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SUMMARY

An electron-capture detector which utilizes promethium-147 as the fonization
sotiree has been studied for its use in pesticide analysis, A method has been found to
clectroplate promethitm-r47 on gold foils which can be heated to oo’ without
apreciable loss of activity, The properties of the foil ws an jonization source are coms-
parible to those of nickel-63, The detector has been used to analyze pesticides in
iueous medin in the range o1 100 pop bt

INTRODUCTION

Electron-capture detectors require for high-temperature gas chromatography
istable ionization source which will not volatilize under normal operating conditions,
At present, the only source available which is used extensively is S9N Ingthis work,
PEPm was considered as an alternative source and a technique was developed which
permits its electrodeposition on to gold or platinum Toils, Y7Pm has the advantage of
lower cost, since the cost of o to-mCi foil is one-sixth that of o comparable "N foill,
Severial foils were studicd at temperatures up to goo “without any appreciable loss of
radionctive material being observed, A detector was constructed for this source and
nsed extensively for the analvsis of pesticide residuces in water at the level of oo1-roo
p.pcbe The detector was used in either the doecor the pualse-voltage mode of operation
and was found to possess the characteristic properties of clectron-capture detectors=4,

FENPERIMENTAL

The chromatograph used wias o Hewlett-Packard 5750 provided with (lame
ionization and tritium detectors, The promethinm detector was mounted in the posi-
tion normally occupicd by the tritium detector, Three glass columns, 6 ft. long, 6 mm

I'hiroughout the paper the British (10" bhillion is mceant.
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O.Dand 2 mm LD, were used, They were packed with 32, Dow-Corning 200, 39,
NIE-00, ancd 32, OV-1 on Chromosorh W AW, HMDCS, having a mesh size of So -100.

Nitrogen and i g misture of argon and methane were used as carrier gases in
the dies maode and pulsed mode ol operation, respectively. The carrier giases were
purificd by passage through o molecular sieve (5 A) which was regenerated every
3o days The electronic apparatus was composed of an EH model 132\ pulse genera-
torand the pulses were measured using 4 180 A Flewlett-Packard 50 MFz oscilloseope,
The current wis measured with a Keithley 417K electrometer provided with a stable
current-suppression generator, The decreases in base current were recorded with a
Hewlett-Packard model 71oold strip-chart recorder capable of aceepting due, signals
from 1 mV to roo Vo The recorder was litted with a dise integrator,

Pesticide residues analyses were performed  utilizing standard  technigquess,
Identitication of sample components was carricd out by comparing the retention
times with known standards in three different columns, Standard solutions were
prepared  from pesticides obtained from the Polyscience Corporation (nanograde
standards) and the U.S Federal Drug Administration,

Detector constriuction

The detector housing consisted ol two stiainless-stécl sections and a high-voltage
931-U connector mounted in o massive aluminitm heating hloek provided with «
thermocouple for detector temperature measurements and a 1oo-W cartridge heitter,
The detector and aluminium bloek were fitted in a metal box packed with glass wool,
The negatively pulsed and due, potentials were applicd to the body of the detector,
which required that the detector be clectrically isolated from the chromatograph,
This was achieved by using 2 cm tong, 178 in, O.D. glass tubing as a transfer line be-
tween the column exit and the detector entrance. All necessary tubing connections
weoere minimized in size so as to obtadn a minimum of dead volume, The detailed con-
struction of the detector is shown in Fig, 1,

I'oil preparation

The ionization foil consists of 8 mCi of "7Pm deposited ona gold foil measuring
21 - 33 mm. The electrodeposition method emploved in the present work is hased on
the results first reported by Parkker axp Fank®, and later applied to the rave-carth
clementst,

An S-mCi solution of YPm in 0.5 N O was aobtained from the New England
Nuclear Co., having o specitie activity of 0. Ci/mg and o total solids content of Jess
than 1 mg. Following conversion to the nitrate form, 50 pg of arianimm nitrate were
acdded and the entire solution was evaporated to dreyvness<, The promethium - aranium
residue was dissolved in 1oo gl ol distilled wiater and added to 15 ml of isopropanol.
For the purpose of the deposition, an clectrodeposition cell of the type shown in Fig, 2
was used, consisting of o self=scealing Teflon barrel and o brass cathode block, A
rotating platinum anode should he nsed and o cathode anode distance of 3o nan
miaintained. An applicd potential of Joo Voat ro-1.5 mA for a period of 0o min s
sufficient to ensure quantitative deposition, Tt is important that the eleetrodeposition
current. should not exceed the above viadue as this would result in o non-acdhesive,
powdery deposit owing to excessive gos evolution at the cathode (foil surface). The
uranium nitrate was used as oo carrier for the promcethitnn, ensuring quantitative
deposition,
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RESUITS AND DISCUSSION

The utilization of '¥Poeas an ionization source has been previously sugoestod
by LoveLock™ Tewas also considered as an aceeptable radiation source hy SHosMs ke
of ol S0 TTowever, P and K swere never used because of technical difticultios
cncountered in the preparation of these isotopes as a souree adaptable to o detector
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cell design, M7Pm is otherwise o logical chojce sinee it is considerably cheaper than
SN has o higher specitic activity and is the isotope having the next higher g~ energy
after NI Moreover, "Pm o can be considered as essentially o A7 emitting isotope of
0.223 MeV o sinee its gamma emission of o.121 MeV oceurs with only o o.004 0, abun-
dance®. The S-mCi source placed in the detector housing showed no measurable ex-
posure (< 0.01 m rem'h) at the surface of the detector when emploving a standard
racdintion monitoring instrument, This is in agreement with backscattering studies
performed in this laboratory using a 10-mCi source of Y7 Pm and aluminium foils
having a thickness of 1o mg/em® The half-life of Y7Pm s 2.06 vears, Thus the foil will
probably need replacement in about 3 vears, However, in electron-capture detectors,
the rate at which the current decreases as i result of sample and column contiunina-
tion is muech larger than the rate at which current decrceases as a result of decay, The
relative Tow cost of the "7Pm foil permits replacement of the foil at z-vear intervals,

The foil was installed in the detector, and current and noise measurements were
carried out using d.eo and pulsed potentials with nitrogen, and the g1 misture of
argon and methane, The potential was selected so that in the does mode the detector
would operate in the recombination region of the current--potential curve and in the
siaturation region for pulsed potential operation'. A comparison with previously
reported results is shown in Table T The measurements for #H, N and Y7 Pm were
made under gas-chromatographic conditions, that is by utilizing o well conditioned
column (39, OV-1) at 190" and with the detectors operated at 2207, 2557 and 23507,
respectively, Tt can be observed that the H7Pm detector has o favourable signal-to-
noise ratio in both the pulsed and d.eo mode when compared with other detector
sources, This is an important consideration since the minimum detectable coneen-
tration is directly proportional to the noise and inversely proportional to the bick-
ground current. Thus this ratio must be optimized, although it is not the only eriterion.
The minimum detectable concentration is also a function of the electronic absorption
coetlicient,

TANLE !
CHARACTERISTICS OF RADIATION SOURCES FOR ELECTRON-CAFTURE DETECTORS

Soutree cAetivity Maxinnms Carvier Operational cireent () SNignal-to-noiset ratio
(i) aperating Las . -
temperatnre 1.0, I'ulsed 1.e, ulsed
( ) potential potential podeatial hetential
# 250 125 Ar-rot CrLy e 1.3 0 1to-® i 0.5 0 1oi
N S5 330 N, 1.3 =10 % P o
"W 0.3 300 Are30,CH, 2o o Wosr o 1 2 e o [IRTIRCONTIL:
20 0,035 5010 Ar- 52,CH, Lol =0t Y So o 1o ? 3.2 ol 36 ol
HMAm 1o 500 Ar 50, CH ) 3.0 o™ So tor o zig s o g e ot
WP 8 JOO Areto CH o d.2 ot . 1.7 3 tod
N, 2.8 1o ¥ - 2.0 e 1ol
i

Maximum temperature for safe operation of the joniziation souree,

Mueasurements made with a band pass of o to 1 evele per second,

* Measurements mde with an instrument designed for ase with pulsed potentinl only,
Mueasurements made with an instrument designed for use with Lo potential only,
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Temperature cffeets

After preparation, the source was placed in a seided container which had en-
trance and exit tubes, The container was placed in the heating block which was heated
to goo” ina mutfle furnace. The source was continuously tlushed with helivm which was
bubbled intoa g 0, sodium hydroxide solution, After one week, the solution was evap-
orated and counted in oo proportional counter. Absolute activity measurements
showed that the detector Tost less than 30 pCi per day.

The current -potential curves were measured at different temperatures under
pulsed and due. potential conditions so as to determine the optimal operational voltages
of the detector, This is an important consideration sinee these conditions determine
whether the detector operates, in the case of does potential, in the recombination
region of the current-potential curve, while in the case of pulsed potential the measure-
ments define the saturation region where the response of the detector is independent
of the applied potential, The current-potentinl curves are shown as i function of tem-
perature in Figs. 3 and 4 for the dues mode and the pulsed potential mode, respectively.
The use of o d.e, potential at 2oo” vields a saturation current of 3.8 < 1o X and an
operitional current in the recombination region of 2.8 0 1o AL similar study was
made with a pulsed potentinl, At 23507, a saturation current of 3.2 .0 107" A was
obtiained. This temperature was considered to be optimum since, after numerous in-
jeetions of pesticide residues, the current did not decrease appreciably for o period of
four months, Tt is interesting to notice the shape of the current - potential curves as
the temperature is increased. Tnall instances, a reduction of current is observed as the
temperature is increased, When applying a d.eo potential, the current -potential curve
is =hifted to a lower potential bhut o new saturation current value is obtained. This
phenomenon is contrary to the results obtained by DEvars ann GurocnoN® who used
d.c. conditions and observed the shift of the current-potential curve to o lower
potential, and it was also observed that the saturation current value was independent
of temperature. It is possible that at the higher temperature, the fraction of electron
recombination is larger and thus causes o decrease in current, At present, further
experiments are being carried out to determine the reasons for this effect, Tt is interest-
ing to note that the reduction of the background current as the temperature inereases

GO

"__—__..f\——-—‘_‘\_--———(h—

0-9

DETECTOR CURREMT, amps*

o« 28°
* 200°
S SR TR SO TSRNURORN UUREDY SRRV SUURRIEE TP RN
[o] 20 4+ 40 60 80 100

POTENTIALVOLTS

Fig. 3. Current-potential curve obtained at 25 amd oo’ with the application of e, potential,
Carrier gas, nitrogen: How rite, 35 mil/ming column, 3, OV,

S Chronralogr,, 62 (1a71) 53-01



55

Jo N LUBKKOWIEEZ, WL €0 PARRKER

has ad=o been observed Dy ScorNtek™The current obtained at these temperatures wis

found to e .\‘:\li.\'f:n'lul“\‘ {one ulu-l'ntinll and the S-miC source wirts considered to e

adequante for operation.,
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Pecanse it is important to verify that the detector aperates as an electronecap-

e detector, o stidy wis nade ol the current potentinl curves for different tin
L he

peviods ranging from oo tao 150 gsce and ot oo constant pulse widthe of 1oprse
thed indlicate that the currentis proportional to the nurnbe

resttht= are shown in Fig, 5

of pulses per second applicd. The courrent is thus inverselv proportional to the period,

As the pulse [lt'l'in(l is increased, an t't|lli|“>l'illlll i< establishiod hotween the electrons

procduced by jonization and the clectrons or negative ions which recombine in the <ame

times Under equilibrium conditions, the number of electrons collected by eacle palseis

the simes Sinee it is desivable to operate under equilibrinm conditions, this pnise
5 by plotting, at o

period for cquilibrinm conditions can be detevmined Trom Fig,
selected potential, the carrent oso the reciprocal of the pulse period, N some vidoe of

the reciprocal of the period, which ocenrs for small periods, the current is no donger
inversely proportional to the period and electron production is no longer an equilib-
rivm process, For the detector studicd, a vidue of 200 gsee was obtained from g, s,
This value is o good compromise hetween the equilibrinm condition sad the value of

the base current, As there can be no doubt that the detector has the same chnracteris-
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tics as other conventional electron-capture detectors, it was emploved for the study of
pesticide residues in aqueous media,

Utilization of the detector for pesticide residie analvsis

In order to utilize this detector for pesticide analysis, it was st necessary to
measure the linear dynamic range for those components present in the sample. For
compounds such as lindane, aldrin, dicldrin, endosultan and DT, amounts hetween
So and 1300 pgowere injected, Tnall cases, the detector responded Tinearly and this
prermitted the analysis of saimples containing 1 pop.bof these pesticides,

TABL 1T

ANALYSIS OF ASYNTHETIC AQUEOUS PESTICHDE MINTURE UTHLIZING THE PROMETHIUM- 147 BLECTRON-
CAPTURE DIICTECTOR

Connpoarent Aualvtical Analvied Becopery
concentration cevteentralion (")
(p.pb) (popb)
Findosulfan 2.0 2.7 1oy
yieldrin 2.0 2.1 N
i 203 202 s
Abdrin 2.5 2.5 Lo
Litndaone 4.8 2.3 N
Heptachlor 0.8 0,0 3
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Oncee this range had been established, the sample extracts, prior to injection,
were diluted so that the detector response would fall within the required range.
Standards were injected immediately after the sample and at concentrations that
waould vield a response equal to the component in the sample. To ensure that the entire
analysis was correct, aqueous synthetic saomples were prepared with the pesticides to
bhe analyzed. A comparison of the results obtained with the analvtical concentrations,
at levels between o8 and 2.8 popb are shown in Table 11 The results show goodd
agreement and the recovery wias in the range 75-103 9. A\ tvpical chromatogrioam
obtained with an aqueons sample is shown in Fig, 6. This detector is presently being
used routinely in the analyvsis of pesticides in different media.
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