck bottle or flask of 250- to 500-ml -

capacity. Add 50 ml of 3 N HCI], and stopper
securely with a polyethylene stopper.

5.5.2 Place the bottle (or flask) in a
strong plastic sack and, holding the stopper

firmly in place, shake vigorously to break .

the vial. 4 ol
'5.5. 38 Decant the solution mto a 2-liter
volumetric flask.

5.5.4 Rinse the bottle W1th 50 ml of -

3 N HCI, and decant into the 2-liter flask.

. 5.5.5 Add another,50 ml of 3 N HCl, and
wash thoroughly ~ using the ultrasonic
cleaner. Decant into the 2-liter flask.

5.5.6 Rinse with 50 ml of 8 N HCl De-
cant into the 2-liter flask.

' 5.5.7.Repeat steps 5.5.4 and 5.55 al-
- ternately, three more times each.

' 5.5.8 Dilute the solution in the 2-liter
flask to 2,000 ml with distilled water and
mix thoroughly.

The final concentrations of radium and
hydrogen ion in this steck solution ‘are:
(Ra+?) =50 pCi/ml and (H+) =0.75 M.

" 5.6 Radium standard solution II, 1 ml=10
pCi: Transfer 50.ml of the radium standard
stock solution to a 1250-ml volumetric flask

and dilute to volume - with distilled water.
Add a small, clean disk or foil of 22-carat
gold (surface area = 4 cm?) to the solution
to remove polonium-210. This disk should .
remaih in -the standard solutlon continu-
ously.

5.7 Sulfuric aczd wash solution: Dilute
5.ml of concentrated H.SO, to 1, 000 ml with
distilled water and add'3 to 4 drops of Triton

- X-100 surfactant (Rohm and Haas Co.).

6. Procedure

6.1 Measure 1,000 ml of the sample, pre-. -
viously filtered if necessary, into a 1,500-
ml beaker. If the sample contains more than
350 mg/] of calcium, take a proportionately
smaller volume and dilute to 1,000 ml. If a
sample is believed to contain sufficient quan-
tities of barium, strontium, or other dis-
solved or suspended material to add. more

_ than 1 or 2 mg to the weight of the pre- "
cipitate, the internal standard modiﬁcation

should be used (sec. 6.8).
" 6.2 Prepare duplicate standard solutions,
each consisting of 5.00 ml of radium stand-

.ard solution (1 ml=10 pCi radium-226) di-
Juted to 1,000 ml with distilled water, and

a blank solution consisting of 1,000 ml of
distilled water. Add a few drqps of methyl
orange indicator, and adjust the pH to ap- .

- proximately 3.5 by dropwise addition. of con-

centrated HCl (or NH,OH followed by HCI

if the sample has an initial pH below 3.5).

6.3 Heat blank solution, samples, and .

standard solutions to incipient boiling point,

and readjust the pH to approximately 3.5.
6.4 Add 3 ml of the barium carrier solu-
tion to each beaker and stir vigorously.
While stirring, add 15 ml of saturated am-
monium sulfate solution. Continlie heating
near the boiling point for an addltlonal 15
to 30 min.
6.5 Allow the prectpltate to dlgest at
oom temperature for 4 hr or longer, then
t the precipitate on 2 membrane filter.
Police down the beaker carefully to ensure
complete transfer of the precipitate to the
filter. Wash the precipitate with small vol-
umes of the sulfuric acid wash soélution. The
barium sulfate precipitate should be evenly

Ca

o -
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dlstrlbuted to minimize s f-absorptlon of
alpha particles. A fine jet 0f the wash golu-
tion can be used to redlstmbute the pfempl'
tate on the filter and to obtain unifoym dis-
tribution. ®

6.6 When the membrane filter is praCtl"

. cally dry, mount it in the ring- and
holders.
6.7 Determine the ;alpha activity of the

blanks, standards, and samples after allow-

ing the precipitates to age 15 d (or longer)-
“Count each planchet for 100 min.

6.8 For those samples suspected of hay-
ing excessive absorption loss of alphy radia-
tion, repeat the analysis nsing the mternal
. gtandard procedure as follows: Prepate 2

second sample as in 6.1. Add 5.00 ml of .

radium standard selution (1 ml*lo pCi).
Proceed with the analytical determinatjon as
before, and
the count rate of the sample containing the
internal standard and the count rate of the
sample is the basis for calculating tpe effi
ciency factor to be used.

7. Calculoﬂons

7.1 The “radium as radlum-226”

' lowing equation ¢

‘where :
¢,=average count rate of starldard
(cpm) corrected for background
and blank, and
d, = disintegration
(dpm).
7.2 The “radium as radium-22¢» effi-
ciency factor (E,), for the interna] stand-

.
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ount. The difference hetWeen -

effi-
cieney factor (E,) is calculated using tpe fol-

rate of Staﬂdal’d\

41

ard procedure is calculated using the fol-
long equation : . :
. e
B d”ﬂ
where . .
=average count rate (cpm) of the
,,.:‘; Sapyple ‘containing the internal -
> stapdard, and
_known dlsmtzgration rate (dpm) -
of the intefnal radium standard
added to the sample.-
7.3 Caleulgtion of radium gross alpha
concentratlon normal procedure Use equa-
tion:

' oCi/l of Ry (as radium-226) =

Chna

N E,—

1000 ¢
o KVE,

7.4 Calculgtion of radium-gross alpha
concentration, internal stagdard pr edure
Use equation: :

. 0
pCi/1 of Ry (as radium-226) 1000

S e—————,

KVE,

8. RQPOI"

Report concentratlons less than 1.0 pCi/l
to one signifigant figure and concentrations
above 1.0 PCY/| to two significant figures.

‘|¢ 9. Precision

Reprodumbu,ty at the two standard de-
viation level ig ;pproxlmately +1.0 pCi/l at -
concentratlons of 0.5 pCi/l and below. Re-
roduclblllty is to approximately +20 per-
cent at highey concentrations. .

Reference
Bal‘ker,E B., Qnd Johnson, J.A0., 1964, Determina-

tion of Tagjym in water: U.S. Geol. Survey
Water-SuPply Paper 1696-B;%29 p. ,
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AU Radium-226, dissolved L
Radon emanation method (R-1141-76) .

Y

Parameter und codé:v‘Rant)iium.->226, dissolved_'(pCill): 09511

1. Applicaﬂon

The method is apphcab]e to any water IE

sample
) »

- 2. Summary of method

The method is based on the isolation of
radon-222 produced by radium-226 and
‘measurement of the alpha activity of the
- radon and ‘its short-lived daughters. The
- method is specific for radium-226 in contrast
to the precipitation method of Barker and
Johnson (1964). The procedure represents
* an improvement of the emanation method of
Rushing (1967) in the substitution of ‘a
complexmg agent to redissolve prec1p1tated
barium ‘sulfate. Formerly a complex proce-
" dure for resolution involving a strong agid,
ashing, and evaporation was requir
is measured in a modification of -
scintillation cell of Lucas (1957).

3 Dissolved-radium in filtered water is co]--

lected by coprecipitation with barium sul-
fate. The precipitate is centrifhiged and then
dissolved in alkaline sodium diethylene tria-
mine pentacetate solution.” The solution is

transferred to a radon bubbler, and arny |-

radon present is removed by purging with

helium gas. Fresh radon is then allowed to .

grow in. After several days the ingrown

radon is purged into an alpha scintillation:

cell, short-lived daughters are allowed to
grow in, and the alpha-count rate is then
determined. The radium-226 concentration
in the original water sample is calculated
from the radon determination on the basis
of the rate of radon production with time.

»

A

. Radon -
e alpha

s

" 3. Interferences‘

- taining

- .

The method  is normally spec;ﬁc for
radium-226. Radium-223 and raditim-224
produce radon-219 and radon-220, respec-

' tively. Neither of these interfere directly,

but the 10.6 hr lead-212 from radon-220 has ‘

" alpha-emitting daughters which could -inter-

fere. A wait of.2 or 3 d before counting

eliminates the interference. The alpha-emit-
" ting daughters of radon-219 hdve no effect

if sufficient waiting time is allowed for com-
plete decay of the 36 min lead-211.

-~ N

4 Appgrcnus

4.1 Alpha-counting appamtus scal-er and
high voltage .power supply, preamp and am-

,phﬁer with discriminator.

'4 2 Beaker, 1,500 ml. 4

4 3. Gas delivery system, for helium gas.
4.4 Mi ixer, wiggle-plate or ultrasonic type.
45 Radon deemanation train and bubbler

(fig. 5).
4.6 Radon‘ scintillation cell and housmg‘

(fig. 6). .

5. Reagents

. 5.1. Barium carrier solution, 50 mg bar-
ium/ml: Dissolve 75.81 g barium chloride
(BaCl.) in distilled water arnd dilute to 1,000
m).

5.2 Defoaming emulsion, Dow Cornmg
Anti Foam H-10 emulsion, or equivalent:
Dilute to approximately 4 to 5 percent solu-
tiorl with distilled water before using. '

5.3 DPTA-TEA solution: Dissolve 10 g
of sodium Kydroxide pellets in a Beaker con-
0 ml] of distilléd water, and stir in

43
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BUBBLER WITH POROUS
DISK AND STIRRING BAR

- DRYING TuBE
- SCINTILLATION CELL
- MANOMETER. 80 cm

- HELIUM IVER
SYST DELIVERY

- GEARED MOTOR WITH
ROTATING MAGNET

- J ot

FiSure.s sRadon deemanation traip and bubbler.
001d~water bath until dissolved. Add 20 g of
purlﬁed alethylene triamine penta acetic_
acid (DPTA), and continue stirring until
dlSSOIVed Add 17 ml of 50-percent triethano-
lamine, mix and dilute to 100 ml. Store in
Teflon pottles

5.4 Radium standard solution I, 1 ml=
5'0.0 DCi: This solution is prepared from Na-
thII.al Bureau of Standards’ encapsulated
radium gtandard No. 4955 which contains
0.100x 1~ curie of radium-226 in 5 ml of
5 percepnt’ HNO,. Rubber gloves should be

. WOrn jp preparing a standard solution by

the fOIIOng recommended procedure.

5.4.1 place the vial containing the
radiuy, ‘standard in & clean, heavy- wall,

small.f.eck bottle or flask of 250- to 500-ml -

capacity Add 50-ml of 3 ¥ HCI and stopper
sec urély with a polyethylene stopper.
'5.4.9- pPlace the-bottle (or flask) in a

durable plastic sack, and, holding the stopper |

o . 4

TECHNIQUES - OF WATER-RESOU&ICES INVESTIGATIONS

wash

.
“

ﬁrmly in place,. shake v1gorously to break
‘the vial. 3

5.4.3 Decant the solutlon into a 2.liten

volumetric flask.
(5.4.4 Rinse the bottle with 50 ml of 8N
HCI and ‘decant into the 2-liter flask.

5.4.5 Add another 50 ml of 3 N HCl-and
thoroughly using the -ultrasopic
cleaner. Decant into the 2-liter flask. -

5.4.6 Rinse with 50 ml of 3N: HCl De-
cant into the 2-liter flask. :

5.4.7 Repeat steps 5.4.4 and 5.4.5 alter-
nately, three more times each. 4

. 5.4.8 Dilute the solution in the 2-liter

ﬂask to 2 liters with dlstllled water and mix

thoroughly
The final concentrations of radium and
hydrogen ion in the "stock golutions are:
(Rat?)=50 pCi/ml and (H+) =0.75 mole/l.
5.5 Radium standard solution II, 1 ml=
1.000¢ pCl Dilute 10.00 ml radium standard
solution I and 10 ml of concentrated HCl to
500 ml with distilled water.
5.6 Sulfuric acid wash solution: Add 5 ml
of concentrated H.SO, and 3-5 drops of Tri-
ton X-100 to 4 ljters of distilled water.
5.7 Sulfuric acid, concentrated.

6. Procedure

i

6,1 Copreclpltatlon of radlum w1th bar-

ium sulfate.. :

6.1.1 Add 5 ml concentrated hydro-
chloric acid to 1,000 ml of filtered water sam-
ple contained in a 1,500-ml beaker. '

6.1.2 Add 1 ml of 50 mg/ml barlum
carrier to the sample and stir.,

6.1.3 Cautiously add 20 ml of concen-

trated sulfuric acid to each sample with con-

gtant stirring. .(Use of a 500-ml dispensing "
flask fitted with a 50-ml delivery head facili-
tates the .acid addition.) Stir well after the-

"acid addition. Allow barium sulfate precipi-

tate to settle overnight. 7S
6.1.4 Carefully remove the supernate by
decantation or suction, and quantitatively

transfer the balance of the supernate and -

precipitate to a 40-ml centrifuge tube using:
a rubber policeman and small quantities of
dilute sulfuric ac1d-Tr1ton-X -100 w}\?h solu-
tion. ~
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SCINTILLATOR CELL - KOVAR

BELL COATED INSIDE WITH
ACTIVATED PHOSPHOR

QUARTZ WIN
TO SCINTILLATOR BELL °
PHOTOMULTIPLIER TUBE

. oy
VOLTAGE DIVIDER - |

POLYURETHANE CENTERING
RING AND SUPPORT

HIGH VOLTAGE AND
SIGNAL CONNECTION

LIGHT-TIGHT - METAL
HOUSING

ELASTIC LIGHT TIGHT
FELT SURROUND

Figure 6.—Radon scintillation cell and housing. ‘ |

6.1.5 Centrifuge as necessary, decant,
and dlscard supernate. .

6.1.6 Add approximately 10 ml of dlS-
tilled water and 1.5 ml of DTPA reagent to"
the precipitate in the centrifuge tube. Dis-
perse the precipitate in each tube by v?sing a
wiggle-plate mixer*'or ‘an ultrasonic unit.
Place tubes in a wire rack, and immerse rack
and tubes to a depth of approximately 1 inch
., in a boiling-water bath.

* 6.14 Complete dissolqtiori should oecur
within a few minutes if the barium sulfate
“pellet” was adequately dispersed. Qccasion-
ally, volume of solution in the centrifuge
tubes may decrease by 4—5 ml as a result of
prolonged heating, and the precipitate may
not ‘dissolve. Addition of distilled water to
bring the volume to approximately 20 ml
maximum plus.additional reduap%on and

_heating, will usually result in rapid dissolu-
tion of even difficutty. soluble precipitates.

After the precipitate has dissolved, cool th@

tubes,
1

.4. ')...‘

a

I

6.2 Deemanations. -
6.2.1 Using a funnel with a fine tip,

transfer the cooled solution to a clean bub-

W CEMENTED’

bler- Wash-the tentrifuge tube several times .

with distilled water,” and add the washings

sufficient additional water to the bubbler
to ldave app ately 2 cm of airspace at
the top. Add 1-3 drops of 4 percent silicone
defoaming emulsion to the solution in the
bubbler to minimize frothing during purging.

6:2.:2 Attach stopcock and “O” ring to
bubbler using clamp,. leaving outlet stopcock

_on bubbler assembly in‘open position. Attach

helium line (3-5 psi) to inlet side of bubbler.

Slowly open stopcock on inlet untll\a stream

of fine bubbles risés from the porous disk.
Maintain a steady flow of bubbles through
the sample for approximately 20 min to com-
Pletely purge all ingrown radon from the
solution. Close-inlet stopcock and allow pres-

sure under porous disk to equalize momen--

tarily. Close outlet and record the day, hour,
and mmute This is zero time for the growth

»
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of, radon that will be removed in the second
deemanation and’ counted

6.2.3 Allow from 2 to 20 d 1n-growth'
time. for radon-222y.depend1ng apon the

radium-226 concentratidn in the original
sample, volume of sample used, and so forth.

6.2.4 The second deemanation is made.

: by setting up the bubbler as in 6.2.2 except
that both stopcocks. are initially closed. At-
tach bubbler to drying tube with “O” r1ng
and clamp. Evacuate purging assembly, in-
cluding cell, with vacuum pump for approxi-
mately 1.5-to 2 min. Clpse stopcock at vacuum
pump, tum pump off, and momentarily crick
vacuumgpMp connection. Open stopcock in
helium’ line above bubbler-inlet stopcock and
.momentarily. crack “O” ring, connection to
purge trapped air from line and bubbler- mlei
connection. Clamp and allow system:to stand

for approxxmately 2 min. If system leak\

manometer meniscus will flatten or manome

ter will beg\n to fall. If meniscus remains

stable, proceed tg next step.

6.2.5 Car

porous disl for fine bubbles). Alloy vacuum
to equ111er
cessive risk
drying tube).
. in a few seconds. Slowly open outlet stopCQck
complete. Then continue with purgmg by

drawing liquid sample ‘into

slowly opening bubbler-inlet stopcock,fcheck-
ing porous disk carefully for rising bubbles.
" (Flow rate must be closely controlled again.

at ‘this ' point, to prevent -sudden surge .of
liquid into drying tube.) Allow pressure to

build up slowly, controlling manometer fall.

. rate to complete purging in 15-20 min. To

prevent cell leakage during couhting, close -

the cel} stopcock at approximately 4 mm be-
low atmospheric pressure. . . s
6.2.6 Close down purging agsembly stop-
cocks from cell to helium inlet i
rapidly as possible. Record ti
bubbler . from assembly quiekl
outlet stopcock mom_entanly tor
pressure. . ' )
6.2.7 Place cell in light-tight courting
_ ghamber. Allow to age 3 or 4 hr before count-

.

_—

e. Remove
,and crack
se helium

i ully open bubbler- outlet stOp- v
cock until manometer begins to fall (check '

slowly (otherwise there is ex--

ubbling will slow appreciably:.

wt e
~'two or more photomultlpller-counrtlng sys-

sequence as

-\ /

TECHNIQUES OF ‘WATER-RESOURCES: INVESTIGATIONS

‘ing. Count overmght *(1,000 m1n) for the

average water sample.

6.2.8 ‘Dates, times, counts "and all other
pertinent sample information should be re-
corded on data and calculation sheets.

- 6.3 Calibration of equ1pment One low
(=10 cpm) and one high* (=1, 000 cpm)
count rite disk standards ake useful for rou-
tine instrument caljbration tests' and for de-
termining = photomultiplier tube plateau

curves. Prepare by prpcipitating each of-two

standards containinf 5 and 500 pCi of

radium-226 with 50 meof barium sulfate re- . ~

- dpectively as previously described. Mount the .

precipitate by filtering through a 47-mm

0.45-micrometer membrane filter. Dry and
place on the disc of a ring-and-disc assembly.
After drying, cover the preclpltate on the fil-
ter with a Mylar disk coated with an’ alpha-

‘sensitive phosphor. The dull phosphor-coated

side should be placed against the sample.

.Cover with, the ring, press into place, and

then seal the assembly with several pieces of - ‘

cellophane tape to prevent it from separating.

The high count rate standard is used to de-
termine the plateaus for each photomulti-
plier tube, and the appfopriate operatlng

ment operating conditions at low count rates
comparable to those of typical samples.
Frequently operating characteristics of

tems are sufficiently similar to enable the use
of a single hlgh-voltage power supply.
Minor dlﬂ'erences in the counting eﬂ‘iclen-

"¢y of each unit can be adjusted by the use of
“a focusing potentiometer on each photomulti-

plier housing.

Long-term instrument backgrounds
should be obtained for each counting system
and should not generally exceed 0.005 cpm.

Scintillation cell background count rates

/ehould be determined periodically for. each
c

ell in combination with each’ instrument.
Generally, background count rates are deter-
mined using a minimum of 1,000 min."Back-
ground count rates for a specific cell may
vary considerably from one instrument to an-

44
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_voltage is then chosen accordingly. The low
‘count rate standard is used to check instru-

.
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other, but should not g;anerally exceed 0.10 to
0.15 cpm. -

After.long use or after ‘counting a high-
radium-content sample, background rates in
sofhe-scintillation cells may became excessive
(>0.15 cpm) for low-level work. In that
event the cells must be used only for rela-
tively high-léyel samples. Original low back-
ground may be red by rebuilding.

. 6.4 Experimental determination of count-
mg efficiency: The counting efficiency of each

scintillation cell varies between cell§ and-be-

tween countmg instruments. Consequently,
for the most dccurate work, the counting effi-
cienky of each' scintillation cell should be de-
. termlned in each 1nstrument in whlch it is
used.

The counting efficiency for each cell-
instrument unit is determined by counting
radon transferred from a “standard bubbler”
containing a measured amount of radium-226
. standard solution. A minimum of four or five
standards or one.for each counting instru-
ment enables four or five cells to be cali-
-.brated simultaneously. Waiting time for
radon ih-growth is also considerably reduced
as compared to that required if only one
standard is avallable

‘Standards are prepared by pxpettmg 10.0

‘ml of 10-pCi/ml radlum 226 standard solu- |-

tion directly into each of several bubbler
" tubes. The tubes are fitted'with an “O” ring
stopcock assembly, and then deemanated to
"determine the zero in-growth time for radon
in the same manner as a sample. Barring any
‘spillage or breakage, the standards will last
indefinitely and can be deemanated every 4 or
5 d to provide radon for calibration purposes)

- Cell-countmg eﬁic1er_1c1es. are genera‘lly
-about 5.3 cpm/pCi of radon-222 after in-

growth of daughters for 3 hr, but this may
-

vary considerably- dependmg wpon factors

including the age of thé cell, phototube condl—

tion, and moisture in .cells. Erratic results

are sometimes obtained as a result of im-|

prdper cell or instrument grounding, loose
connections, noisy power lines, and.so forth}

o Y
.

7.1 Radon counting efficiency factor
- (E). The calculation requires corrections for
radon in-growth and radon decay: The radon
in-growth and decay ctirves and their rela-
tion to the time int8rvals that appear in the
equation are shown in figure 1. Substltute
the expenmental data obtained for  each
ce]l-lnstrument unit (sec. 6.4) into a modi-
ﬁed form of equajion 4. :

c,.
dn(l_é- ) (e“’)!'
~ where - I el

7. Cakulatiéns ‘

= decay constant of radon 222
(1. 259 10—+ mln"‘) :

t,=time—interval for buildup of .

radon between the previous

deemanation of the standard

-(point A, fig: 1) and the pres-
~eng‘deemanation (point B), -
ts=time interval between deemana- .
‘ txon standard (point B) and

count time (point C),

tf="half the time interval between
" the beginning (point C) and

. the end- (point D) jof the
counting time, and

® a1ld d, are as defined in'equation 2. -

7.2 Calculation of radium-226 concentra-
tion: Efficiency (E) used for an individual
“sample is that determined for the cell and
instrument used to count the sample. An in-
growth factor is introduced because of in-
growth of radon with time after the first
deemanation. Use a modified form -of equa-
tion 3 when counting time is less than 3,600

. minutes. ’ : L
pCi/l of radium-226 - :
T | 1000C
y " KVE (1-e-\h) (e=Mt)’

I,

%

~

m1dp01nt of the . counting
t .
tlme‘\ b —,
. h ) ) 2 2 "
- where o _ _
'« o te=time interval between deemana-
‘%g/’ tion of the standafd, (point.
B) and the beginning of the
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{where. . . N
- t;=time interval for in-growth of
radon betwen first deemanation
~ (step 6. 2.1) and second deemana-,
" tion (step 6.2.5) of the sample,

* and '

ty=time 1nterva1 between second de-

o .. emanation of the sample (step’
6.2.5) and midpoint of the sample

countlng tm\le, —tz+—t2i‘
The other symbols are as defined in, sec-
t10m7 1.
When counting tlme exceeds 3,600 min-
utes, use equation 3 including the term for
~ correction for decay during-the count.
- pCi/l of radium-226 '

/\ \ TECHNIQUES OF WATER- RESOURCES INVESTIGATIONS

NS

, where

)

= delay before cour;tmg, ‘point B to
C, figure 1, and : ‘
a>time interval of count, point C to D.

“\The other symboIs‘al"e as defined in 7.1

and 7.2. L

. Radon decay and 1n-growth factors are
easﬂy and accurately calculated with an elec-
_tronic calculator having natural ‘log and e®
functions. The table of
(e~™)remaining after radioactive decay for

" gpecified times,” for commonly used time in--

tervals (table 1) may also be used.

,./
P

8> Iieporf v
less than .0.10

» Report concentratrons

. - * . 1000c¢s, pCi/l to ong significant figure and&lues
KVE (1—-e—M4) (e—Mh) (1I'—ehh) ’ above O 10 pr/l to two 51gn1ﬁcant figures.*
. _
) Table 1.—Radon fractlon (e*') rémaining after radnoactlve decay for specnfed times
. ) (Radon T% = 3.823 d]
Days Hours ~ _ Minutes- Time Minutes
0.834,18 o 992,47  0.999,87 81 oo 0.996,10
696,86 985,00 .999,76 32 ot . .995,98
580,46 977,59 999,62 33 e .996,86
484,21 970,23 - 99960 .| 34 o .. - .995,73
403,91 .962,93 999,37 35 e .996,60
336,93 .956,68 .999,24 36 —comomman Y . 995,48
281,07 .948,49 999,12 % e e 995,35
234,46 .941,36 90899 |W . 995,23
195,568 934,27 .998,87 39 e .995,10
163,16 927,24 .998,74 40 ol 99498
136,09 920,26 998,62 | 41 oo .994,86
113,63 .913,33 .998,49 P 994,73
094,70 .906,46 998,36 43 .. 994,60
079,00 .899,64 .998,24 .994,48
065,90 892,87 ) | .998,11 .994,35
054,97 .886,16 ' 997,99 994,22
045,86 .879,48 .997,86 .994,10
038,26 .872,86 997,74 . .993,97
031,91 .866,29 997,61 9,93,85
026,62 86977 .997,48 50 _-_\ _____________ 993,72
022,20 " 863,30 997,36 | 61 .M .998,60
018,52 846,88 997,23 B2 o omieo .993,47
401545 840,50 997,11 [ R 993,36,
012,89 834,18 .996,98 B4 o eeeeee 993.22"
010,76 = _..___ -,996,86 B o o ____. .998,10
" 008,97 el 096,78 | 56 tooemooe 992,97
00748 ______. .996,61 - A -, 992,86
006,24 ______ .996,48 1 S .992,72
005,21 ______ .996,36 B9 e AV .992,60
004,34  ______ .996,23 1) J . 992,47
/ .
5;' *

ERI

Aruitoxt provided by Eic:

“Radon fraetion

s
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L
’.-

9. Precisjon

-'On the basis of llmltéd data the _precision '

at the 0.10 pCi/l level is estimated at +20
. percent Above 0.10 pCi/1 the precision is
' estlmated at +10 percent

| References .
Barker, F. B., and Johnson, J. O., 1964, Determina-
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‘tion of radium in water: U.S. Geol. Survey
Water-Supply Paper 1696-B, 29 p.

Lucas, H. F., 1957, Improved low-level alpha ‘'scin-
tillation counter for radon: Rev. Sci. Instr,, no,
28, 68 ‘ '

.Rushing-, D.  E., 1967, Determination of dissolved
radium in water: Am. Water Works Assoc.
Jour. no. 59, 593-600. '

~y

' ..;JJ

‘ g
) - v
- .
. ‘.
S
e
!
\
-3
f



" ."‘ ' SRR
Radlum-228 dlssolf?f S

Determmatuon by separatlon and counting of actlmum-

- 228 (R-1142-76)

Parmc:l/:r and code Radlum-228

)

s
1. Application

The method is applicable to all natural-
water samples. Applications to samples con-

- taining reactor effluent or other contammants.‘ -

‘have not been evaluated(”

2. Summary of method . 4

~ The method is based on the chemical sepa-
ration and subsequent beta counting of ac-,
tinium-228," the daughter of radium-228.

Radium-228 is not_determined directly bes

cause of the dlfﬁculty of countmg its weak
~beta emission in the presence of Sther alpha-

emitting radium isotopes and their beta-emit-

ting daughters (Johnson, 1971).

3. Imerferences

S

No chemical interferences have been de-

‘tected. Because of chemical similarity, radio>~

" nuclides of the actinide elements and the

rare-earth elements may accompany the %c-' '

tmmm precipitate. Significant concentrations
of these would be. expected only in areas
where myclear ®usion ormuclear research is
carried on.

Radiochemical mterferences are unhkely
to occur in natural waters. Decontammatlon
factors for other natural r;;d‘z:nuchdes ap-
pear to be 5,000 or greater Exhaustive tests
for “artificially produced radlo\ riuclides have
not been made, but little or no interference
has been detected for cesium-137, strontium-
90, and yttrium-90.f Lanthanum-140 appears
to be the most probable mterference, but this
and other rare-earth nuclides would be en-

N

e

e

dissolved (p_Ci/I)': né’ne’assigned
I
countered only in waters contammated by
reactor effluent. . -
Success of the method at low levels of
radioactivity depends largely upon use of re- -
agemts essentially free of radioactive con-
tamination. Purity of the yttrium reagent is
Iespecxally 1mporta )4

4. Ap armus

4.1 Centmfuge
4.2 Centrifuge tubes, 40- or 50-ml capacx-,
ty, heavy-walled :
4.3 Drying lamp, infrared, mounted in
‘ringstand. - . .
-4.4 Hotplate. '

4.5 Low-backgrounti counter, an antico- -

incidence-type counter with 2-in. thimwin-
dow flowing gas proportional detector prefer-
ably capable of measuring, both alpha and
beta activity simultaneously. | °

4.6 Planchets, 50-mm. dlameter, concen-
tric-ring type. »

4.7 Stirring rods, Teﬂﬁn

5. Reagents ' s
5.1 Ammonium h;droxide, concentrated.
5.2 Antmo%ium sulfate solution, 200 niy/
i

ml: Dissolve 200 g of ammonium sulfatesi

“distilled water and dilute to 1 Titer.

5.3 Ammonium sulfide solution, 2 pexcent:
Dilute 10 ml of 20-23 percent agueous am-
monium.sulfide solution to 100 ml. ~

5.4 Barium carrier solution, 1 mle16.00
mg Ba+:: Dissolve 28.46 g of BaCl.-2H.0 in

- distilled water, add 2 ml of concentrated ni-.

tric acid; and dilute to 1,000 ml.

¢
o A . B17-
P : S,

v
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5. 5 Binder solution; Dissolve about lg of
“Duco” cement in 100 ml acetone. :

5. 6 Citric Acid, 1' M: Dlssolve 210.1 g of
citric' acid monohydrate in. dlStllled wate}
and dilute to 1,000 ml. L

57 EDTA reagent 0.25 M EDTA con:
thinimz 20 ‘mir/ml NaOH: Dissolve 20 g of
NaUtt {u aboyl 160 ml distilled water. Heat, _
and slowly add 93 g of disodium ethylenedi-
aminetetraacetate while stirring. When dis- -

" solution 1s complete cool, and dllute to 1,000 -
ml. v
5.8 Lead carrier solution’ I1 ml—15 00°

.mg Pb*:: Dissolve28.97 g of Pb(NO.), in
-distilled water; add'2 ml of congentrated «
‘nitrig acid, and dilute to 1,000 ml~

. 5.9 Lead carrier solution II, 1 ml=1.50.
. mg Pb+:: Dilute 100 ml of lead carrier solu-
tion I to 1, 000 mk. "

5 Methyl Qrange mdzcatm solutwn

- Nitric acid, concentrated.-

5 12 Sodium hydroxzd'e 10° N: Dmsolve
400 g'of NaOH pellets in distilled watgr and
. dilute to 1 liter. Store in a- polyethylene or,

" Teflon bottle. = . -

5.13. Sulfunc acid, 18 N Cautiously add
500 ml concentrated H.SO, while st1rr1ng
into about 400° ml dlstllledrw ; cool, and
dllute to 1,080 ml.

"5.14 Radium-228 standar ,
t10n of the standard ‘solutton is conplicated
by the fact that a standard of radium-228 is
not readily obtainable. Generally the radlum-
228 must be obtained from thorium metal or
pure compounds sufficiently old to permit
equilibrium in-growth-of radium-228. In 40- °
year-old material the radium-228” daughter.
‘has reached 99 percént of equilibrium con-
centratlon The followmg procedure . is "used
to accurately prepare standardized’ thorium-
232 and radiam-228 jz'rom thorium, ox1de ap-
proximately 50 yr old. :

5.14.1 Weigh but a 1. QOOO g sample of
thorium dioxide.

5.14.2 Transfer the sample to a 250-ml.
Erlenmeyer flask containing 20 ml of acid
mixture (157 N HNO,, 0.05 N HF). Care-
fully heat and stir the mixture until the ThO.
dissolves. Tgansfer the solution to a 200sml

: volumetrlg flask and add a llttle barium ni-

-

A\

: The prepara- |

-

dilute ‘to 1 l;ter
. must be as free as possible of betg activity .

TECHNIQUES OF WATER RESOURCES\}G_ES'I“IGATIONS

trate solution containing 5-15 ug of barium.,
Make up ‘to volume with 1 N nitric~acid.

‘Activity of radium-228° in the solutlon 1s

calculated as follows: : -

Radlum 228 (dpm/ml) -
o -*246W (1~ e‘“"“)

‘where .
"W =thorium concentration in, mg/ml,
and ’ R
t=Years since thorlum “dipxide was
preparred R

At equ111br1um 1 mg thoruim 246
u;n-228 .

5.15 Yttnu;m carrier solutw'n 1m
nfg. Y+5: Add 22.85 g of Y.0; to.2a 250-ml
Erlenmeyer flask contammg 20 ml of water.

~ Swirl, place on a hotp'late and heat to boil-

ing. ‘Slowly and cautlously add concentrated

- nitric acid, while stirring, until a homogerie- |

ous solutlon is, obtdined. (Usually about 30
ml of nitric acid ig required. It is sowstimes ¢
necessary to add more water.)- Add an addi-
tional 70 ml of concentrated nitric acid and
ote: The yttrium oxide

(ut;ually due to isotopes of actinium). Yttri-"
um oxide suitable for carrier preparation has
been obtained from American. Potash and
Chemical Corp., West Ch1cago, 11l ’
5.16 Yttrium-str ontium carrier solution,”
1 ml=0.9 mg Sr+” and 0.9 mg Y +3% Dissolve
434.8 mg of Sr QNO ). in distilled water; add

* 10 ml of yttrmm carrler solutlon and dilute .
to 200 ml.

"

6. Procedure

\

6.1 Use 14 hters of sample, on the bssu}

.of the’ ‘expected radium-228 " content, and

evaporate to 1 11ter if necessary. Add 5 ml
of citric acid for each liter of original sam-

ple, and then add a few drops of methyl |

orange indicator. If the 'solution is yellow,

add nitric acid until the red color is obtained
Prepare- standards by dilution of appro-

priate volumes of the “old” thorium-radium

~solution to ¥ liter. A disintegtation raté of

‘approxzmately 1,000 dpm. is appropriate.,
.Carry the standards through the procedure

in the same'way as.a sample

- . B -
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6.2 Add 10 ml of"lead carrier solut;on. 1,
.2 ml of barium carrier solution, and 1 ml of
yttrium carrier solution. Heat to incipiert
* boiling, and maintain at this temperature for
about 30 min with frequent stirring:
6.3 Add concentrated ammonium hydrox
" ide until the yellow’color of methyl orange is
" obtained; then add a few drops excess. Pre-
cipitate lead and barium sulfates by adding
18 N sulfuric acid until the red color reap-
pears; then add 0.25 ml-excess. Add 15 ml of
ammonium sulfate solution for each liter of
solution; keep the sample at a temperature
- of about 90°C for'30 min and stir frequently
Remove from the hotplate and allow to settle
for at least 2 hr; then siphon or decant most
.--of the supérnatant liquid and discard.

6.4 Transfer the precipitate to a 40-ml

centrifuge tube: centrifuge, and discard the
supernatant liquid.

6.5 Wash the precipitate twice with con-

: centrated nitric acid using centrlfugatlon
wash techmques Add 25 ml of EDTA re-

. agent. Heat in a hot-water bath and stir in-
_térmittently, adding a little additional 10 N
NaOH if the precipitate dow not dlssolve
readxly .

. 6.6 Add 1 ml of strontium-yttnum car-
rier solution. Stir thoroughly; add a few
~drops of 10 N:NaOH if any preclpxtate forms.

6.7 Add 1: ml of ammonijim sulfate solu-
tion and. stir-thoroughly ;- thes adgd glacial

o aoetlc acid qropwise until barnfm sulfaté pre-
- cipitates, and add 2.m] excess. Allow the pre-

c1p1tate to digest 1n .a hot-water bath until
the -precipitate has largely settled. Centri-
fuge, then dlscard the supefnatant 11qu1d ',
Wd ‘20 ml of EDTA reagént; heat,

and stlr
dissolvés. }i_é’ea_t steps 6.6 and 6.7. .
-6.9 Dissolye the barium sulfate precipi-
tate in 20 ml of EDTA reagent, and add 1 ml
ofy yttrium ‘carrier solution and 1 'ml.of lead

carrier’ solution. If any precipitate forms it

‘should be'dissolved by adding.a few drops of
10N NaOH Transfer the solution to a Teflon
‘Or, polyethylene container. Record the date

and time. Age for 36 hr or longer. Cover the'

sample to preve evaporatlon

il the barium sulfate precipitate

. 7. Calculdflnns C .
7.1 rodlum=29g (actinium-228) efﬁclency

6.10 TTansfey the aged solutjon to a cen-
trifuge Wbe ahd add 0.3 ml of ammonium
sulfide. solutxon Add 10 N NaOH dropWwise
while gfi’fing vigorously, until leag\sulfide

\ precipjtates; they add about 10 drops excess.
tly over 2 period of about 10

Stir intey™i
min. The leadsuifide should settle as a fine-
granular Rrecipitgte.

6.11 Centrifuge the solution, and transfer
the supefMatant Jiquid to ‘clean centrlfuge
tubes. Dlscard the residue.

6.12 Place the centrifuge tube in a ho'rf
water baﬁh and sjowly add 10 N NaOH to the )

liquid while stirripg, until yttrium hydroxide
precxpltate& adq 1 ml eXCess anq stir inter-
mlttent]y for. Severgﬂarﬂlhutes Record the
date and bite of the precibitafion. Centrifuge
as sooyn 45 the yttrjum hydroxide has largely

" settled. Piseard the supernate.
Wash the precipitate thoroughly,

-6.13
with 5 m) 9f watey containing about 10 drops
of 10 N NaoH, centnfuge and discard, the
wash sOlﬂh()n

6.14 Transfer the precipitate to a 5-¢m

counting planChet using small yolumes of
“distilleq #ater, whlle drying under ap infra-
. red light laTnp The last Washing should con-
tain 1 ) of binder golution.

. 6.15 COunt the sample in'a. low-ba¢k-
ground bﬁtﬁ counter for a SufﬁCIent length of
time tof obtgin satisfastory counting statis-
 tics. Reco¥d daté 4nd time that count begins.

" For mogt Matural waters a counting perlod of -~
about 300 to 500 pin is'desirable because of

t‘he low cONeentratjon of l‘admm~228

?

factor: The calcyjation requires a factor for

m-growtll of the jctinjum daughter.and for

“decay in the timg interval between.separa-
-tion from the radjum parent and begmmng
of count. .

The heMmical recOVer}’ factor is lncluded
*in ‘oversll efficiency and is not separately
identified- Use squation 4-omitting the f,
term.
¢ cn .
\-/\_/\/\M
dn(e\k'.) (1-e7n) (e-M")’

3

!

E”
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where L
A=decay constant bf radium-228
(0.1205 yr—),
decay constant of actmx’m-228‘

(0.001885 min—!),
t,=elapsed timg between certification of
the standard and time of count in
ears,
¢,=time interval between ﬁnal purifica-
" “tion- of barium-radium sulfate
precxpxtate (step 6.9) and separa-

1 1

tion of actinium daughter (aging -

time in minutes) (step 6.12), and

t,=time interval between separation of
actinium - dﬁughter (step 6. 12)
and counting in minutes.

7.2 Calculation of radium-228 concentfa-
tion: Use equ;?ion 3 onpitting the f term.

Correction for decay of rddium-228 is seldom.

required. In addition to in-growth and decay

‘times for actinium-228 cited under 7.1 a cor-

rection for decay during counting is required.

. pCi/1 of radium-228
. 1,000c Aits

KVE’(e““ ) (1 e ?

1) (e7s) (I—e=0) |

WATER-RESOURCES INVESTIGATI(&

,

where -

t —decay txme of radium-228 between
' sampling and analysig in years,
and .

= gountmg tlme in minutes.
The othe“"symbols are deﬁned in section 7.1.

8.. Report

Report values of less than 1 .0 pCi/1 to one
significant, figure and values above 1.0 pr/l
to two sxg’mﬁcant figures.

9. Precision

~The limited data avaxlable suggest that
precision of the method is approximately
+20 percent for a cor&entration of -1 pCi/l

' > Ce
. ’

and *10 perceknt at the 10.pCi/l leve} or

abg_e . t

Reference 2

Johnson, J. 0, 1971 " Determination of radlum-228 in
natural water: U.S. Geol. Survey Water-Supply
Paper 1696-G, 26 p. -

3
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- nonsaline waters whic

--counting. the sample more “tha

N
J

Ra‘diorutheniuni, dissolved, as ru'th'en'iu.m.-106

. Distillation method (R-1150-76)

Paramefer and code' Radloruthemum as ruthemum 106 dlssolved (pCl/l)
: _none assigned "

This method is ap[if‘ca\ble to analysis of

do not contain hngh
concentrations of organic matter. Using a
maximum sample volume:of 100 ml, the de-
tection limit is approximately 4 pCi/l Be-
cause of this rather high detection limit, the
method is of value primarily for water sam>
ples whlch have substantial fission product .

~ activity. The sensitivity may be improved

by preconcentrating the ruthenium and by

mended 150 min.

2. Summary of method

‘ Rduthenium salts form the. tetroxide m
ac1d solution when a strong oxldlzmg agent“

is present. This oxide melts near room tem- .

perature and can be easily volatilized from
concentpated perchloric acid solution, which
boils at approximately 200°C. Distillation of
the tetroxide ‘provides an excellent separa-,

" tion from almost all potentla] sources of ‘in-

terference. _

The method used is essentially that de-
sctibed by Glendenin’ (1951). The water
sample is evaporated to small volume, and
stable ruthenium carrier is added. Nitric
acid is added to oxidize organic matter, phos-
phoric acid ig added to prevent vo]atlllzatlon
of molybdenum, bromidé€. and jodide are

added as halogen holdback carriers, and so- -

dium bismuthate i added to oxidize the
halide ions to thenr respective nonvolatile
oxyacids (Wyatt and Rickard, 1961). Final-
ly, perchloric acid is added to oxidize ruth-

the recom-

enium to the tetroxide and to provide a high
boiling point for the solution. Rutheml;‘)
tetroxide is then distilled, with the aid of air
Bubble‘s through the solution, into ‘a cold
sodium hydroxide solution. Ethyl alcohol is

. added to precipitate the ruthenium as mlxed‘

* oxides.
The ruthenium oxldes are separated from
the supernate by centrlfugatlon, redissolved

_ in hydrochloric acid, and then reduced to

-ruthenium metal-oxidé mixture by addition
of magnesium turnings. After dissolving the-
excess magnesium; ruthenium ‘is recovered:
by filtration through a tared filter sand
counted on a low-background beta counter.:

- Recovery is’determined gravimetrically. The

corrected activity is compared with that of

. standards similarly prepared to determine

the ruthenium-106 activity of the sample.
The restriction of the meéthod, to fresh-
waters and low-sample volumes is necessary
to avoid large amounts of solids in the dis- -
tillation flask. The range of usable sample
volumes as a function of dissolved solids
-has not be evaluated. ' ' :

3. lnterferences -

Because the analytlcal method separates
pure ruthemugg, only ruthenium isotopes can’
interfere. On the basis of half-life, ruth- -
enium-103 is the only interference of
practical significance. The ruthenium-103
contribution to the total count is less than
ruthenium-106 contribution (for equal num-
bers of atoms) because of lower counting
efﬁclency The ruthenium-103&&ontribution

N
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decreases with time and may be completely ‘

eliminated- by several months decay. Alter- TO LOW PRESSURE
natively, the relatively low-energy .betas AIR SUPPLY
from ruthemum 103 may be eliminated by
counting the sample through an absorber
which does not SIgnlﬁcantIy affect the higher
energy betas from rhod1um~106 (ruthenlum-
. 106). . .
. Any organic matter present in the sample : . '

should- be destroyed by boiling with a «con- :
centrated nitric-perchloric acid mixture be-
fore proceeding with the perchloric acid dis-
tillation. To prevent explosive decomposition
.of the distillation mixture, nitric acid should
be present as long as any unoxidized organic

T materlal remains.

Large ampunts "of insoluble matter in the
dlstlllatlon flask may cause serious bumping
‘and 1mpa1r the recovery of ruthenlum : . - — j

, B

: 4, Appcrams . ‘ : '

4.1 Compressed air, 1-2 psi supply’ for L. N % 2
bubbllng air through distillation flask. \ . g o

4.2 Low-background, counter, an anti-co- A - FLASK WITH GROUND

_incidence-type counter with 2 in. thin win-

dow flowing gas proportional detector pre- GLASS JOINT (125m|)

. ferably capable of measuring both alpha and - B HOTPL ATE
" beta activity simultaneously. -

43 Burner Bunsen.smal. - - | C - ANNULAR LEAD WEIGHT

- 44 t ble-.of. ti 40- o

mItubeCs'e’,l rifuge, capabie of accepting D = HEAVY WALL PYREX
4.5 Centrifuge tabes,40 ml, heavy-wall CENTRIFUGE TUBE (40m|)

. 4.6 Distillatiqn apparatus. See ﬁgure 7.

‘4.7 Filter disks, -Versapore, 47 mm, 5 E\ - ICE BATH
micrometer (Gelman Instrument Co., Ann Flgure 7. —-Apparatus for dlstlllatlon of ruthenium ~
Arbor, Mich. 48106). . - tetroxide. :

4.8 Hotplate. - - : S

" 4.9 Vacuum desiccator. 1" B.5 Magnesium metal turnings.

.4.10 Vacuum-filtration apparatus for 47- ’ 5.6 Nitric acid, concentrated.
m&ﬁlters - , " p.7. Perchloric acid, 70 percent.

L . 5.8 Phosphoric acid, concentrated (85

5. Reagents - s . percent).

deiodide soluti 1=10 5.9 Ruthenium carrier solution:. Suspend
B 51 Bmmldffl%.l e_]so Z;‘m’l\;‘ ;n N d5 ;ng "5 g of p/urlﬁed RUC), in approximately 250
- Brand 10 mg I: Dissolve 4.7 g Nal and 0.2 g, |- ) of 6'M HCI and agitate for several hours

NaBr.iu '400- ml distilled water. . | or overnight on a mechanical shaker. Filter

- 5.2% Diethyl ether. : , | "the resulting solution through a. fine filter.

- 5.3 Ethanol, 95 percent. ' The solution is standardized by direct reduc-

. 5.4 Hydrochloric ‘acid, concentrated and ‘| tion of aliquots with magnesium metal, fol-

~ 6M. R o lowed by filtration and weighing of the
€ :
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mixed ruthenium oxide and metal produced.
- Care should be exercised to dissolve excess
‘magnesium with HCl and to - thoroughly

. wash the precipitate before drying. . .
6.10 Ruthenium standard: Prepare stand-
ard deposits of ruthenium-106 on filter paper

- startmg with ruthenium §tandard solution

0f 100 pCi in 5 ml. Follow steps 6.12 through

6.16 in the “Procedure” section. Correct the

activity determined for decay.. '
5.11 Sodium bismuthate.

= B.12 Sodium hydroxide, 6 M. -

" 6. Procedure

. . 6.1 Estimate the volume of sample on the

basis oi dissolved solids. The volume is se-
lected to avoid excess preclpltatlon of salts
in the evaporatlon step. The distillation flask
holds §0 mP without danger of losing sample.
Samplé volumes in excess of this are evapo-
rated to 50 mil in a Teflon evaporating dish.

6§Transfer the water gample into the

distillation flask, and evaporate down to ap- -

_proximately 5 ml. Add an accurately meas-
ured amount of -ruthenium carrier between
20 and 30-mg. Record. pxpet volurhe to 0.01
ml. ‘ B

6.3 Evaporate to less than 5 ml. (Pre-
cipitation will usually beceur, but the residue
must not go dry.) Cool the flask and con-
'tents
; 6.4 Add the follownng reagents in order:
1 ml concefntrated nitric acid, 1 ml concen-
ltrated phosphoric acid, 2 ml bromnde—xodxde
reagent, 0.5 g_sodxum bismuthate, and 10 ml
770 percent perchloric acid. Mix thoroughly.

6.5 Place the lead-ring weight around the °

flask. Moisten the. ground-glass joint with
. phosphoric 'acid, and attach the delivery ap-
paratus to the flask. Place the distillation

apparatus on a hotplate, and immerse the -

end of the delivery tube in a 40-ml centrifuge
tube containing 12 ml of 6 M NaOH. The
centnfuge tube is kept 1mmersed in an 1ce
bath

6.6 Connect the air supply to the still,
and adjust the flow rate to a few blbbles per
second. Heat the flask slowly to the boiling

point, and then heat strongly to d1st111 the -

- .

7,
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-ruthenium. Note: It is best to perform the

distillation behind an explosion shield. .
6.7 Continue  the distillation until the

dense white fumes of perchloric acid have

been carried over for a few minutes. Total .

- time required for the distillation is usually’

20-30 min. .

6.8 Lower the centrifuge tube from the
delivery tube, and remove the still from the -
hotplate. Disconnect the air supply and al-
low the still to cool. When cool, rinse the
contents of the delivery tube into the cengl-
fuge tube with a 11tt1e dlstllled water from

"a washbottle.

6.9 Carefully warm the. centnfuge tube to :
near boiling over & small burner. Remove -
from the flame and a{d, in small amounts, 3
ml of 95 percent ethanol, reheating to in-
cipient boiling after each small addition. It is

. important to sw1r1 the solution constantly '
| while heating. /

6.10 Cool the solutien, and centrlfuge to
recover the precipitated ruthenium oxides.

. The supérnate should be colorless and may-
‘be discarded.

, 6.11 Suspend the preclpxtate in 10 ml of
istilled water to which 1 ml of 6 M/NaOH

%Zi‘ueen added. Heat (with swirling) to boil-

. Centrifuge and discard the supernate.

6.12 Suspend the precipitate in a few mil- -
liliters of 6 M HCl and reheat to boiling
(swirl! vigorously). Continue heating for a
few minutes to dissolve all solid material. Set .
aside to cool. -,

6.13 - Add about 5 ml dlstllled water to the

‘| ruthenium solution; then add small portions

of magnesium turnmgs to reduce the ruthen-
ium to the mixed oxide-metal precipitate. The’
solution may have to be heated to boiling as
the reaction nears completion (supernate has
light-blue color) to speed the process.

6.14 Add (slowly, at first) about 5 ml of
concentrated HCIl, and then heat to bonlmg
for a . few minutes to dlssolve any excess
magnesiym.

6.15 Filter the suspensmn through a tared
47-mm Versapore filter using a vacuum-fil-
tration apparatus. (The Versapore filter

should be washed and dried by the same pro-.
vcedureas the sample Y(see below) prior-to -
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taring). Wash the prec1p1ta)te w1th three 10-'_

to '30-ml .portions of boiling water, two or
three 10-ml portions of 95 percent ethanol,
and with three 10-ml portions of diethyl
ether to dry and, distribute - the precipitate
over the filter pad. 4
6.16 Remove the dry filter and place in a

o

o heated '(100°C) vacuum desiccator for 5-10

. min (no longer). Remove, cool in a desic-
cator, and weigh. Mount in a ring-and-disk
assembly, covermg the preclpltate w1th a thin
plastic kltchen-type wrap.

‘6.17 Count the sample for ‘three 50-min
periods in a low-background beta coun\ter

—~
s

7. Calculations , .“ 2
7.1 Ruthenium-106 efficienicy factor (E):

Countmg ef’ﬁclency for ruthenium-106 is de-:
> termined by measurement of the count rate

of standards prepared by direct precipitation
of ruthenium metal "from aliquots of the
" ruthenium-carrier solution spiked with

known amounts of ruthenium-106. Rutheni-.

-um is reduced by metallic- magnesium, fil-
tered, dried, weighed, and counted as in the
procedure above. Since recovery is usually in
excess of 90 percent for the entire -analytical
procedure, the counting efficiency ‘on the’ di-

rectly prepared. standards(is a reasonably -

accurﬁte measurement of the counting effi-

- ciency of the samples. A typical value is'1. 0
. cpm/pCi. - . ® '
o : . .
' - *

B ) . ‘ i
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B

7.2 Calculation of ruthenium-106 concen-

J t,satlon. Use equation 1. The ruthenium re-

cdvery factor (f) ¢s determined from the
initial and final weights of ruthenium carrier.

pCi 1 of ruthenium as ruthemum-106
«. : _ 1000¢ (1)
o " KVEf(e™) :
. .

8. Report

Report ruthenium-106 .values of less tha‘.?\' )
10 pCi/l to one significant figure. Valu
greater than 10 pCi/l are reported to two
51gn1ﬁcant ﬁgurw ;

9. Precision

Typ1ca1 ruthemum—106 values for the pre-
cision of this m@d are +4 pCi/l or *20
percent, whichever is larger, at the 95 -per-
cent confidenée level.

’ | Refere'nces @

Glendenm, L. E., 1951, Improved determination of

g ruthenium activity in fission, in Coryell, C. D,

- meand Sugarman, N., Radiochemical studies: The

fission products (Book 3): -New York, McGraw-
Hill Book Co., Paper no. 260, p. 1549.

Wyatt, E. I, and Richard, R. R., 1961, The radlo-,

chemistry of ruthenium: Natl. Acad. Sei., ' Natl.
Research Council Nuclear SCI Ser. NAS-NS
: 3029 78 p. i
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Strontlum 90 dlssolved

Chemlcal seporohon and prec |p|tot|on method @—1160—76)

Porameter and code. S’tronhum-90 dlssolved (pCl/I) 1350§ .

1. Application

" The method is applicable to all natural

freshwaters and saltwaters. It is applicable
to reactor wastes and may be applicaple to

. industrial.. wastes, provided that reecovery
tests are made to assure thaf, orgamc matter

~ does not hold back strontium.’ -

"

‘Edwards (1967) Dissolved radiostrontium
is determined by beta counting dfter a
lengthy separation procedure that removes
- other fission products. Stable strontium car-
rier is added to the sample, and a car-

bonate precipitation is made to -collect
strontiym-90 accompanied by some fission
products. The carbonate precipitate is dis-
" solved, and strontium nitrate mixed with cal-
cium nitrate is precipitated with fuming
nitric acid. Ca]clum_ is removed by washing
with acetone, and strontium nitrate is fur-
ther purified I)y solution and reprecipitation.
" The precipitaté may still contain traces of
fission products such as transition metals,

rare earths, niobium, zirconium, yttrium, and. -

barium. Radium may be present. These are

all removed by the addition of iron and bari-.

um carriers which are precipitated as the hy-
‘drexide and chromate respectively.
l‘fmal purification is effected by precipitat-
ing strontium as the oxalate. Yttrium-99, the
- radioactive daughter of strontium-90, has

been completely removed at this point, and a

new equilibrium begins. The yttrium isotope
is.also a beta emitter, and the sensitivity of

‘three isotopes, strentium-90, str

the analysis is 1mproved by coﬁntmg after
21 d to allow in-growth of yttrium-96.

"It strontium-89 is present, it is counted as
strontium-90. Approximately 45 percent of

the original strontium-89 activity is retained

21 d after the initial, precipitation. Strontl}-d/
|- um-90 may be determined independently b,

" chemically separating the yttrium-90 daugh-

ter, and relating its activity back to st Qnt'
um-90. The composition of a mixture o
ium-89,
and yttrium-90, may be determined approxi-

"mately by plotting the growth of radioaetivi-
ty with time as shown in Johnson and Ed-

wards (1967).

3. Interferences ' <

Interferences from both fission prbducts
and natural radioactivity are negligible
(G]endenm, 1951). As indicated above; stron-

- tium-89 is counted as stront1um-90

4. Apparatus

4.1 Filter disks, 25-mm Whatman No 42 o

or equivalent.

4.2 Filtration apparatus for 25~mm mem-
brane filters.
4.3 Hotplate.
4.4 Low-background counter, an antlcom-
cidence-type counter with 2-in. thin .window
flowing gas proportional detector prefer-
ably. capable of measuring both alpha and -
beta activity simultaneously. - ¢ :
4.5 Ring-and-disk

?

mounting assemblies

|- for filters, including 21-mm diameter rlgld
copper backmg dlSkS
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5. Reagents f/‘- S

5.1  Acetic acid, 6 M.
5.2 Acetone, anhydrous. ,
5.3 Alummum foil, 3.5 mg/cm? or less

.. 5.4 "Ammonium acetate, 6 M solution. -
5.5 Ammomum hydro:mde, concen.t;ated

and 6 M. : J , .
5.6 Ammo;mt oxalate saturated solu- |

txon T LR
5 T um camer so‘futzon, 1 ml=3.00
Diggolve 1.33 g of BaCl;-2H.0 in

yier : solutzon, 1 ml=5 mg

/

"ea‘ .
enotphthalem indicator solutzon
dnmk carbonate solutzon 1M and

m chromate solutwn 1.5 M
5.15 Strontwm carrier solution, 1 ml=
4.00 mg Sr+2:

desiccator. Weigh - out 9.66 g of the dried

. salt, and dissolve -in distilled water. ‘Add 2
" ml of concentrated nitric acid, and dilute to

1 liter. A more exacting procedure is des-

cribed by Glendenin (1951,p. 1461), but the -
added work is not wa#anted unless the

strontium nitrate contains radioactive im-
purities which contribute SIgmﬁcantly to the

" reagent blank.

5.16 Strontium-90 standard.
Strontium-90 standard solutions calibrated
to 1.5 percent are commercially available.

- In purchasing standards it is essential that
.- the concentration o¥ the stable isotopic car-
rier be known. Dilute the standard to ap- |

proximately 5 pCi/ml as described by Barker
and Robinson (1963, p. iA28) . It is generally
necessary to add both acid and inactive stion-

" tium carrier at the time of dilutiors™ The

final solution should be approximately 0.1 N
in hydrogen ion (HCI or HNO;) and should

have a chemical strontium carrier concen-

q -

S

dd & few drops; of coh-

0 mg of pure iron wxre m'

‘Dry “anhydrous” strontium .
nitrate overnight-at 105°C, and cool in a

solution:

tration ofA/Ofdto 10 -mg/1. Strontium-90
-standard dctivity (A), after a decay time

_(t.), for an initial activity (A4,), can be .
‘" calculated by use of the following equation:

Lo ‘ 1 T A=A,e"Mb,
where . v
A, =decay constdnt of strontium-90
 (1.999%x10~* months—1), and
t,=elapsed time (in months) between
certification of standard and txme :
count. ‘ -

N

5 1'Z Thymo{phthalezn mdchtor ‘solution.

6. Procedure - 4

A reagent blank should be run w1th each
set of samples to check for contammatxon
of redgents, and to perm;tgn accurate blank
correction ‘to- be made. Occasional spiked .
samples . (samples containing a kmown
amount - of added stary’)/ should also be
run through the entir¢”procedure as checks.

6.1 To a 1,000-ml or other suitable ali-
quot of filtered water sample in a 1,500-ml
beaker add 20 mg of strontium carrier (5
ml of 4-mg Sr+2/ml). Heatto boiling on a
hotplate. Make the solution basic to thymol-
phthalein indicator (blue color). by  ,drop-
wise additions of concentrated’ ammonium
hydroxide, and add an additional 6 ml. B

6.2 Add 15 ml of?1.0 M sodium carbon-
ate. Stir thoroughly, cover the beaker with

a watch glass, and digest on a steam bath for

1 hr. Add more ammonium roxide, if re-
quirgd,.to maintain ‘the blue‘color of thymol-
phth! lem (Add more mdxcator Jf the colorl

" fades.)

6.3 Remove the beaker from the steam
bath, and allow the prectfntate to settle while
the solution cools t6 room temperature.

6.4 Carefully decant or draw off as much
as possible of the supernatant solutionawith-

put disturbing the precipitate. Transfer the

insoluble material to a 50-ml Pyrex centri-
fuge tube; and police the beaker with 0.1 M
sodium carbonate. Add washings to the cen-.
trifuge tube. Centrxfuge and dxscard the
supernatant liquid.

6.5 Cautiously add 1 N nitric acid drop- .
wxse until the carbonate precxpxtp,te is com-_ ,
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pletely dlssolved Dllute to 5 ml with “dis-.

resxdue of silica or ins

/

ere may be a small
oluble metal oxide re-
maining.) Very cautlously add 25 ml of fum-
ing nitric acid (work in the hood, use plas-
txc gloves, safety goggles or face shield, and
avoid- inhaling the vapors') Cool, st1r, and
centrifuge. §

6.6 Using the above safety precautlons,
pour off the nitric acid as completely as pos-

.tilled water. (Note:

’ sible, cool the tube below room temperature

- 6.8 lve the nitrates in 5 ml of dis-.
tilled water,.any place the tube.in a boiling-

‘using cold water or ice bath, and cautiously
. add 25 ml of anhydrous acetone to the resi- -
due. Stir thoroughly and centrifuge, again

discarding the supernate.
6.7 Repeat step”5.6.

water bath until the edor of acetone is gone.
"(Caution: be sure acetone is completely re-
moved ) :
* 6.9 Cool below room tempe ature, and
i/ precipitate strontium nit
5 ml of fummg nitric acid. Swirl, cool,

Add congepfrated ammonium hydrox1de w1th
constant stirring until ferric hydroxide be-

gins fo precipitate. Theri add several drops.

excess. Centrifuge; and decant the supernate
into a clean centrifuge tube. This operation
removes the yttrium daughter of strontlum-
90. Record the time and date. .

6.11°Add phenolphthalein indicator, and
add 6 N nitric acid dropwise until the p1nk
color "disappears. Add 1 ml of 6 N acetate
acid and 2 ml of 6 M ammonium acetate.
Place the samples%n a boiling-water bath
and add 1 ml of 5. M )sodium chromate
- while agitating. Leave in the water bath for
5—10 minutes.

6.12Cool to roomy temperature, centri- .

fuge, and decant th supernate into a 100-ml
- beaker. Discard the precipitate.
" 6.13 Add 2 ml of concentrated ammon-

fum hydroxide, and hedt to boiling. ‘Add 5
m of saturated a¥umonium oxalate solution

LI

. desiccator.

ate by add- -
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- and stir. Allow ‘the preclpltate to settle and

" the solution to cool to room temperature.

6.14 Filter through a tared 25-mm filter
paper (Whatman, No. 42) supported on a
sintered glags disk of a microanalytical fil-

three 5=
then suCcessively with small volumes of 95
percent ethanol and diethyl ether. Dry in a
Weigh as
monohydrate, and determine the gravimetric
yield. '

'6.15 Mount the; filter on a copper disk,

trationS:l'sernbly.' Wash the precipitate with

21 d to permit in-growth of yttriufn-90 to

. 99.5 percent of equilibrium activity. If it is

desired to break down the activity into the
three radioactive isofopes, it is necessary to
start the counting within a few days of sﬁp

"6.15 so that the decay of strontium-89 and
‘in-growth of ﬁtrlum 90 may be observed.

* 6.16 Count the sample for 100 8n a
low-background) _anticoincidence m.‘\iu%lded

beta counter.

7. Calculations

-7.1 Strontium-90 efficiency - factor (E)

and fractional chemical recovery (f,): Use
equation 2. Determine fa from the wexght of
strontium oxalate.

o ?"

E=rn— ., (2
dnfn (e—_M") ' (' )
‘where L .
*=decay constant . of _strontium-90

(1.999 X 10J3\month—1.).
7.2 Calculation of strontiu

0 concentra-

"tion: Use equation 1, making theé\decay cor-
rection if necessary. Determine f ffom the
weight of "strontium oxa i

-pCi'/l of strontium-90=

According to Hahn and Straub (1955),

" the chemical recoveries range from- approxi-
| ‘mately 72 to 80 percent Accurate- determi- )
" nation of chemical recovery requires knowl-

edge of the natural strontium content of the

1 portions of distilled water and

strontium oxalate

le for.

)

-21-mm diameter. Cover with aluminum foil - 4
' (8.5 mg/cm? or less). Store the sa
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sample. Normally this is less than /1 mg/1
-and may be neglected’ In a few cages, par-
ticularly with waters from an area extending
~ through parts of Wisconsin and Illinois, the
strontium content may equal or exceed the
strontium carrier added, arnd natural stron-
tium- must be determmed for the calcula-
tion of chemical recovery.

7.3 Calculation of strontm -90, yttrxum-
90 and strontium-89. The -count rate is de-
termined at intervals over a ‘timespan of ap-
proximately 30 d starting as close to zero
time as possible. A typical countmg sched-
ule thereafter would be at, 24 hr, 48 hr, 100
hry 200 hr, and 400 hr. The count rafes are
plotted a’gamst time, and the curve thus ob-
tained is compared against type cvurv g for
different isotopic ratios of strontium-90 to
strontium-89 (Johnsor} and Edwards, 1967)
to obtam the ratio foi'/the sample

Y]
1
-

8. Repon l N
A Report strontium-90 equivalent actnvntles
to £0.5 pCi/l or to =10 percent, whichever
"i8 gléeater.

) TECHNIQUES OF W _TER—RESOURCES INVESTIGATIONS

9. Precmon _', _
Minimum detection level is 0.5 pCi/l and
this is also the precision at activities below
5 pCi/l. At higher gtrontium-90 activities
the precision-is =10 percent.
< :
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| | : 'I'rltlum . '
o qumd scmtlllatlon method, Denver Iab (R—ll7l-76)

Parameters and codes. Trnhum dnssolved (pCi/l): 0;005 ‘
Tritium, in water molecules (Tu):. 07012 - . - .

1. Apphcch on

% The technique is generally applxcable t&\_

ths determination of tritium artificially in-
~ troduced into water by such activities as
tracer experiments, nuclear power, waste
« disposal, and thermonuclear weapons testing.
The technique is not sufficiently sensitive to
be applicable to the determination of very
low natura] tritium levels.

2. Summdry of mothod

quuxd scintillation countmg is, based on, '

the conversion of the energy of a particle
emitted by a ra,dxoactxve nucleus to light ener-
gy by means of a scintillating chemical. The
scintillations are detected by a’ photomulti-

~ plier (PM) tube. The electrical signals from

@he PM tube are amplified and sent through

‘B simple multichannel “analyzer (three or.

four channels at most) where sorting—into
energy takes place The counts in each chan-
nel are dlsplayed on a scaler and may be read
out on paper tape, punched tape, or-magnetic
tape. :
Liquid scintillation counting is primarily

used for the counting of beta emitters al-

though it can also be used for alpha- emitting
. 1sotopes. -

* When liquid scmtxllatxon counting is used

- to determine a radionuélide in aqueous solu-

tion, the water sample. is dissolved or dis-

persed in a large volume of organic solvent
contammg the secintillating chemical. A wide-
ly used mixture for, , aqueous solutions was
dxoxane-naphthalene containing the scintil-
lator 2,5-diphenyloxazole (PPO)  and a

= . .
. 1. . a bl
R W A - ) W
o o5 saeE vt _ " :
K . . s ¥

secondary scmtxllator used to . shift" the
elength of the scintillations to the mosf -

“sensitive spectral region of the PM tube.

Much of the tritium data reported in the

literature was determined by use of the above

scintilladt ixture. The dioxane-PPO com-
bination has been superseded by, proprietory .
scintillators that. produce gels when mixed
with water in proper ratios. The newer scin-
txllﬁt(é have approximately doubled the
sensitivity of liquid scintillation- countmg for
tritium. Since the composition of the pro-
prietory mixtures. is not available, these are - -
listed by trade name in the “Reagent” section,

 While the mechanism of liquid'scintillation
counting is not completely understood, it
seems clear that the energy transfer is'a two-
stage process, with initial.energy transfer-to
the solvent followed by transfer fro the
solvent to the scintillator. Many subﬁ'g:ncesa
including water, interfere in "the energy-
transfer process to quench the scintillations
and redice the.count rate. Excessive salt con-
tent, certain metals, and orgarnic compounds
quench in varying.degree. Colored substances

" may quench by light aksorption in addition

to interfering with energy transfer. Quench-"
ing' substances are generally removed ' by
vacuum dxstxllatlon

The quenching effect of water is compen-

"| sated by using a constant volume of water

and constant ratio of water sample to scin-

tillator mixture in both samples and stand-

ards. The count rate of a particular sample -
depends on both phe volume of sample and
the ratio of ligdid scintillator mixture toy

63
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. water sample. As the fraction of water sam- -
ple in the - water scintillator mixture in-
creases, count rates increase until a point is -

reached where the quenching effect of the
additional tritiated water exceeds the effect

of the increased radioactivity. It is found

that a practical compromise between maxi-
mum Sample volume. and scintillator

vol ,
provides optimum sensitivity. The maxﬁn
on the curve of activity versus volummé of

trltgated water (in a constant overall vol-

ume) is a rounded plateau.. ‘Therefore, the:

proportion of water sample to scintillating

* Hiquid mixture is not _critical and is easily
?eproducxble in routme work. :

The permissible ratio of water’ sample to

liquid scintillator mix is also controlled by

physxcal stability of the gel formed.
A detailed description of the ‘method is
given by Schroder (1971). '

.

-3 Inforforoncos ‘ : : .
Distillation is used to remove both quengh-

ing substances an&radlonuchdes that could |,

contribute to excess count. Distillation- is
" fully effective in remov1ng inorganic salts

~and high-boiling organlc wpounds :Or-

. ganic materials that vaporlze at a lower tem-

}p/eca.tm‘e ‘than ‘water ‘and are con,densable‘
under, the same conditions as water vapor

may be carried dver in the vacuum distilla-

tion. If~'these materials contribute either\

" quenching or beta radioactivity the possibili-

ty of interferefice exists, although it would

appear remote.

Further protectlon against. 1nte!\‘ferences'

is provided by the energy discriminagion in
the liquid scintillator analyzer and- the ex-
ternal standard-ratio test

4. Apparatus ' ,
4,1 Autopipet, 25,ml max1mum capacity.
4.2 Counting equipment. Liquid scintilla-
" tion spectrometer; counting systems capable
of meeting the followxng speclﬁcatlons

Countmg efﬁc’lency—not lesslthan 24 percent
with optimum sample-scintillator’ mlxture -and
polyethylene vials. .

Background—not to exceed 5 cpm at sea level
in tritium channel. -

» Sample capacity—at least 100 samples: -

e
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Operatlon—progranunable and automatlc
_ Internal chéck—an external standard and ratlo
computation capability’ réquired. .
» Readout—-alutomatlc .printout. "

4.3 . Pip ets, 8 ml. '

44 V
sists of a 50-ml.round-bottom flask as the
distillation flask and a 125-ml d-bottom
flask as condenser flask. Th@istillation
flask is?\rzated‘ with a . rheostat-controlled
mantle, nd the condenser flask dips into a
Dewar coifaining isopropanol-dry ice. The
two flasks are connected by a 20-mm diame-
ter U-tube, 10-cm long with ground-glass con-
nectors and stopcock for. application of

'

_vacuum. Heating tape is coiled afound the
U-tube connectlng the two flasks.

-

5. Reagents

5.1 Scintillatgr, Instagel (Packard In-
strument Co.) for low-tempetature countmg
(1°=4°C). A - preblended -

@tlllator designaged 3470% (Research

Products Internatlonal) for room-tempera- _

ture counting. -

5.2 Tritium standard solution: Approprx-

ate'standards are prepared by the dilution-of .
- NBS standard tritiated watér with “dead’$

water, that is, water conta’lmng less than 1

Tu.
5.3 Water, “dead. i The tr1t1um1 blank in-

‘troduced by reagents must ‘be tested at inter--

vals by analyzing “dead” water (water with

no measurable tritium content): 'in exactly

the same procedure as. for a normal water

sample. It'is very difficult to conﬁrm that a' ,

water is truly-‘“‘dead,” and it is usually neces-
sary to make the assumption that water from
a deep well in -a confined aquifer a hundred
kilometers or more from the recharge area is
“dead.” This assumption can be correct only
if the well is pumped sufficiently to expel all

meteoric water that may have entered the-

well and surrounding aquifer by leakage.

8

6. Procedure

6.1 Counting.
6.1.1 Distill
direct counting, o

ml of water sample for
or approximately 10 ml of

uum-distillation apparatus. Con- -

gel-forming .

“

)
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“electrolyzed IWater_sample, using the vacuum_
distillation apparatus. The U-tube is pre-

heated to assure drynéss.
6.1.2 Pipet 8.00 ml of the distillate from -

- the preceding step into a 25-ml polyethylene
- vial, and agd 14 ml of scintillator mix. The

choice of scmtlllator depends on ‘the type of
- liquid scintillatien spectrometer to be uged
for counting. Instagel is used with she in-

struments that operate at cold temperature .

« (3°C), and 3A%0* 'is used Wwith the instru-
ments that operate at room temperature. Cap
the vial a.nd‘m
mixture on a ﬁ>tplate at approx1mately

100°C for 2 or 3 min. This clatifies the mix-
ture. The 3A70"-sample mixture does not re- -

quire heating. The above operation'is carried
out under ubdued red light to filter out the
hlue region of the spectrum. This minimizes

- excitation. of fluorescence background in the

sample. . C
"~ 6.1.3 Prepare three.blanks and two
standards in the same manner the dam-
Pples. Place one standard in the 2d counting
position in the spectrometer and one in‘ghe
10th position. Place blanks at intervals
throughout the run of 10-14 samples.

6.1.4 Place thrée sealed standards (tr1-

‘Heat the Instagel-sample

ated toluene in glass-sealed scintillator solu-:

tion) jn the group. One standard”goes in the "

first counting position to permit monitoring
the insfrument before counting the“samples..
‘The remaining: sealed’ standards are placed
near the blanks:

.6.1.5 Allow prepared samples remain_

~in the liquid scintillatio ec-
tromeder fok several hours before countlhg
begins. This allows decay of fluorescence and
chemiluminescénce. A minimum of 8. hr
standing is rgduire¢ with Instagel and 12 hr
- with 3A70*.

. 6.1.6 Count each vial five times for 100
min. Total counting time for one sample is
-500 min..Counting time is reduced for very
active samples. One million counts is cutoff
setting. "

6.1.7 Program the instrument to per-

- form the 'externa_l-standard “ratio analysis
“on sam’ples, standards, and blanks at the -

{

L SN

i.

J

- .

68

end of the cguntlng r’hn (see mstrument in-

~struction manual). This procedure is.a check
“for quenching.

The ratio of low-energy.
counts in channel A of the spectrometér is
established for both tritium and .an external

"standard placed near the sample vial. The

value of R in the following equation shou)fd
be constant to within £0.2. .

Counts in A

"

-

}

out81de.. this
of R

—_—— tritium
Countsin B 1ty ]
Couhtsin B

|:__——-{— standard.

Counts in A
dual samples that fal
range must be reanalyzed. If all valu
fallf outside this range, the scintillatgr
detpriorated and must be replaced.

oD

culations’” ; - .

sented for the calculation and verification of
tritium data, each intgnded to optimize a par-

. tigular analyt}cal 31tuat10n In the present
(analytlcal procedure: the repeated countmg

of individual samples hag the eﬁ' of aver-_
aging out short-term ﬂuctuatx . Statistical ’
checks have shown that highest precision, in
this analytical sxtuatlon, is attained by the
use of longer termi average values for the
samplés and standards. ~
Counting efficiency and background values
are determined with tritium swndatwhen-
ever a new lot of scintillator is ‘used. Count-
ing-efficiency data and background.data from
standards alid blanks run with h set are
also determined. The.n w data rom. each set,

are averaged into the data from the preced- X

ing sets, thus creatiig a moving average
value for counting efficiency and background.
As new efficiency and backgrotind data ap-
pear they displace older data’entered into the
moving average. Data from four or five valld
runs (ne quenching or other+ erratlon)’ en-
ter into the moving average “used at any glven

- time. : 4
7.1 Tritium efﬁclency factor (E') Use
equatlon 2: X
. - ,
= ! 2
d,(e—») _( )

has

everal statistical schemes haVe been pre- i

.

/

o~

Y
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where —7 \ ' o 73 ‘C#hversion of tritium - concentratlon'_
¢, _average count rate of ‘standard in pCl./l to tl'ltlllm UIIIIF Tritium concentra-
(cpm) corrected for background pCl tritium/!1
and blank, - tlon ‘ll’& 3 3323
d,=disintegration rate of standard

(dpm), corrected -for blank (s , R

R " —-B), 8 (eporf . - ‘

) A=decay constant of tritium (4. 685 ' Concentratlons in’ both tntlum units and
X10~* month—'), < plcocurlw per liter are reported to two sig- -

t.=elapsed time between certification of”| pjficant figures down to the minimum detec-
the standard and time of count in tion level '(MDL). The latter can onlﬁbe

, ~ same units as & - ) © | estimated because of the very pronounced
where PR - | effect Wtitude ‘gn the background, count.

- §=mbvjng 'average’ count rate At sea level the MDL is estimated af 60 Tu,
(cpm) of the standards, and and at 5,000 ft (1,500 m) itss estimated at

“B=moving average count ra . 150 Tu for the direct count method.
"~ (cpm) of the blanks. , e | . - >
1.2 Calculation of tritium concefitration:. f % Precision R "

Use equation 1. The chemlcal recovery- factor Precision is dependent on altitude in the.
. (f) is an_enrichment factor when electro- | same way as MDL. At 500 Tu reprofiucibility
lytic ennchment is appliedto- the sample. is approximately +20 percent. Precision im-

Since electrolysis is not used the value of f oves with increasing concentration.
. a2 - ‘
\is umty’ . z/ > . .
N ’ =.11,000¢ ) . -
P : RVEF(o—") C .Rfferqnce
. . . . w B
‘where if is electrolytic enrichment factor de- Schroder, L. J., 1971, Determination of gritium jn~ ~
te,rmx.ned by standard included in the run, = | water by the U.S. Geologigal Survey, Denver, -
- L Colo.: U.S. Geol. Survey .Rept. WSGS—474-134,
» cpm/ml after electrolys»s . 22 p.y.Avail. only from U.S. Dept. Commeree.
cpm/ml before electronsm , : Natl. Tech. Inf. Service, Springfield, VA 22151.
- Tl . -
1Y 0 v \ } -
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(190 pCi/l) .
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S Trltlum y
quuld scmtlllatlon method .Reston lab (R'rﬂ73"76)

- Parameters and codes' Trlhum, dlsso}“ad (pC|/1) 07005 .
Tritium, in _water molecules (Ti’ 07012 .

1. Application

- The technique can be used directly to an-
alyze waters containing more than 60 Tu
Many natural-water samples
contain less than 60 Tu so the tritium in

such samples is normally enriched by elec-

trolysis (method R-1174-76) before they are
analyzed by this technique.
The direct liquid scintillation counting

* method, while useful for analysis of the tri-

tium introduced into water by rainout in

;

some samples, is primarily used for measur-
ing tritium introduced in tracer tests and .

locally by nuclear. power and waste dlspofal'

facilities.
N \‘

3

2. Summary of melhod

Liquid scmtlllatmn counting is based on

.

" the conversdon of the- energy of a partlcle‘ h
emitted by a radicactive nucleus to. llght‘

energy by means.of a scintillating chemical.
The scintillations are detected by a photo-
multiplier (PM) tube. The electrical signals
from the PM tube are amplified and sent

through a two .or thg‘eé channel analyzer
where sorting by energy ranges takes place.

The counts .in each channel are displayed on

a scaler and are printed and(or) read out

on punched tape or magnetic tape. In order
to minimize spurious counts, from cosmic
radiation or electrical noise inherent in the
PM tubes themselveg,, for example, two PM.
tubes are used to detect the scintillations.
The twq tubes are operated in concidence, 86
that only if a scintillation event is detected
by both tubes simultaneously is a signal ser

-y

e

‘%. .

on to the @n@rgy anaIYZel‘ and Scalar cir-
. cuitry.

+ When lig¥ia scxnt,uatxon COuntlng is. used

to determin® 2 radlonucllde in aqueous solu-

tion, the wﬂt@r sample is disgolved or dis-

persed in 3 Jarger vojume of organijc solvent , -

contammg the sciptillating chemieal.
was dioxaP®naphthglene containing the
scintillatoy~ 28-dibhepyloxazole (PPO) and
a secondary. Scintiljptor used to ghift the
wavelengtp °% the sciptillations to the most
sensitive spect)'al region of the PM tube.
- MucH early tritium gata was determined by
use of the 2P9ve seiptillation mixture. The

dioxgne-Pp0 Qomhlnatmn has been super--

seded by proPrietory scintillators: that pro-
" duce. gels wheh mixeq With Water in proper

ratios. The P€Wer sciptillators have approxi- .
mately doypl€d the gensitivity of liquid scin- .-

tillation eouPling fof tritium, Thege solu-
tions geners'y inclyde lan Organic solvent
{toluene oy *Vlene, for example) in Wwhich
the scmtll]gf'ol‘ is d,ssolved» plus g strong
liquid deterg®nt to promote emulsification be-
tween the ga™Mble Water and the scintillator-
containing o¥f8anic gg)vent.

Since the ®Xxact eomposltlon of the pro- ‘

prietory m,xt“res 1§ pot availaple, these are
listed by trade name in the reagent section.

“Whilé tpe rhechamgm of liquid- scintilla-
tion . countip#- is not completEIy understood,
it 'seems c]ea" that tpe energy trapsfer is
‘a two-stage Drocesg With initial energy
 transfer to the sovant followed by transfer
from the solvent to the, scmtlllatOr Many

A
widely used Mixture for adueous golutions -

&
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substances, m?]‘bdmg water, ‘interfere in the
energy transfer process to quench the scintil-
lations and reduce the count rate. ‘Excessive .
salt content, certain metals, and organic com-
pounds quench in varying degree. Colored
substances may quench by light absorption

in addition to interfering with energy trans-

fer. Quenching substapces are generally re-
moved by yahuum distillation. -
The quénching effect of water is compen-

sated by using a constant’volume of water

and constant ratio of water sample to scin-
tlllator mixture in both samples and stand-
ards. T,he count rate of a particular sample

“ depends on both the volume of sample and

the ratio of liquid scintillator mixture- to
water sample. As the fraction of water
ci'eases count rates mcregs nt
ached where the’ quenbh
itional tritiated water exfeeds the ffect-
he increased radloactlwty It is found
at a pragtlcal compromlse between, maxi-
9, and scintillator volume
g;flsitlwty Thé “ra
igtor sa‘lut‘__ﬂl, r[a‘constaﬁ‘t,
cay vary slightly without af-

ml‘Thus -optimally sensitive Tﬁlxes can beg
produced in‘routine work. LR

Y

The permissible ratlo of water spmple to

- liquid scintillator mix is -also controlled by

physical stability of the" gel formed. A de-

tailed description of the method is given by

Schroder (1971), and the counting charac-

feristics and thermal stability of various

water-scn{tlllator solution mixtures are’
given in the manufacturers hterature

3. Imerforences ' ' .

_ Potential interferences come from other
radionuclides or quenching substances pres-
ent in the sample. 1;:% types are removed
by vacuum distillation of the sample before
preparatlon of the counting mixture.

~ A rare ground-water sample may contain
radon-222 in an amount large enough td per-
sist in the sample even after distillation.
Some radon decay is counted in the tritium
energy channel and leads to spuriously high

: sam-
xture ig-

il a poinffis

effect of/the

ing characteristics, of_the .

TECHNIQUES OF WATER—RESOURCE’S lNVESTIGATIéNS :

i

results. Radon has a short half-life (3.8 d).
and its presence 1s obvious from a decline in
“count.rate while, a sample is counted over a
‘period of several’ days or a week.

A radon-contammg sample can’ be puri-
fied by distilling it to remove a parent .
radium-226, allowing the sample to stand

for 3-4 weeks for the radon to decay, and

"redistilling before counting to remave, the

_radon daughter lead-210.

The analysis of tritium in highly radio-
active samples, such as those: from nuclear
< facilitieg; may be confused by the presence
“of othgr radloactwe noble gase€s, partlcularly

kry 5 and -argon-41. Rhinehammer and
L grger (1§73) discuss techniques for
ritium analysm in the presencé of concen-

tration of other radioisotopes much hlgher
~ than found in natural samples.

Samples prepared for countmg by elec-

¢

 -trolytic enrichment are normally free‘of ~

radioactive or quenchmg interfering sub- -
sfances B /

< 0

4 Kﬁfbrﬂfus y
i1 Cpuntmg equipment, hqﬁm scmtllla-
tion spectrometer, with two PM tubes, oper-

ating in coincidence minimum of two- chan- .
nels for pulse-energy analysxs, automatic -

sample chang‘erwmmlmUm 100 samples; con-

" stant temperature chamber, for PM, tubes

“and shield and sample changer, adjustable to
as low as 0°C; readout deviee(s) to paper

for visual - u‘lspectlon yof _results and to

punched tape or other automatic data proces-
sing (ADP) compatable form foy data trans-
_ fer to computer for- final calculations.
Optional : automatic external’ standardiza- -
tion by channels-ratfo
termination. Properly prepared samples do
not differ in quenching, and this determina-
tion is unnecessary. The presence of thg ex-
> terndl standard source near the counting®
chamber may add additional’ background.

> Counters as received from the manufac-,

threr will not normally be adJust’ed for

optimum counting .of water mud:’dres, and
before routine tritilm measurements are be-"

must be carefully adjusted.in the laborato'rr'y ‘

g

ethod for quench de-. -
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ya. AdJustments are possible tor PM- -tube

‘h‘igh\v’ol ge; amplifier gain; energy an:fljz-‘."

- ing channel limits; and (by a manufacturer’s
' Q'epresentatxve) the time interval in which a
pulse in one PM tube is taken as simultane-

ous thh a pulse in.the other and sent on to

- the analyzer cirquitry.

" The type of- mtxl]ator solufion and opt1-
mum water to s§ution,ratio of the counted
mixture must al
~.ing-chamber, temperature set as low as pos-
-sible to” mmxmxze ‘PM-tube noise without

B “causing: the’ counted mxxture to separate or '

freeze. v
The utxhty of a liquid scmtxllatxon spec-
- trometer for low-level counting is deter-
mined by its background count rate and.its

tritium-counting efficiency. A frequ ntly’,

used counting  mix#lire consists of 12 ml
"Instrument. Co.),
Presently available = (1976) commercial
counters are capable of counting this mix-

~ ture, with efficiences of 20 percent or greater,

-.and backgrounds of 3.6 cpm or legs. Older

_ instrumentsy with efficiences as low as 12
percent and backgrounds as high as 3.8 cpm,
may also be satisfactory, but wﬂl requxre
longer counting times. ;

4.2 Cozmtmg vials, commercxal screw-cap

zglyethlyene liquid scmtlllatlrcountmg
ials, ‘with caps with reflective liners.

4.3 Vacuum-distillation apparatus.

44 Miscellaneous qlassware pipets for.
prepanng counting mlxtures, standard selu-
tions, and so forth. L

4.5 Analytical balance. y /

“5. Reagents

o,

.5.1 Scintillator, commercial qolutxons for

s e\ountmg water mixtures, such as: Insta-Gel,
Packard Instrument Co.; Ready-Soln, Becke
man Inst#ungnt Co.; Scintillgtor §A70* Re-V
search Pfoducts Internatiomal; Scinti Verse,
FisherScientific Co.; Aqliasol, Nuclear Assp-

Co.
5.2 Trztmm 3tandard “solution: Appro-
™ priate standards for determining counter ef-
ficiency are prepared by the dil;{tion of NBS

\ C

° - ) > . e

X

/

be.chosen, and the count- .

- ciates; or ScmtxllAR Mosh.nkrodt Chenhc71 .

S~

N

_volumes of sample,

Y69

standard tritiated water with “dead” water,

that-is, water'containing less than * Tu. A

to 100 dpm/ml tri-

standard- containing Eg'
is adeguate.

tium (7 to 156x10° Tu
5.3 Water, “dead?.
urable tritium (“dea water) is requlred
for determination of cou)!ter-backgr,ound
rate and for dxlutmg of standard trltxa?d\
water, It is very difficult to confirm tha
water is truly “dead,” and it is. usually neces-
‘saty to make the assumptxbn‘fh'ﬁ water from
a deep well in a confined aquifér a hundred
kilometers or more from the recharge area
s “déad.” This assumption can be correct
only if  the well is pumped sufficiently to ex-

pel all meteoric wafer that may have entered
" the well a-lil surrounding aquifer by leakage.

. Procedu
H.O sample plus' 13 ml Insta-Gel (Packard | .
in a polyethylene' vial. .|

ennched by
-of

6.1 Distillation. Sanmles

electrolysis are distilled-in the final, '
that procedure and require no furth reat-k fz

ment before preparing. the counting mi
All other samples must be vacuum distilled
before preparing the countmg mixture.

Water with no meas-

6.2 Counting. Samples are counted in’ .

sets, each requiring about 1 week’ of count-
ing. A set typically Xricludes 1 standard, 1.

or 2 blanks (backgrotnds), and from 7 to

15 samples. The numbgr of samples per set
depends: on tritium content. Low-tritium
samples requxre Ionger countx__ngtxgxes, and
ewer can be counted per, week.
Mernbers of a2 count set awprepared

©

to-
gethér and in the same way. The propd

standard, , or
water is pipetted into a tared counting via]
and its mass determined to +0.01 g. The
scintillation solution.is then added by manual
or autopipet. The water to scintillator solu-
* tion ratio must’be constant within a count
set for th optxmxzegnc(junter seyngs If suf-
ficient & mple volume is not available, fol-
" lowing q]ectrolysxs, for example, the mass of
sample in the countmg vial is ‘f{rst measured,

then “dead” water added to bring the W v
water volume to that requxred by the co .

settxngs
The- vials are capped and the contents

thoroughly miixed. Heating the mixture to
. v

. “dwd?’ .

~

By
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40°-60°C promotes emulsification, but i is.not’

necessary. - The set is then . placed in the

counter sample changer for at least 24 hr
rbefore counting “begins to reach thermal
‘equlhbrlum and for chemiluminescence . (if
'any) to decay.

" Members of each set are counted sequen-
tiallysfor a preget time (40 to 100 min) or
until a preset number of counts (5,000 to
' 10,000)
. records the sample number, count time, and
counts accumulated,-apd moves the next sam-
ple into,position. After the last sample; the
sample changer returns to the first sample
and the cycle repeats.
 If the automatic external-standardization
optierr on the counter is used, the standard-
ization is done at the end of each count on

each, sample and the results recorded befoxe

The total time require
sample is determined by-i ritium content
(see sec. 7.3 below), If a set’ conta1ns several
h1gh-tr1t1um samples, these" can be removed
individually when they have counted long
enough, and countxng of the remalnder of

- the set conbmued

chan?ng to the next sample.

7. Ca Iculd'hons

7.1 Tritium counting efficiency (E) Use
.equation 2:

o ' E;—c"__,_
dn (ei“") X Vn
where '

c,=average count rate of standard

(cpm) above background (S—E), /

d,=disintegration rate of standard
(dpm’g),
V,=mass of standard counted £g),
M=decay constant of tritium- (1.534
- x10-* d-Y),
“ t,=elapsed time between certification
_«of the standard and” time of
. count infsam'e units as \,

» where

S= average count rate (cpm) of
the standard‘ln the set, and

.

[ave accumulated. The counter then

‘for counting a -

(2).

-~ °

v

B= average count rate (cpm) of the
blank (s) " (backgrounds)
the set. °
7.2 Calculation of tritium concentratxon
. Use equatlon 1: L _ _
- C e
’It.li_——_—KVEf (o) (1)
where - .
C#average sa‘mple count rate above
"background (cpm), :
V =mass of sample water counted (g),
E =counting efficiency, from equation 2J.
cpm
[dpm]’
f=electrolysis enrichment factor. For

samples counted directly, f=1
(for calculations of f for elec-

trolyzed samples, see method R-
1174-76),

X= deqay constant of - trltxum (1.5634
x10-* d-1),

‘t=time elapsed between sample collec-.
tion date and date counted, ii\
‘same units as )\, and

K=T7.13%10~* dpm/g Tu.

# 7.3 Calculation of tritium counting error.

The error term which accompanies tritium
results is,calculated, such that there is a' 67
percent probab1hty that the- true tritium
content of the sample is in the range of the
reported value * the error term.

Errors of tritium analyses are due pri-
marily to tl;g uncertainty inherent in any
attempt to measure the rate of occurence
(count rate) of a random. process (radlo—
active decay). For a count rate, : B, the
standard deviation a—R/t where ¢ is the
total count time. Errors in counting both
the sample and background are included. in

the’ net c;ample count rate C, above That
is, if c=S-

aC Va—+a_ . : (3)

In sets counted as described above, the count-
ing time for background ‘and sample are,ﬁle,ﬁ
same, so_ equatlon 3 can be written:

oC= \/m : - -(4)



-~

or precxslon of the count

The relatlve erx’ori
lsa-, ‘v:-- . . . ."(‘ \

rate measureme

d ~oC/C.
_Thus equation 4 shows tha‘t,‘"cmalyhca.l pr&
cision increase3d” (¢C/C becomes smaller)

Py with longer count time, or, for a fixed count,.

time, increases with high sample count
rates (a higher- tritium-counting él'l‘ioyency
or a higher sample tritium concentratlon)
“or w1th a lower background count rate.

' In addition to the count-rate error_,_ small
errors are associated with each of the other

terms in equation 1, and the reported oy, is 1|

of

LG

oV

_>"’+<.

calculated ‘with the expression
v )

qm;mx V( §>+<
(5)

There are also errors assoc1ated with the K
and (e—™) terms .in equation 1, primarily
due to uncertainties in the knowledge of the
tritium half-life, but they are negligible for
most purposes. - .
Because Tu-error calculatlons are tedio
and complicated, they are done by computer
" from the counting data punched or other-
wise directly recorded by the counter.

f
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’ 8 Report N

BAAGE

Schroder, L. J.;

Rhinehammer, T. B.,|

~

n
. .

Tr1t1um errors are reported to two sig-

" nificant ﬁgute‘s or to the nearest 0.1 Tu,
%whlohever is- larger. The tritium result ‘it

$8IE is. reported to the same number of éug-

i mﬁcant figures.

Tritium data’ ane~frequently required in

ék'presslon -
. Teme L

PCi trltium/l = 3.2 Tu.

.

"9, Preclslon »

"The precigion of tritium analyses varies
with sample tritium content and with labora-
tory configuration and location. The one

_standard deviation (1o) error is reported °
‘with each result. The calculation of this"

error is described above (sec. 7.3).
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Trltlum - A

EIectrontlc enuchment—llqmd scmtlllatlon method
‘ Derer lab (R-H72—76)

1. -Application’

Gas counting preceded by'ebctroly'gfen- .

" richment is the-mobst sénsitive analytical
method for. tritium and is applicable down to
concentratwns in the range of 1 Tu. With
very careful control of ‘ambient laboratory

tritium levels, and a valid blank based on..
“dead” water, it is possible to apply the meth-

od to watérs as low as 0.2 Tu. Where gas-
.countmg equxpment is not available qr where
a lower detection limit of 25 Tu fﬂj

tory, electrolytic enrichment followed by
liquid scintillation counting permits the anal-
ysis at lower concentrations than by liquid
scintillation alone (method R-1171-76). The

" technique also may be applied to samples hav-

ing high concentrations of nonvolatile radio-
activity contamination such as strontium-90,
because the sample preparation steps elimi-
nate solid materials. _ _

—The technique is generally applicable to
detérmine tritium introduced into water by
rainout and to measure natural levels of tri-
tium in surf /The technique is not

fliciently sensmve fér the determination of
very low natural tritium levels.

2. Summary of method

When it is necesary to determme tritium

- at a lower concentration, with improved ac-
curacy, than is available in the liquid scintil-
lation method (R-1171-76), an electrolytic

enrichment step is introduced ahead of the

liquid scintillation counting. The electrolysis

Parameters and codes: Tritium, dissolved, (pCl/I)
. Tritium, in water,mo'hxles (Tu) 07012

satisfac-

07005

techniques were mtroduced by Kaufmann
and Libby (1954)
. Electrolytic enrichment is Qamed out by

: addmg sodium peroxide (forms sodium hy-

droxide), followed by carefully controlled
electrolysis in ‘specially designed cells.-The
cells of Ostlund and Werner (1961) are u :

“~’Ehe isotopic fractionation factors are m- -

proved by -operation at low temperature.
Hence, the electrolysis is.-carried out while
the celld\are partially immersed in a'cold bath
maintained at, a- temperature just above »
freezmg

percentage of recovery of tritium in
the elgctrolysm is a complex func(‘c_)g of tem-

perature, current d’enmty, and electrode sur- B

face reactions which arenipt fully understood.
Practical systems have beén developed  which
achieve 70-80 percent recovery of tritiumyjn -

electrolysis from approx1mately 500 to 10 Thi “:" .

More extensive electrolysis prov1des g
enrichment but lower percentage of recovery .

‘l'he reproducibility of recovery between &ldg-

trolyses is approximately 3—4 percent under i
noimal conditions. o

Liquid scintillation counting is based on
the conversion of the energy of a particle -
emitted by a radioactive nucleus to light
energy by means of a scintillating chemical.’
The scintillations are detected by a photo-
multiplier (PM) tube. The electrical mgnals: '
from the PM tube are amplified and sent
through a simple multichannel analyzer
(three or four channels at most) where sort-
ing into energy takes place. The counts in

73
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‘ eacb channel are displayed on a scaler and

may be read out on paper tape, punched tape, :

or magnetlc tape.

quuid peintillation counting is used ’prl-‘
" marily for the counting of beta emifters al-
. though it can also be used for alpha-emlttmg
. isotopes. : -

. When liquid scmtlllatlon counting is used
“to determine a radionuclide in _agy;us solu- -

tion, the water sample is dlssolved Sr dis-
perséd in a larger volume of organic solvent
containing the scintillati chemic'al A wide-
ly used mixture for aquéous solutions was
dloxane-naphthalene cofitaining the scintil-
lator 2,5-diphenyloxazole (PPO)* and a sec-
ondary scintillator used to shift the wave-
length of the sc1nt111at10ns 1o the most sensi-
_ tive spectral region of the PM tube. Much of

“the tritium date reported in the literaturea
was determined by use of the aljpve scintilla-

tion mixture. The dioxane-BPO combination

has been superseded by -proprietory scintil-
lators that produce gels when. mixed with
water in proper ratios, The newer: scintil-
lators have approximately doubled the sensi-
\t1v1ty of liquid scintillation counting for trl-
tium. Sinca the composition of ‘the proprie-

tory mixtures i is not avallable these arelisted’ | -

by trade name in the “Reagent” sectien,
'~ .While the mechanism_of liquid scintilla-
"tion gountmg is not completely understood, it

seems clear thatthe energy transfer is a two-.
- stage process, with initial energy transfer to
the solvent followed by transfer from the sol-
vent to the scintillator. Many substances, in-’
cluding water, interfere in the energy-trans-
fer process to f{u’ench ‘the scintillations and
reduce the count rate. Excessive salt content,
certain metals, and organic compounds
quench in varying degreé. Colored substances
may quench by light absorption in addition
to interfering with energy transfer. Quench-
ing substances are generally removed by
vacuum dlstlllatlon e .

The quenching effect of water is cornpen-
sated by using & constant vokume of water
and constant ratio of water sample to scin-
tillator mixture in ‘both samples and stand-

ards. The count rate of a particular sariple -

depends on both the volume of sample and

s

of meéeting the following specifics

¥ '/ .
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. the ratio bf 11qu1d scm‘tlllator mixture to

water sample. As the fraction of water sam- -

creases, count rates increase until & point is
reached where the quenching effect of the
add1t10na1 tritiated water exceeds the effect
of the increased radioactivity. It is found

that \a practical compgomise between maxi- -

mum sample volume and scintillator volume
provides optimumg_sensitivity. The maximum
on the curve of activity versus volume of tr(-
tiated watgr (in a constant overall volume)
is a rounded plateau.. Therefore,.the propor-
tion of water sample tq scintillating liquid

‘mixture is not critical and ‘18- easﬂy rEpro-
- dugible in routine work! i

« The permissible ratio ‘of water sample
Ilqu1d scm illator mix is also controlled

- A detailed description of the method ig
glven by Schroder (1971).

] ‘v\{

3. Infsrferences

.ple in the water-scintillator mixture .in- -

-

physxcal stablhty of the gel formed. E ’

—

There are no mterferences in the analyti- "

cal met w
ti]]ati:oél s usdd to remove both quenching
substal and radionuclides that could con-
tribute xcess counts.
electrolysis are fully effective in removing
m@'ganic salts, hlgh lmg organic .com-
pounds, and"gaseous dloxsotopes Krypton
and all other gases are stripped out in the
e]e trolysis owing to prolonged bubblmg of
remand hydrogen. through the sample.
Further protection ‘against interferences:
is prov1ded by the’ energy dlscnmmatlon in
Jthe 11qu1d-sc'fnt111ator analyzer and the ex-
ternal standard-ratlo test.

4, 'Appclrcltus

4.1 Autopipet, 25-ml maximum capacity.

4.2 -Counting equipment. Liquid scmtllla-,

tion spectrometer; counting syst@;rd}capable
5

Il .
Background—not. to exceed 5 cpm at sea 'level

in tritium channel.
Counting efficiency—not- less thiin .24~ percent;

n electrolysis is included.: Dls-\

Distillation and

with optimum sample- sc;ntlllator mixture ami

polyethylene ‘via]s. - v

[
3
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. 1
Sample capacity—at least 100 samples.
Operation—programmable and automatic.
Internal check—an external standard and ratio
computation capability required. '
Readout—automatic printout. ,
4.3 Electrolysi unit. Contains the follow-

1ng components: .

4.3.1, Electroly51s cells. See figure 8. The |

Ostlund cell has a mlld-steel cathode (where
reductionn of hydrogen isotopes occursj and
stainless-steel anode. The glass envelope is

. designed. to. attach directly to a vacuum-dls- -

. ‘

tilfation apparatus
4.32 Power supply, d1rect current at
least 6 mperes at 30 volts.
Freezer floor-model, large enough
rows of five electrolysis cells.-
Exhaust lines, to vent the explosive

to hold
4.3.

mixture of oxygen anﬂ hydrogen gener ed
1n electrolyg}s

//\

s00ml’ SAMPLE RESERVAIR
100ml CELL BODY

3 > - -‘-“.‘-;-‘-‘ . - A :
3 ‘ B g ¢ .
g BY TEFLON SPACERS.

ELECTRODES SEPARATED

D LEAD IN WIRES - -
£ TBFLON SPACERS

CONNECTOR FOR GAS .
‘ EXHAUST TUBE AND -
» " ELECTHRICAL ENTRY -

(3 ‘

"l. '> . . '(‘ /'.

'\,,_

4

/

4

)

is truly “dead,” and'it is'usually n
, make'the assumption that water from a deep

N _
75
4.4 Pzpets 8-ml. : ,
4.5 Vacuum-distillation appm atus. Con-

‘sists of a 100-ml round-bottom flask as the
distillation flask and a- 125-ml round-bottom
flask as the condenser flask. The distillation
flask is heated with a rheostat-controlled

tle and the condenser flask dips-into-a -

Dew _containing 1sopropanol dyy ice. The
two flasks are connected by a 20;mm diame-,
ter U-tubé, 10-cm long with grou?!-glas con-

nectors and stopcock for “apblication of

vacuunt, Heating tape i§ coiled around the
U tube connectlng the two flasks.

5. Reagents Lo -
5.1 Scintillator, Instagel (Packard. Instru-

‘-

(1°~4°GY. A preblended gel-forming scintil-
lator designated'. 3A70* (Research Prod-
ucts Internatlonal) for room-temperature
countlng ' : .

52 Sodium peroxide, reagent-grade.’

5.3. Tritium standard solgtionk Appropri-
ate-standards are prgpared b dilution of:
NBS standard trj
water, that is, water contalnlng less than 1
Tu.. . : .
. 5.4 Water, “dead” : The tritium blank in-
troduced by reagents and leakage during
electroly51s must be tested .at. 1nte
analyzing ‘“dead” water (water.

measurable tritium content), in exactly the

well i 1n asconfined aquifer a hundred kllome-
ters or: more from the recharge area is
“desd.” This assumptlon can’ be correct only
if the well is pumped sufficiently to expel all’
meteoric water that may have entered the_

<

well and surroundlng aquifer by leakage.
N o »
6. Procedure '

6.1 El rolyﬁls (In electroly51s and all
other,step at-dried glassware is used.) -
6.1.1 till 55-ml yolumé of water sam-

ple in the vacuum-distillation apparatus. The ¢

uriit 'is evacuated before use, and. the watel’> !

. 'f . . " 9 ﬁ.u

ated water with “dead” -

ment Co.) for low-temperature counting. o ‘

.

<o
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sample is protectéd’_t?rom atmospheric mois-
ture dunng distillation. Distill to dryness.
Recoxery is usually slightly. less. than the
orlgmal volume' bet:ause of water of hydra-
tion remaining in the salts r '

water is insignificant. -

* 6.1.2 Transfer the distillate. Yo a clean
and dry Ostlund electrolysis ¢ell (fig. 8), add
0.75_ of sodiumy
' "dx,stllled-water &ample and stoppé\ the cell.
An argon atmosphere is maintained in the

. reservoir -to eliminate_ contact with atmos- |

pher1c moisture. . -
6.1.3 Prepare a blank sample (“dead”
“water) for*electrolysis ‘using: the above pro-

cedure. Prepare a standard for electrolysls'.

(200 Tu is.a convenient concentration range)
using the above procedure. ' ‘
6.1.4 Set up one blank, one stan%;rd,
and four samples in series in the electrolysis
* bath. rger number of samples m#y -be
used Af sufficient voltage is available {rom
the électrolysis power supply. The trithym
eririckment for oné group of samples is deter\
mined Ry the enrichment of the standard in
serles fith the group.
Proceed with/the electrolysls after
samples have -been tooled in the codf] chest.
The temperature of-

o

proximately 10 ml using 4-ampere current,
6.1.6 Neutralize the highly caustic solu-
. tion in the cells to, pel*r?nt full recovery of tri-
tium and to avoid mechamcal and corroslon\
-‘problems in subsequent steps. Dlsconnect a

- cell from the electrolysis line, and while pro- '_

 tecting from the atmosphere insert a dis-.
posable pipet through the hole in the Teflon

ly ut'5 'min and 1 liter of carbon dioXide
are' required to complete neuty

6.1.7 Distill the neutraly
~a ‘small tared Pyrex bulb usin vacuum-dis-
) tillation apparatdslkT e sample is gooled (but

not frozen) in liquid mtrogen Attach the
Stlll-llQUld sample to the mlet of the dlstllla-

—~
;
;

" : ¢ ; ]
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idue, and drop- .
lets on the walls of the apparatus. The triti- -
um fractionation attnbuta.ble to nondistilled

eroxide, add 50 nil of the -

he ethylene glycol-water, .

coolant bath is maintained at 0°C t ougheut
thé\process. Electrolysis’ from 50{m} to ap- | throughout thérun of 10—-14s

. spaﬁ‘o Bubble carbon dioxide through s;lgyé .

. : ;’
'

t10n apparatus and apply - vacuum The

. v
. . f

LY

sample first bubbles to release trapped gases _

and then freezes.”Apply a heat lamp. or heat
gun to distill the gample into the liquid-
nitrogen-cooled rece1vmg bulb. Weigh' the
bulb after completion of distillation to deter- -
mine ‘thé volume of- the water sample
collected. _. :
6.2 Counting.
6:2.1 Pipet 8.00 ml of the dlstlllate from

the precedmg step into a 25 “ml polyethylene .

vial, afld add 14 fl of scmtlllator mix. The
choice of scmtlllator' depends on’ the type of
liquid scintillation spectrometel‘ to be used

" for counting. Instagel ig used with the instru-

ments that operate at cold .temperature
(3°C)-"and 3AT70* is used with the instru-
ments that operate at room temperature. Cap
the vial apd mix. Heat the Instagel-sample
mlxture on a hotplate at approximately"
100°C for 2 or 3-min. This clarifies the mix-
ture.- The 3A70*-sample mixture does not
requlre heating. The above operation is car-

~ried out under subdued red light to filter out
| the blue region. .of the spectrum. This mini-

mizes excitation of ﬂuor&cence background
in the sample

.2 Prepare three blanks d two
stand ds in the same manngr asjthe sam-
_ples. Blace one standard in the 2dgcounting”

position in the spectrometer and one in the,
intervals~

10th position. Place blanks at

. 6.2.3 Plage three sealed stan ards (fri- -
ated toluene i glpss-sealed s utll ator solu-
oup.'One stangd- oes. in the

tion) in the

near the blanks.
6.2.4 Allow prepared sampl& to remam

in the dark in the llguld scintillation spec--_

trometer for several hours before counting
begins. This allows decay of fluorescence and
chemllummescence A minimuym- of<8-hr

standing s required W1th Insta.gel and 12 -

hours with 3AT70*.
6:2.5° Count’ eagh uﬁ:ﬁve times for 100
mm * Totdl countmg time for one 3ample 1s

500 nin. & .

K o S . ’ . -

-

{
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" 6.2.7 Program the\instrument tg pPer-
form the external-standard ratio analysls on
samples, standards; §nd blanks at the end of
the counting run (see instruments.instruc-
tion manual). This procedure is a check for
quenching. The ratio ef low-energy counts in
channel A of the spectrometer is éstablished
for both tritium and an external standard
placed near the sample vial. The value of R

n.the following equation should be constant '

within +0. 2

tritiumi'

¥ Countsin B -
Im lstandard}.

. Individual samples that fall outside this
range must be reanalyzed. If all values of R
- fall outside this. range, the scimtillator has
- deteriorated and must be replaced.

7 Calcu!aﬁom

Several statistical schemes have been pre-
sented for the calculatlon and verification of

tritium dita, each intended to optimize a par- ’

ticular *analytical sltuatlon In the present
analytical procedure the repeated counting
of individual sa s has the effect of aver-
- aging out short-term fluctuations. Statlstlcal

checks have shown that highest precision, in

. this analyt1ca1 situation, is attained by the”
use of longer term averakg values fc'»the
samples and standards. A
Counting efficiency and background values
are deterinjngd with tritium standards when-
1ver a new.lot of scintillator is used Count-
ng-efficiency- data and background data from
. standgrds and blanks run with eath set are
determined. The new data from each set
‘are averaged into the data fr?n the preced-
ing sets, thus creating am ‘average
v?{,lue for counting efficiency and b%€kground.
As new efficiency and background data ap-

pear they d1splace older data entered into the |

moving average. Data from four or five valid -
runs (no quenghlng or other aberratlon) en-
ter into the moving avefrage used at
given time,

7.1 Trlblu'm. efficiency ,factor (E') Use
equatlon 2 '
t o . .

&

: Tr1t1um con ntratlon'ln Tu—

v

A

77
A o
=" 2
¢ = d.(e=s) )

where .
c,=average  count rate of standard

(cpm) corrected for background :

and blank;
-d,=disintegration -rate of standard
- (dpm), 'corrected for blank (S
—B)’ '

A= decay sonstant of tritiim (4.685

.. X102 month—?),

" t,=elapsed time between certification of .

same units as A, .

v

where .
" S=moving average count rate
. (cpm) of the standards, and -
B=moving average count

“(cpm) of ‘the blanks. .
7.2 Calculation of tritium concentration:

where f is electrolytic enrichment factor de-
termined by standard included in the run,

_ cpm/ml after electrolysis T

) " cpm/ml before electrolysis’
7.3 Converslon of tritium concentratlon

- 3.22

- 8. Report o o

” the standard and time of count’in-

pCi tntlum/l ‘

rate

Use eﬁzxatlon 1. The chemlcal recovery faefor
(f ) 18 4n enrichment factor when electrolytic
i enr;chment is applied to the sample. :
RRY) 1,0006°-+
ritiu = e 1
e

3 ~

“Concentrations in both tritium units and

picocuries per liter are reported to g sig-
etec-

nificant figures down to the minimum

“tipn level (MDL). The latter can only be

estimated because of the very pronounced
effect of altifude on the background count.

-At 5,000 ft (1,606,m) it is estimated at 25 Tu

for the liquid sclntlllatlon countirig of an
elec trplytlcally enrlched sample

9. Precision N

. ision is dependent on altltude in thé‘v
~same wax as MDL. At 500 Tu reproducibility

PN
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~

. is approXimately +20 percent Prec1snon im-
proves with increasing concentratlon and is

improved by efectrolytic concentratign of

-samples with lower tritium concentration.

Reproducibility for samples enriched by:

electrolysis is limited by the reproducibility
s of electrolysis (approximately *3 percent) N
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Tritiuin -

%
s IS

e

Electrolytnc enrlchment—llquld scintillation method

El Reston lab.

~

SR / “
_ L. Application s
The limit of detection of £ritium by the
‘ligwid scintillatiorf countin} ~ method/ (R-
~1173-76) is about 60 Tu (190 .pCi/1}{ Many .
rsuxface-water @nd most’ ground-water sam-
ples contain less|than 60 Tu;and cannot be
analyzed directly. Concentration bf the triti-,
um in lew-tritium samples by electrolysis be-
fore counting by liquid scintillation permlfr"
“the analy51s of water contalnlng as little
. 1"Tu (3 pCi/l). -

-

2. Summary of method

When water is decomposed to H« and b

. gas by electroly51s there is a strong isotope
fractlonatlon effect which results -in the

in partlc.ular) Toe-
g liquid’
F dovery

of more than 70 percent of the 1niti@l tritium

is'possible. Thus, if a samples reduced from _

" 500 ml to 5 mil by electrolysis, the-trifium in

) t-he re51dual %ml will have been concerttrated »

500 %07

5.
an electrolyzed gamble is counted using the

procedure.described in method R-1173-76,
tritium levelk as low as 1 Tu can be detect d.

) /The electrolysis procedure used is "esspn-
tlally that described by Ostlund and: Werner.
(1962). The sample, after dlstlllatlon is

made basic .with NaO‘H or Na.O. and.elec-

by at least 70 t1mes,When s?ch

- Parameters and codes: T rifium, disso‘lved (pCi/l): 07005
_Trifium, in water molecules (Tu): ‘070'_|2 ¢ -

174 4 tOTQ samg}es p

(R-ll74—76)
)

nickel and soft iron electrodes. (See fig.. 8,
‘méthod R—1172-76, for diagram of electroly- -
sis cell.) During operation, the cells"are kept
at 0°-1°C to.improve-electrolytic tritium.re-
covery and to min
- evaporhtion. A maxidum of 100 ml is elec-
trolyzed in the cell. If larger samples are to
be eleetrolyzed tHe sample is periodically
—added to the, cell from.the reservbdir as elec-

trolysis proceeds

less than 25 ml remains. Then the current is.
reduced in Neps t5as low as one-half ampere
. as the remai

L]

Following electfolysis, the.sample water is _
separated from the electrolyte by vacuum ",
distillation and i is thev( ready to be counted.

‘ ‘connected in series to a constant voltage, cur-

rent-limitin
jart, Electrolygis sta\ndarc_l a blank ag_ghﬁf o

H 3. dnterfe B !
Sampl ardﬁ/ tilled before and after elec-
.trolysm, a‘ﬂd. are thoroughly gas- stnpped by *
the H, and O, produced @urmg the ‘electroly-
sis itself. Thus all potential 1nterfer1ng sub-
stances are ef’fectlfr_ely removed, nd no radio-
.active or other 1nte renCes remam in the
sample ready for coynting.

/
The,m rférence with low-level tri-

trolyzed in glass cells (Ostlund cells) thh
’ . fl
. e

)

ajor i
t\um anal;% ‘is tontamlnatlon by tr1t1um 1t,-

%

9

imize’loss of sample.by—

Electrolysis procee®s at 6 amperés untﬂ" .

ing - volume decreases to the de- .

s1re -5-ml final} volume. Electrolysis from a *
star ng volume'of 100 ml requires about 4_d .

Electrolxsm is performed in sets of cells -

3

R4
PO
..
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. sive exposure to the laboratory atmosphere.

g thr

~ described in method R—‘1173—76 W1th the ad-

~ od R-1172.76.)

»

tlum content .from the - count data (see

4. Ap#drutus

self. ‘Th’e electrolyte may contaln tritium, or
the sample rhay pick up tritium during exces-

To mlnlmlze contammatlon it is important
that sources of tritium above levels naturally ¢
present in the a1r’be rlgorous ¥..excluded.
from the laboratory hese 9051#'
luminous watches and such high-t
ples as may result from tracer tests. . N
Sampleg of “dead”;water should be-run .
h the entire electrolysis and countingt
process as blanks to momtor contamination

fdm sam- -

final reported tritium content’ (see sectlon
below)

-

-

~

.The apparatusxrequlred is the same as that

dltlon of the followmg
(‘)stlzmd elect?lyszs cells (See ﬁg 8, meth-

Vacuum-distillation. apparatus (1) for .
predlstlllatlonp capable of handling volumes
up to 500 ml; and (221 for distillation’ after.
electrolysis, capablé of h’andlmg from & to
10 ml.

“Freezer for cooling electrolysxs cells

5. Reagenn o k/N\

As specified in method R-11173—76 w1th
the addition pf the' following:
Electrolyte, NaOH or Na.O.. ‘
Electrolysis standard, a tritium standard
solution prepared as described in method -
R 1173-76, sec. 5.2, a:nd ‘Containing about 1
dpm/ml ' .

v

LA

Al

. 6. Procodun

Perform electrolytlc enri’c'hment as de-
scribed in sec. 2 above, then/follow procedure
deséribéd in"m'ethod R-1173-76. |

7 Calculations - I T

7.1 Enrichment factor. The enrlchment
factor, f, required to calculate the sample - trie ]

oy

,
P
I e

e s . &

/ S RN . ' ]
v ¢

K
N ¢ “ .
. s . IAN

)

. TECHNIQUES OF WATER RESOURCES INVESTIGATIONS

method R-—1173—76) is calculated us1ng equa-

tion 1:

where : S

Y
_

7
v'V°7‘(1/5) .
sy 3
V/ o

» V,
f= 7,

V —volume of ~sample hefore electrolysls, '
V,=volume of sample followmg elgctrol- *
ysis, and
B=the separation factor

\

J

The electrolysis standard with each set is
counted as if it were a sample and 1ts tritium - -

. @nd to permit corrections to be mjade to.the ¥ centent determlned Then:

LI

Pl

&‘ '\ E " Tu, - .
T fntd—* ' )"
LD ) Tu, .
~wher S . .
E /(:,—Trltlum " content of electrolysls.
standard after electrolysis, ~
Tu,=Tritium ~content oFf telectrolysis

standard’ before electrblysis, and
fmg standard enrichment fangtorx

- e

The standard enrichment factOr is. then

substltuted for “f” in equation 1 and Bis

~calculated: for the- set
7.2 Calculation of \l'ltlllm concentratlon‘

Calculate tritium corickntration in the sample

, lnz

'76

9.

the manner descr1 ed in method R—1173— )

»

Report :

Report as descrlbed in method R—11’73—7 6._
‘\. LI v
Precmon

’

Thel:e are uncertalntlw in egch of - the‘

‘terms. in equation 1 /lea@g to f. These are’

the weighing err ts in V, and Vi and’vatila-’
s in the elf5 rolysls Process | itgelf giving. .

that the- one standard de

e to variations.in 8. E;‘chpenence suggests
ation error of f~

(o7/; in equation 5, method™ R—1173—76) is -

i about 5 perce t

value of
sam
posure 'In the laboratory .Under favorable

Y

The;'e ig also~grror ag i ted w1th the -
) e blank which is u:g\@ correct for

ntamftion by reagents and ex- -

condltlons, the error in the blark may b‘%,as ‘
. "X

¥
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small as *0.02 Tu (Ustlund and 'chers, ¢ References - N
1974). In routine work, the error in the L Sstiund, 1. G aw E 1952, “Ire dictrolyts -
L stlun an eme:, e [ .
- blank is ‘taken as equal to the ‘value of the o entichment of tritium and deuterium foratural -
blank correctioni-itself—usually from 0.1 to ' tritium measurements: in Tritium.in -the Physi. | .
0.3 Tu. Thus, although it’'is sometxmes posm- " cal gpd R iologi fences; JInternat. Atomic ‘
ble to count'a sample to a premsxon ©o ‘“‘U mf%ﬁ ienna, V1., p. 95-104, . , v
cision of tine und, orsey, H G., and Rooth, C. G., 1974, .
than 0.1 Tu the real pre ot rou Geosecs North Atlantic radiocarben and tﬂfllum \
tium analyses is limited by the blank error to. results* Earth and Planet., Science Letfers,’ v. :

*0.1to 0.3 Tu.. . , g 23, p. 69-86. /
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Uramum dlssolved

FIuorornetrlc method—dlrect (R—ll80—76)

Parameters ‘and codes. Uramum, dlssolved (ug/I) 22703 ‘
. Uranugn, dissolved (PCI/I) 80010

l AppHcalion

ﬂhe method is suitab}e for the determlna-
' -_'twn ‘of ‘uranium . in nonsaline- ‘waters’
.".k<10 000 mg/] dlSSUlved solids)_ in- which
; ium fluorescence i is qyenched less than 30 -
cent. If .quenchlng exceeds 30 pércent, it
dxdvm ble tb use, the extraction m hod.
. - The latter met}rod is much more time con-
summg q‘herefore,‘ it is usual pract.lce to
apply the direct fluorimetric method as a first
. stép unless prev1ous analysis.oftsamples from A
a-particular area has’ ‘shbwn . thzrtrthe sumple.
. approach is ‘not. possible.
. The mlnlmum detection limit varleswwth

_the propert,1>es 6f the sample, flux, and ﬂuorn-
. ‘metér, but i 1s normally 0.3 pg/1 ‘.

3 Summary of method

“The ﬂutmmetrlc ‘method. of de*termnpng
dgnium is among the most senSItlve and spe-s

cific of analytlcal methods. The intense fluor- -

‘fescence of uranium: when fused in'a sodium -
fluoride-sodium carbonate-potassmm carbort-
~ ate flux’is uflized to determine quantita ive
ly the amount of. .uranium present in “the
"sample In its simplest form the analysis is
carried owt by fising a dry. residue of the

. evaporated-water sa f]e in fluoride-carbon- °

-¢ ate flux, allow.lpg tHis\to solidify into a small
-;,dlsk and determining tﬁe fluoregcence under .
 ultadbilet light in a reflection-tyde fluorime;,
ter. ‘G¥fomium, . ‘copper, manganese, - and a-
few other elements-in water quench the fluor-

" escence in- _varying degreer When the
'quenchlng elements are 1n relatlvely low con-
e\ Co
. \ M
Tl ' 2’ N .
. - X 5. 1 o
B ° . f ) M . -w .
S L JEYARTS
A . . N . ARt . “.
% % e, e D - ¢

' sating for this effect o
"dev'eloped by Thatcher and Barker (1957 ):

centratlon, quench-compensatxon technxques
may be used. When quenching elements are
present in relatively high concentratlon, it is

" necessary to purify the uranium by extrac-

s

LS

tion. This technlque is described as “Fluoro- -

_.metric meth"(id—extractlon procedure” (R-

1181—76) Coe : <.

© Although the ﬂuOrescence of §h¢ sample jgv

tration (disregarding: quenchln effects),
is not possnble to® use a constant cahbratlon

centratlon This is-a result of vari tion in-

,propertles betWeen batches of ﬂux, vanat;gns
: m the’ fluxing temperature, possuble surface. -
- 'oxxdatlon during fluxing, and variatipns of

uraniunt impurity in "différent batches of, ﬂux
The above_effects are minimized by runmng
uranium standar
so that a new ‘calibration of concentration -
sainst ﬂuorescence is made tinder the condi-.
t ns ex1st1ng for each get of analyses

“The materlals uded for the preparation of .

~ the, flux always,contain a small amount of

uranium. Fluotescence from this source p}ps

' directly. proportional to the uranjum. concen- '

-straight-line plot of: fluorescence against con-.

“Wwith each sét of samples -

L

'reﬁected light not absorbed by the ﬁlters 1n*' £

the . ﬂuorlmeters make up the “blank The ™

ﬂuorescence component !of the blaﬁk is sub-

ject to quenchlng ‘while .the reﬂectance com: .-

ponent is ‘not. The blank for a hxghly
quencHed sample is, therefore, less than the

blank for a’ sample ‘W1th relatively I‘ow
method “of compen- )

quer(ching. A graphl_ ]
e.blank ‘value was

‘. R
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. The following me od is similar to that : — : N

_ fescribed in Water-Supply Paper 1696—Q ' -
(Barker and others, 1965) for the determina-
tion of uranmm in nonsaline water.

.

. b‘ ﬂor‘f’ : .o

: * . Direct spectral interference 'is not a’p
lem“in the flidrimefric méthod. Cadm
ﬂuoresces in high’ carbonaté flux disks at ap-
proxtmately th’e same wavelength as.uranium
¢(Booman and Rem, 1962, p. 102); but inter-
ference from this source is unlikely in most
natural “watem. High concdéntrations of “salt
cause dlfﬁculty in the preparation of the flux

. ‘disks. The quenchmg effect of transition
metals has been clted above

4 Appara'us

4.1 Crucible tongs, platmum tlpped for -
holding hot- platinum dishes. "
4.2 Fluorimeter. A reflection-type instru-
~ ment of high sensitivity equipped with a
s sample carriage to accept small disk-shapéd
> * sdlid- samples is reqiired. The sample cavity
should be approxlmately 35 mm in diameter | .- .- s
“ o~ and, 5-mm’ deep, Instrictionssherein. pertain - A= ROTATING SAMPLE TABLE
to the Jarrell-Ash Model 26—000 instrument, o ' "

L

but any fluorimeter that fulﬁlls the above re- A ‘ :
i, qulrementsTnay be used. | - T “w ™ 'B.- QUARTZ RODS o0 HOLD
4.3 Fusion. apparatus. The rotary ‘fusibp. | . . ' PLATINUM DISHES"
- machine developdd by .Stevens and *othe\% \d e v :

or (1959) and modified by Barker and others' v o

, (1965) is uged (fig. 9). A rotating sample

. carrjage is mounted above a ring of burnez;s ) .
\ and.is slowly ‘révolved during the fusion toi| e : : N
asSyre that each-sample receives t e same%;__‘_D' - SHEET METAL HOUSING
.+ " heating. The samples are contained in plati- I ' ° o ;
*# nim fusion dishes resting on,_quartz rods. | ", i ' RSy B w -
. The fusion upit’is tilted appmxlmately 30° | _E - 'GE_ARED MQ'!I'OR
" -during part.of the fusion so that, molten gws y . ‘ '
washes the sides of the fusion dishes to sweep | )
[ .~ down any sample residue thst may adhere \ F’ﬁ LEVER FOR lNCLINING -
igp ' The design of the burner must be adapted to BURNER 20° . ) .
local gas composltlon and pressure to obtam : Flgure 9. —Stevens: apparatus for fuslon and m:xing
the optimum temperature L Sed . .of sample ‘and. flux in" uranium: determmatnonw ’
; 44 Fuszon dzshes Qhe ‘dishes - .are ,fabri- e
" cated of platinum to a shallow-dlsh shape' ty) compatlble with adequate thlckness for -
;;':‘ . -that provides maximum exposure of sample‘- strength (fig. 10).-The rounding of the bot-
~ - disk surface (for high ﬂuorescence sensxth-" - tom permlts easy removal of - the thlﬁed »
'. : K N (\), :
.: ' %' ‘ L .. > . e '.l. : .f','.s'.'b L L o Lﬂ . " . .’- .i-!\ ) B , ‘ :'\'"L““’.

‘.*, Ny ~ ", ) e ) N @ . . ’,
. ~ o M . v




METHODS FOR DETERMINATION OF RADIOACTIVE SUBSTANCES
o] . \ ’ "'
~——'38.mm

s . “\'.“ A ' .
. DEPTH AT RIM - 10mm’
'DEPTH AT CENTER - 12mm

* Figure "10. —Platmum dish . for use. in Stevens ap-.
paratus. -

ﬂux dlsk An 1dent1fy1ng number is stamped
into the lip of each dish.

45 Infrared drying lamps:Dual 250-watt
infrared drying lamps in a protective metal
.ghield are moun on a ringstand for vari-
- able heat adjustment.
4.6 Micropipet, 50-ul capacity, Eppendorf
- type, for‘add;tlon of uran1um standard.

—4mm

4.7 Mill."A 5- to 6-liter Pyrex glass-jar

mlll contammg 15 em by 2.5:cm cylmdrlcal
. Lucite rods-is uged’to mix the flux.

4.8 Pipets, volumetrlc 1-, 2-, 3- 4-, 5- 6-
and 1Gaml.

49 Polyethylene yars‘ w1de-mouth 4-11ter.

screw-capped for storlng ﬁux

; Reagents : ~
~ 5.1 Chro'm‘tum solutum, 1'ml=30 g Cr
*" Dissolve 0.085 g of K.Cr.0; in distilled water
. and- dllute to 1,000 ml. Wei ht and volume
v -meﬁur&}ents need nét be e o _
5.2 Copper solutwn 1m}= 60 ,lg Gu: Dis-

- golve, 0.236 g of CuSo. BHK) in- djstilled
“water and dilute to 1,000 ml. Weight "and

‘volume measuxements need not be exact.

: 5. 3 Manganese solution, 1 ml=20 ug Mn:
Dlssolve 0.081 g of MnSo,-5H.0 in dlstllled
water and, dllute "t6. 1,000 ml. Weight and-
Volume measurements need not be exact. '
K ;- -

Al X lJ

[ DRI

. of . reflected’ hg
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54 Sodmm ﬂuomde solutwn 1ml=001g

NaF: Dlssot
distilled watet and dilute to 1, 000 ml.

e10 g of dry. sodium fluoride i in

5.5 Uramum standard solution 1, 1 mlk.(_\

- =100 xg U: Dissolve 0.1773 g of reagent-
grade uranyl acetate dihydrate in approxx-
mately 500 ml of distilled water. Add 10 ml

of concentrated n1tr1c acid and dilute to 1, 000- :

ml -in a volumetric ﬁask Store in a Teflon.
bottle.
5,6, Uranium sbandard solution 'IT, 1 ml

=1.00 pg U: Dilute 10.0 ml .of uranium.
standard solution I to 1, 000 ml with dlstllled )

water. Store in a Teflon Bottle.

5.7 Fluz: Usmg anhydrous powdered re-
agent-grade chemicals, weigh out 910 g of
Na.CO,, 910 g of K,CO;, and 180 g of NaF,
and rough-mix in the glass-jar mill using a
large porcelain spatula, or Lucite rod. Add
the small Lucite rods, stopper tightly with a
polyethylene stqpper, place the jar on the
mechanical rollers, and dry-mrx overmght
6. Procedure .'

6.1 Determination of flux constants It is

necesary to determine r (the fraction of re-

flected light in the blank) and f (the fraction

_fluorescent light in the ‘blank) for each

; tch of flux. These {‘flux constants” are used
_ for all analxses made -with the given batch of

flux. Two calibration curves are prepared as

'shown in figure 11. The calibration curve X

| is prepared with pure uranium solitions and -
.| the 'calibration' curve Y is prepared with

”"uranlum solutions . contammg a constant
ﬂmount of quenching agent, The two curves

] intersect (P) at.a negative uranlum co“ncen-'- ‘
tration. The intersection of the curve X with -~

‘the fluorescence axis is point -A, the un-
. quenched blank. The intersection P of X and

‘Y is point B, the reﬂected light. The fraction - -
‘and the fraction - -
blank readlng is’

is B/
- of -fluorescent. lighttf ﬁn’t
1-r. - -

. The procedure is-as follows :

CE

R

rsolutlon and the foll wmg volumes of urani--

um' stahdard “solution II (m1croburet) into
platmum fusmn dlshes | <
R T

a 3

-, t IL"):_.," - ’

s 6,110 Measure 1 ml of sodlum fluoride -
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vt." O io N
VB bahes Sl !
D001 and 2 Looioollo. 0.000 .

3 and 4 oo 020
R 6and 6 oo __._. 040
Tand 8 . g . . 060"
9 and»lO"----LQ_.‘__\._- .080 -
. 2 “ :‘@;‘ .
o701 sE
Z .
o
<
w
. m .
o
w
—
w
L §
&
o
2
-~
o
«Pt
- A 1

7

.
. 02 .04 06 .08 .10
URANIUM CONCENTRATION (ug)

X-FLUORESCENCE (UNOUENCHED),
Y-FLUORESCENCE (QUENCHED)
A-FLUORESCENCE BLANK (UNQUENCHED .
. PLUS-REFLECTED'LIGHT)
B-REFLECTED LIGHT
P-INTERSECTION'-POINT *

. Figure 11.—Uranium calibration curve.

6.1.2 To the even-numbered dishes, add
1 ml of chromium solution.

. -6.1.8:-Evaporate the solutions to dryness
under-the infrared lamps. Do not‘permit the
- samples to bake ag this can result in.loss of
uranium, although the sodium fluoride ad-

“ded as the first step minimizes loss by .over-

heating.

" 6.1.4 Fusion procedure To each of the
dishes’add 2 g of the ﬂux (mxxture Spread
and bank the® flux with a glass rod so that
* any. "solids on the vertlcal walls of the dishes
w1ll be covered. .

6.1.5, Place the dishes on the rotatmg ‘

' “table of the Stevens fusion apparatus, a’nd-
incline it by operating the pésitioning lever.
Ignite the burner ring, adjust to maximum
- heat, ‘and. heat the dishes untll the flux is.
complé’tely .melted. ,This requlres about’5 min.
- Allow the fusion table to. rotate in the-in-

’ clmed.,posltlon for': an additional 2~min. Re- _'

p

.

ture for’ 3-min.’

“before measuring fluorescence.
6.1.8 Measurement of fluorescence: The - -

'156111 Re
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S/
turn the. table to the level. position,. and con-

" tinue heatlng the meltlfor an -additional 3

min at the same tempé‘rature
6.1.6 Turn the heat control,to the 1nter-
mediate settlng and heat”at thls tempera-

s

6.1.7 Turn to the low settlng and heat
for 3 min. Turn off the burner and allow the

dishes to cool for 8 mln with the' fusion .

table still rotating. F_lnally, place the2dishes
in a desiceator, and. cool for at least 30 min

»

‘following instructions apply to the Jarrel-
Ash fluorimeter. Modify if other fluorimeters.
are used. Allow the mstrument ‘to warm up
30-min before use.

© 6.1.9 Set the ﬂuorlmeter readmg to zero
using the zero-adjustment knob.” Push the

" empty sample ‘tray all..the Way in,’ -depress

the,X.01 ke

}{,ﬁnd adjust to zero using the.
screw adJustment

fRe’tnove the blank: flux

* disk from the platlnum dish by 1nvert1ng it
. on a clean piece of paper. Place the disk in

1e fluorimeter tray and push into measureg

ment position. Depress the X.1 key and ad- g
just: the sensitivity sb that a reading.of 10 .

(on a scale of 100) is ongmed for the blank.
6.1.10 Remove the blank disk and re-

check the zero ‘setting.” Use a soft-bristler -

brush to remove any particles slot)ghed into
the sample tray from the preceding disk. If

the zero needs readjustment, repeat step

6.1.9 until the empty holder reading. is zero

- when the blank reading is 10. The “fluores-

cence’’ reading of the empty holder is minim-
ized by painting with a colloidal gra%h)te
mixture such as Aqua-dag This must -dry

‘\-

. before. use. Repalntlng is requlred at“ inter- -

'

standard and $ample disks ufng the X.1

scale, lf posslble,, or X1 and X10 scales if -

* needed.
6.1. 1’2 Plot the ﬂuorescence of ‘the dnsks

ad the ﬂuorescence of the

as a functlon df the weight of uranium (fig. :

11). Draw the’ best straight-lines X and ¥

through the sets of points for the quenched
and 'uriquenched- disks. Determlne B A and
r and f as above

&



s

6.1.13 Repeat the calxbratxon substxtut-

ing 1 ml of manganese solutxon for - the
chromium solutign.

'6.1.14 Repeat the calibration substitut-

1 of copper solution for the chromium’

-

ing
solution
6.1. 15 Average the values of » and f
determined for the three quenchxng elements
‘as above. These mean values of » and fare
used for all analyges using this batch of flux.
6.2 Analysis of the water sample -

6.2.1 Four samples may be analyzed '

simultaneously using the Stevens fusion ap-
paratus with 20 positions for samples, when
analyses are run in duplicate. One milliliter.
of sodium fluoride solution is adgded tojthe
20 platinum dishes. Two dishes _‘serw,f as -
‘blanks. Starfdard ®ranium (0.06 xg) is added

to each of two dishes. Four 7-mpt"aliquots of

each sample are pipetfed in
Standard uranium (0 06 pg)
'~ of them.
622 Proceed thh the analysis as ‘ﬁn

steps 6.1. 3 through 6.1.11 above.

added to two

b

" 7: Caleulations L ‘ .

7.1 Determine the quenchxng f tor Q, )

' fo;: each sample fram the equation:

\N’

0= D~A -Al, . _ R
: 'C—B Al -
where .
Q=ratio~ of uranium fluorescence

under quenching corditions to.
the fluorescence under noquench v
for a given sample,
A= mean ﬂuorlmeteg reading of un-
N

-, spiked, samples :

o

o

a

PO diskgn
€ = mean r1meter readxn;?‘f stand- _
ard’ dxsks e 4

"D =mean fluorimeter readxng of sam-
ple d1sks contalnxng uranium
-1 gpike, ,

, Al,=fluorescence 1ncrement " of spxked

, samp’e ang’ '

" al,=fluorescence df the standard ,

Note that the equation appr"es onIyz when
the amount of "uranium spike ¥ the sample -
.ig equal to, uranrum 1n the staﬁdard

@ L T
Lo
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four, dishes. .-

¥

*/ B=mean ﬂug%neter readxng of b/lank e

® .
»
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7.2 Calculation of the corrected blank
value fyr each sample: The blank value to
be used with an individual water sample
. must be somewhat less than the blank meas-

fluoride-sodium carbonate disk because. of’
guenching in the water, sariple of that por-
tion of the blank value contributed by uran-
ium impurity {p.the flux. Since a blank that

blank value’@or each sample ‘on"the basis_
of the blank- measured for the disk of. pure
fluoride- ca&honate flux. The cpntrlbutlon of .
reflected light to the blank’ is- assumed to be.’
" the same for the sample disks and the pure
fux dxsk The calculation is simply - ¥

\ ‘u_‘ (QfBl) + (7Bl)1

0B
where -

B =sample b}ank .

-

flux,
f= fractlon of ﬁuorescent light for
-the batch of fAlux® used

batch of flux. used and
Q is de'ﬁned 1n$egtlon-7 1.

Wy Concentratlon -of uranlum m the
sample Thls is da}culated uslng equatlon

|’ A~ B j"il (1)_,00‘]’1;

NN Q
of - uranium in - the

*

g/l of U=

where T
- S= mlﬂ'ogra.ms
‘ ‘standard, and
e. V= sample volume in ml and the other
terms are as defined 1n sectmns
.1 and 7.2
If it is known from previous. experlence
with. water from a part1cu1ar source that -

- L'P" .

fifan 0.7 (quenching less thar 80, percent),”
it becomes _possible to -omif the determina-
tion of Q and combine -equations under,&?l
and 7.3 to-obtain the followmg‘ sxmphﬁed

P

A

A fU: S(A- B)r1000
o -
,“g A_Iq L v |

¢ . . -
®

14 : 5 .
L I P

. . C N .

?".

the quenching factor Q@ is always greater N

- expression:, . - . o'

e -
~Y
:

»

ured 1nstrumentalIy on the pure sodium .'

represents con‘&txons 1nlthe sample can(not
. be fg‘repared -it is necessary to calculate the

B,—blank obtaj ned with- d1sk of pure .

© r=fraction of reflected llght for the ‘

.
“

)‘ 3.
*
53
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-~ percent, whicevér.ts larger. The MDL is a-"'

v
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8. »Riporf

Report concentrations less than 1.0 ,;g/l
.to one significant figure. Above 1.0 rg/l, re-
port two significant figures. Occasionally the
radioactivity is reported in pCi/l. The con-
‘version factor is 1 ,2=0.33 pCi when only
'the radipactivity of uranium-238 is con-
sidered. Natural uranium contains 0.72 per-

~.cent of uranium-235, and normally uranium-

an equal activity of uranium-234. The con-
version factor is 1 ug= 068 pCi” when all
three 1sotopes are included. . oo
9. 'Procision '

o L

- . Precision is a.pgrommate y * MDL or =15

function of quefiching, fluorescence intensity
of the flux, and uranium impurity in the

flux. It may be as’low as 0.1 ug/l with a |
-sample having no sigr_liﬁ_can‘t'v_quénching an- |

: _TECHNIQUES ,OF WATER-RESOURCES INVESTIGATIONS

238 is considered to be in equilibrium with -

alyzed with a relatively pure flux, and as
high as 0.5 pg/l when a highly quenched

-sample is analyzed with a flux having rela-
tively high uranium impurity. Under aver-

age conditions the MDL is 0.3 pg/l. .

.N
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B Uramum dissolved

Fluorometnc method—extrachon procedure (R-1181-76)

Pammeters and codes- Uranium, dissolved (#S/I) 80020 .

Uramum, dissolved (pCi/l): 80015

E 1. Applicatlon -
The method is applied to water qamples

where tlle reduction of uranium fluorescence _
by quenching exceeds 30 percent (as deter?

rhined in “Fluorometric - method—direct”

(R-1180-76) ), the concentration of total’

dissolved solids exceeds approximately 10,000
“mg/l, or a minimum detéction level rower

than 0.3 xg/1is desired. -

} 2. Summary of method

Uranium 18°separated from quenching ele-
and excessive salt concentrations in a

-

~ men
tw
Smith and Gr1mald1 (1954). Uranium is co-
precnpntated "as uranyl phogphk%e
° num phosphate from a large-volume water
* .sample. Several quenching elements are _car-
" ried down by the=precipitate. Final purifica-
‘tion is made by dissolving the phosphate pre-
cipitate in dnlute,@ltrlc aad ‘and extractmg

with ethyl acetate or ethyl ether in the pres--

ence *of a salting: agent The,organic solutjon

_is evaporated to dr
and the fluorescence’ is determined after fu-

sion of .the dry residue’in sodlum ﬁuornde-‘

sodium carbonate flux.
Barke; and others (1965): qulﬁed the
N procedure sllghtly and.evatuated the applica-
tion to natural waters, The present procedure
- uses magnesium nitrete (Hellman and Wolf,
1952) to “salt-out” aranium from ‘the nitrj
~acid- solution of ihe precipitate into the eth
ether pha.se The magnésium salt is slightly
more eﬂ!‘ectwe than the aluminum  salt and’
usua y contams ‘less uramum impurity, thus

* v’

gnvm alow \blank correctwn C, L

tep separation procedure developed by |*

, on aluml-, -

nessdin a platinum dHh .

v 4 Appardtus o

'\

Interferel‘a
"All interferences in. natural waters are

removed by the separatnon‘steg?4alﬂfhave,qo_
effect. The*method has not, however, been.

extensively tested with industrial wastes,

mine waters, and other waters that may‘have ' *

unusually high concentrations of heavy
metals. When such waters are encountered it
is advisable to ¥un a spiked sample contain-
ing ‘a known increment of ‘uranium through
the analytical procedure to test for possible
resndual quenching. A quenching correction
can then be made as in “Fluorometric meth-
od—direct” (R-1180-76) based. on the-per-
centage of reduction of the ekpected fluores-
cence from the known increment of uranium.

-

4.1 Centm fuge.

5 4.2 Cc}ntrtfuge tubes 40- or '50-ml capao—
Tty Pyrex tubes with polyethylene screw-type

v

caps. .~ @

4. Evapo tmg dtshes, Teﬁon 125 ml.
44 F‘luomm,eter See method R-1180-76. -

_See method R—

Eppendorf type. .
4.8 Pipet and control,’5 ml . '
4.9 ‘Polyethylene jurs: See method R-"

- 1180-76. . .

.model. -

4

4.10 Ultrasonic genémtor, . O-Watt

%
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5. Reagenn ) " ‘3)

51 Alummum nitrate solutwn ~20.2 M

Dissolve 15 g A1(NO,),- 9H_O in distilled wa-

ter and dilute to 200 ml. _ .

+ 5.2 Ammonium hydroxide, concentrated.

5.3 Ammonium- nitrate solution, 1 ml

. =10@1g NH,NO,: Dissolve'10 g of reagent-

grade ammognum nitrate in dj tllled water
and dilute to 1,000 ml.

. 5.4e Dzamhonzzcm hydwé pho.sphate

solution, 0.090 M: Dissolve 12 g of (NH,).

HPO, in distilled water and dilute to 1,000

(=}

ml.
55 Ethyl ether. . "
« 56 Magneswm nitrate reagent, 5.0 N in
Mg (NO,) 0.5 N in HNO,: Dissolve 640 g of
Mg (NO,)? 6H.O in the minimum volume of
hot distilled water in a 1-litre beaker. Pour
into a 1,000-ml volumetric flask, add 32 m] of
. concentrated HNO,, dilugéto volume, cool to
room temperature, and again
~ volume. et _
5.7 Methyl red ipdicator solutzon
+solve 0.1 g of methyl red (dlmethylamlnoazo-
benze-necarboxylic acid) in 250 ml of 60 per-

~gent ethanol. - . % _
58 N ztmc acuf concentrated &
59 Uram§um standard solution 1, 1 ml

=100 ng U: See method R—1180-76.

5.10 Uranium standa;d solution II 1 ml"'

=1.0 ug -U See method R-1180-76. L

< 5.11 Unmmm standmd solutzon 111, 1 ml
=0.01 pg U™ Pipet. 10 ml of uranium stand-

dilute to

ard solution “II and 5. ml of concentrated'

HNO, into a 1,000 ml volymetric flask, and
dilute to volume with distilled “water. Mix
thorTughly,"and stofe in a Teflon hottle.

- 6. Procedure ‘

6.1 J?lace/&)&-?nl ahquots@f the ’hltered'

samples in .600:ml beakers. Prepare two
standardg, by -addition of 8.0 ml of uranium
standard solutlon 111" to 400 ml of distilled
* water in 60Q-m1 beakeérs. - Also prepare a
. blank of 400 ml of distilled water. An addi-
tional blank and standard: (prepared by pi-
petting 50 ] of Wranium stantard solution’ 11
diréctly into the ‘platinum digh) are taken

5 : . [ *
* - .

- ~
. . . . n ) . A
.’ I . . Sy A .. - S “:',‘ g S
oL * : . + o ., a0
. > C e . ,
- 4 N .

Dis-

n
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through steps 611 through 6.19 of thls

- procedure.’

6.2 Add 3 ml of COncentrated HNO,,
ml of 0.2 M aluminum nitrate reagent; and 5
ml of 0.090° M dlammonlum-hydrogen phos-
phate reagent. Heat to boiling to remove car-
bon dioxide. '

6.3 Add a few drops of met\hyl red indi-_
cator, and neutralize just to the' yellow end-
point by dropwise additions of concentrated

. ammonium hydroxide with constant stirring.

If, on addition of the indicator, a pink color
forms and then disapipears, the water proba-
bly contains an excessive amount of iodide or
bromide ions. In that;/event add ammonium
hydroxide; 2 or 3 drops at a time; théh add a
drop of indicator. Repeat this procedure until _
the iridicator exhibits the yellow color. in-
stantly upon hitting the solution.

6.4 Digest the precipifate gear the boil-
ing point on a hotplate or steam bath for 30

.min; then allow to cool to room temperature

and settle. v -
6.5 Using a small p1pet connected to an
aspirator, draw off as much of the super-
nate as possible w1thout disturbing. ‘the
precipitate.
~ 6.6 Transfer the precipitate to a 40- or
50-ml screw-cap Pyrex centrifuge tuke. Po-
lice the beaker and the stirring rod with 1°

.percent ammonsum, nitrate .solution, adding
.the washings to the centrifuge tube. Centri-
.fuge, discard the supernate, and add 4 or 5
. ml of the l-percent ammonium nitrate solu-»
. "tion. Agitate the mixture in the tube to wash

the precipitate, and again centrli'ug'e and dis-

card the supernate. Note: In transferring the ,

precipitate to the centrifugie tube it will prob--
ably be necessary to centrifuge and décant
ongg ‘befofe the transfer can be completed.

6.7 Qvendry the precipitate in the cen-
trlfuge tube for 15-20 m1nutes at 80°C. Raise
oven’ temperature’ to approx1mately 100"C
and take tg complete dryness.

6.8" Add 8 ml of the Mg (NO, Ya reagent,

-

and warm ‘gently-to dissolve the precipitate. |
_speed”™

Use - the’ ultrasomc generator to

dissolutidh. P
6.9 - When coql, add . 10 ml of cold ethqu

o .
. X Y% -

-~ N -

'.;..»

ether ta, the test tube, cap, and ‘b.gitate wgor-a‘“

< st .
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ously for at least 2 min. Allow about 15 min
for the two layers to separate. ‘

6.10 Pipel off 5.0 ml of the ethyl ether

layer using a 5-ml pipet with a control, and
place in a 125-ml Teflon disk to which ap-
proximately 8 dropscof ‘water have been

added. Add another 5 ml of ether to the tube,

" cap, and agitate for 2 min. Again, allow 15
min for the layers to separate, then pipet an

addltlonal 5 ml of the ethyl “ether layer from.
the tube into the same Teflon dish. Use the -

ultrasonic generator to break up emulsions.
The equivalent volume transferred is thus
75 ml of the original 10 ml of ether added.
6.11 Allow the ethyl ether to evapomte
«completely in a fume hood at pgom tempera-
“ture.
dryness.: . :

6.1 ‘Transfer the sample from the Teflon :

" evaporating dish to the platmum dish used

for fusion with g small portion of ethyl alt4- )

hol, pohcmg the bottorn -and the sides of ¥he
Teflon dish thoroughly with 4 small rubber
policeman. Repeat the ethyl alcohol wash one
more time. A third wash must be completed
using a small portion of distilled water. Com-
bine with the ethyl alcohol washes immedi-
ately. The three wihes must be kept small
enough so the combinéd w ashes do not exceed
- 4Ke volume -of thé platinum fusion dish.
. (Here again the distilled water wastZ;erves
.a double purpose: (1) assures complete
“transfer of the sample, and (2p reduceg the
ethyl alcohol .creep up the sides of the fusi
‘dish.) Take fusion dlSh to dryness under a
he&t lamp. ) “y
6.13 Carefully flame fusion (llSh over
bi rner until tb@ dishis a dull red. .

&
ET:

t gently on a'hotplate to complete'

.6.14 Add 2 g of flux and prepare ﬂuores-_

cent disk as in method R~ 1L80 -76. ¢
E 6.15" Place the dl,.Shes in'a deqlccatm and

\ cool }or at least 30 min. Determme the fluor--
,escence of the samples, blank, and ‘standard

as in. method R-1180-76.

N ih o

4
S LI %
. o Cx
v 7. Cclléuluhons ) *

Concentratlon of ummummq Calculated
" from the equatigee. ~ <= . )
‘- ) E 4-..'.__ ‘.". ‘- z‘ . N u.-v~.

\

1,000 S(A~-B) R,

#8‘/1_ 0f U _VTE'T

R -
whére .k
T S=pg of u.ramum added to prepare ‘the
- -. standards,
. ‘A=mean fluorimeter readmg of the

- sample disks,
B=mean fluorimeter ' readmg of the
. . blank disks, :
C =meald fluorimeter freading of the
, standard disks,
V = Volurne of the sample in mllhllters,
. R, —fractlonal recovery of uranium ex-
tracted fram the sample, and
R, =fractional recovery of uranium ex-
" tracted-from the standard.

The fraction of uranium recovered in seri-

" al extraction of the samples and standards

(R, R,) is determined by equation :

. R.=1‘—+1

PR

v, 12

) ;1 ( v,
X1

- v=vblume of ether (ml) removed after
“each extraction, and
l(.'.—volume of ether (ml) in the sample
or. each extractlon -

* When V is equal to 10 ml
to 5'ml (normal procedure) the R’ values
“for the. first, second third, apd fourth ex-

(N )

V.
where

tractions are respectlvely 05 075 0.875,"

and 0.937.%
When the seris
is .id'epti )

serjal’ extractlon ‘of the™
standar efmber of 'eii_fffaction.s using
the same v es) the fracflonal recoveries
cancel and the equatlon simplifies to ‘

1,000 S(A-B)
V(C-B)

-

- ..yg/l of U =

8 Report ) . N .
Report concentratlons to two significané

figures above’ 0. 10 pg/l and to’ one significant

figure -for values below 0.10 yiwth 0.01 .

,zg/l as the mmlmum .
*;

7 )

extraction o the sample _

I Savet

gnd v is equall

P
H

-

. -
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/”ﬁ\ Uranlum dlssolved |sotop| RS
Alﬂm spect;ometry—che}mcal sepal" pon R-l182-76 R
| j %K ’ axy.f‘-

Parameter end code. Uramum, dlskolved, |sotope ratlo (dl Jslonless)

none assngned

1. Applicuhon

The method is app]1cab1e to most fresh-
"~ water -and saline waters. Industr1al wastes

and mine drainage may require spec1al treat-

ment. : N Vo

~

2. Summary of method

N V}':;':.
The uranium isotopes ‘are determlned by
alpha spectrometry.after concentration and

. separgtion from the bulk of the water sam--*

ple by use of the prec1p1tat1on-extractxon
procedure described under method .R-1181-
76 determination of . uran1um This is fol-

. lowed by an ion-exchange procedure fo elimi-

nate thorium, an alpha-emitting radionu-

clide. The final step is-electrodeposition of .

the uranium (ag ‘uranium oxide) in a very
thin layer on a metal disk. Electrodeposition

conditions are critical because thick or non- |

“.uniform deposltlon must be avoided, and in-

- terfermg radioisotopes must be kept in the;
" solution phase. Thick or nonuniform e]ectro-
- * depositions result in distortion of the alpha

energy peaks and reduced counting effi-
ciency. The procedure is described in detarl
by Edwards (1968) R

Alpha spectroscOpy is -cargied out” by
-means of a silicon surface-barrier detector
with’ output to a linear amplifier and multi-
channel. analyzed. Readout is*by means of
an x-y plotter and electric typewriter which
. pr1nts out counts” in -each energy channel.

The alpha spectra of the uranium 1sotopes '

are as folfOWs :

- : -
. d -~
- v‘) 1
y . :
.

.0
: LR

- © . :
] L - -
* . ',:c;f‘ wi

130 keV) . (for 450

_ium. Samples as, 1 rge as 25 hters can be

, ‘excess, might be carried through. the “final

Uranium-238; 4.195 MeV (0 77), 4.147 MeV (0.23) .
Uranium-235; 4,370 MeV (0.25, 4.354 MeV (0.35),
(with five other energy peaks af less “intensity)

Uranium-234; 4. 768 MeV 0,7 7 MeV (0. 28).
~ Since surface barrler, deté can be ob-
tained with,. ;'esolutlon 85 fink as- 07030 MeV
n’nﬁ,ﬁcbungng area), it
is possible to g¢leanly r?(( ve ‘aH:the uranium

peaks of interest. / .
% Because of the very low rad10act1v1ty of

. uranium, itggay be necessary to collect the

_uranium fro relatively large water sam-
_ple to yield between 2.5 and 220 pg of uran-. ﬂ

used. ! ‘ .

3. ]nterﬁerences . _;;,‘j
There is no direct spectral overlap by

other.natural alpha-emitting’ nuclides. How-

ever, ﬂ thorium-230 or protoactinium-231 o

are present in great excess, broadenlng of

their pe ks might introduce £ small error, . 'Y

Translthn metals, when present in- great

electrqdeposltlon to increase the mass of the
depbsit. This would broaden the alpha energy ."&;_, .
tpeaks and reduce the counting efficiency. <
None of- these possible adverse effects ‘have

yet been encountered in practice.. . '_,

4. APParatus o S K iy

" 4.1 Detector, silicon surface-barrler de-
tector with approximately 450 mm? sensitive "

" area and depletion depth of 60’ microns or #& ,'5

more. - . a
"

42 Vacuum chamber. The detectpr is *

| .mounted .in a chamber which is evacuated
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afte1 the qamp)e 18 1merted Thw 18 esqentlal
) to, mmlmlze."anttermg of alphaq by air. A

vacuum, pu
: are use‘d bo mamtaln vacUum at 0. 1 torr

Mu nnel nalyzer array. The sig-.
4 nal is f *rom

xctor through a: pr‘e-
- ¢ amplifier “and mear a llﬁer into, @ Tilti-

. channel ‘anal}(.zern res the alpha ‘energy*
. ' pulses are ro’ute(:‘?zzhmr appropriate chan-,
wnels in _the memofy. The analyzer should have
a minimum of 256 channels if the full resolu- .
»‘*tlon capabllxty of the best silicon barrier de-

- tecPors is to be realized. - R
4.4 'Readout system The . memory may be.
read out’ using “a plotfer, “teletype unit,
" punched tap&’ magnetic tape, 'or other ap-
propriate means. The combmatlon of x-y
! plotter and- electric typewmter “has Been

found to be eaud@gtory, I~

4.5 Chemical- sepalafmn apparatus. The

chemical apparatus required for method R- |

1181-76 (items 4.6 tg. 4.8) are used.- _

4.6 Ion-exchangle colemns. These are de-

signed to hol(L.40 1 of liquid in a'funnel top

and to pass the solutlon through- & 14;cm

, -length of lon-exchange reqm 1" cm in
diameter. o :

4.7 Electrolysis apparat)/s The cell 1% de-
signed to plate a c1rcular deposit 2.2 cm “in
diameter to correspond - with the semltlve
diameter of fhenalpha detector. Ttre deposit .
is collected on g titanium disk which is
clamped onto the bottom of a Teflon cylmder :

. thus forming “anelectrolysis cup. The titani-
um disk is the cathode. The anedé is a flat
" coil of platmum wire suspended’ ﬁ 2cm above
the titanium disk. Power is supphed by a
"small 12-volt rectifier with’ ho}tmetér and am-:

meter. ‘The titanium’ disks are $72%ch; ‘h,‘v

dlameter '

-

* . . 2T ’
. . . Lo
4 . , . kX

~

5, Reagents
5. L\Etectropla'tmq reagents, NH Cl volﬂ
tion, 2 N; acetone; gnd ammonia.
. 5.2 Ion- erchanqe reagents, Bio-Rad’ AG_
" 1-X8, 50-100 Mmesh. or equnalent Hydro—
chloric acid, 8 N and 0.1 N. *
' 5.3 Preczmtatzon extraction: )raqcnts All
reagents requlred for the precipifation-ex-
tradtion steps of ntethod R-1181-76 areused.

\L

}) T‘ECHNIQUES OF WATER RFSOURCES INVESTIGATIONS'
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and’ silica- ge\l moisture trap \

- Table 2. Recommended sarhple volumes; minimu

- - » Ranre

. . .J- r S
"’ Rt}
Y

s

6 Procedu re

6.1 Determine the’ volume of sample re-
(L}\w/ed by.carrying out the fluorimetric urarjis.

x1mum Welght fof uramum

: .analysis by’ method R—1180—76 ‘or R— .
1181 76 as indicafed by, the nature of the.
mwmpTe Th
I *that can be used in the 1setop1c analy51s is -

2207 g and the minimum is 2.5 4. -Recomi- . -

“mehded - 9ample volumes for a-thousandfold

range of uranium concentgtlons are
in table 2. _ .. .

L

iven

and reduced volumes for |sotop|c uranium analysu

',w»*»g L . C

~-

! : S Volun'lc.)n liters

U concentratiom' Rec-
Aug/h ommended

‘Reduced .

Minimum’
. volume
-

NN
[ R54]
N a
=Ny
SO 00 N0
O Wk on
T .
.
.
[+4]

~

Hropoe e g
0N =1 = DN DD,

o

B I L L I Y N N L e

6’2 Ifvthe qampIe volume exceeds 1 liter,
J\\aporate on a;hotplate to: the reduced
T+Vvolume value q’hown in table 2. If the reduced :

= volume exceedq 1 liter it.is- necessary to o
: v1de the' sample into two or more 1-liter. § _
rough the

tlom ‘Each port’on is carried
procedure -as an md1v1dual ssample through’

water through the procedure

.6.3 Carry cut the uramum extﬁctlon-pno-

*cec ure, method R- 1181-—76 steps‘6 2'through
6.l Iftwo or more l-liter portlons of -one
sample are extracted combme the extracts
before step 6. 11 "L

! ﬁtep 6.3. "Run a ‘blank of .l-llter dlstllled L
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- 6'4 Dfs‘xsolve the dry x'esudue that remains. .
. from the evaporation -of the efhef layer in
~10'm] of 8 NHCL .
~6.5 Prepare thbnqn-exchange columns by
W"‘ashmg 6, g-of resin®in‘a beakeg ,w; h 3N
HG@. Transfer to the columns and wash' w1th
Y HCL T ?

- 6.6 .Pour the’ solution from aﬂ it I'Ra.

f'on /exchange tube. Allow té flow Thyough at’

rate of 20—30 drops per minute. Elute;~

t‘honum with 50 ml of 8 M HC1 and discard
- this eluate. Elute uranium with 60 ml ,of 0 1
N HCL .. . y

" 6,7 After evaporatmg to dryness, addnng-'
HNO,, And evaporatlng again to eliminate -

the last traces of HCI, prepare the residue
for electrolysis by* dlssqlvm% in the electro-

lyte,lOmlonNNHCl Cs

6.8 Transfer to the electrolysm cell, an(l
! plate the uran1um onto the titanium dlsk us-
ing current of ],+0 1 amhpere, ’Electrolyze for
100 vhif. S
6.9 Introduce the dry sample on the_ti-
‘tanlum disk .into t& vacuum chamber, pump
“dgavn to 0.1 torr, arit-coufit the. alpha act1v1ty
he sample for 1,000 m1n uslng the em»rgy :
. range 3853 MeV. —x’ .
"+ 6.10-Printout the spectrum, with the x—y‘
| Dlotter and the typevyr;‘teg ’ ,

.. .
g . “ .
LA "

7.1 Identify the uranium isotopes present
on the basis offfhe x-¥ plot, using the data
from the typed readout establlsh the count
under the prlnglpal alpha energy- peak for

7. Calculatlons

"each 1sotope by summing the counts and sub- -

tractmg the blank! Since. background for the
. samples and- the blanWis the same when nor-
R . . . N .- L ! B

S L. e
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\}'here . ,

- Edv&

‘..95

.malized, to the same countlng time, thls also

.

corrects for background K .

The 1sotop1c ratio is: -_ S “v L
[}~234 C-234 N i’ -
'i?-zss CEB ‘A

' (}.234, counts under the 4763 MeV

L . peak,corrected for blank, and

i C—-238 counts under the  4.195 MeV.
h : . peal(wcorrected for blank.

7 2 Determine oncentr ion_
urannum isotope; 1f desired, applying the
1sotope ‘ratio_ to the concgntration of total .
uran1um as determined by ﬁuorescence meth-
od R-1180-76 or R- 1181—76 :

A

t

8. Report -

Report act1v1ty ratlos less than one to'two
slgnnﬁcan‘b figures. Report activity ratios
" greafer thar one tp thrée significant figures.

o

~

i .
. ~

9. Precisiod_ S

There are .1nsufﬁc1ent'data to establish a
rrellable e\cperlmental standa.rd deviation.
Standard devidtion based on countlng'statls-
‘tics may becalcujated using the following:
(C—234)+B+1 (C-238) +B+#1
( (C-—234) —B)- ( (C—238) —;B)'f'
where~ :

B expernmentally determmed blank
" Derivation 6f the equation:may be f6u,nd 1n
Edwards (1968). .

A

ER

g=

Réference < -

K. W 1968 - Isotopic - ana.lysxs\?i uranium
in natural waters by alpha ) ectrometry U.S.
Geol. Survey Water-Supply Paper 1696—F‘ 26 p..
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