


NEUTRON ACTIVATION. ANALYSIS OF AIR

FILTER SAMPLES - THE DETECTION OF ARSENIC

E. R. Samuels and J. M. Quinn

Radiation Protection Division




CONTENTS

INTRODUCTION 1

EXPERIMENTAL 2

RESULTS AND DISCUSSION 3

ACKNOWLEDGEMENTS 6

REFERENCES 6

TABLE . 8

FIGURES . S S 9-121



RN T e T g s S e

ABSTRACT

Neutron .activation analysis techniques have been used
to analyze air filter samples for trace elements of public health
interest. Sanples coilected fraom 24'statioﬁs across Canada are
irradiated in a ﬁucléar reactor at a ﬁhermal neutron-fiux of ‘about : -
1.5 x 1013 n/éﬁzlsec fﬁr 7é-hoursf The irradiated samples are .
analyzed by direct gamma-ray specirometry using a Ge (Li) detector
and a 1600 chanﬁel pulse height analyzer. Several elements have been
detected but ;he'present report déals only with the presence of arsenic.
Relatively high levels ;f this element wére found in the air filter
samples from Yellowknife. Concentrations up to 0.04 ug/m3 of air

were estimated. Relevant sections of the spectra are presented and the

implicaﬁions discussed.




NEUTRON ACTIVATION ANALYSIS OF AIR FILTER SAMPLES -

THE DETECTION OF ARSENIC

INTRODUCTION

The lncreasing incidence of atmospheric pollution has been
a cause of great concern within recent years, with attention being
directed primarily towards gaseous pollutants and various pesticides.
However, little consideration has been given to the presence of trace
elements which are being introduced continuously into thé atmosphere
through industrial and other pursuits. Some of these trace elements
are highly toxic or are otherw;se of public health interest, and in-
formation on their presence an& concentrations in the air around pop-
ulated areas should conttibute to a beftér assessment of the possible
health hazards associated with the problem of air pollution.

Because of the low levels at which many elements occur
in the atmosphere, they cannot be detected by most coaventional
analytical methods. They can be readily determined, however, by the
highly sensitive method of neutron activation analysis which allows
the quantitative detefmination of several elements down to the parts
per billion range.

Trace elements in the air can be conveniently collected

on‘suitahle,type-fi;ters.‘ By i;:a@igting' mall portions Qf these air

activated samples by gamma- spectron veral of tﬁe,coﬁstituﬁnt

eleﬁenté;qdﬁ’be measured simultan 1§, - Pertinent details of such a.




The method has been used in some countries (2,3,4) to
study the concentraticns of stable elements in the air around large
cities and industrial sites. The technique is now being employed by
our laboratory to determine trace elements of public health interest
in air filter samples collected at several centres across Canada.
Several elements have so far been identified in these samples and de~
tailed results will be published shortly.

The present report deals only with the detection.of

arsenic in the samples measured.

EXPERIMENTAL

The samples were collected daily from 24 stations across
the country (Fig. 1) under the Division's alr monitoring program (5).
After the samples were measured for radioactivity, a 1} inch diameter
circle is taken frow each of the 2 inch discs counted. Since the total
volume of air sampled over a 24-hour period was foﬁnd to be 900 ma, the
size of sample taken for irradiation represeﬁts a volume of 126 m3 of

air sampled. The 1} inch sample is wrapped in aluminum foil, placed in

an aluminum capsule and sent for irradiation in the McMaster nuclear

reactor. Irradiation is carried out in a fhermal neutron f£lux of about

1.5 x 101% n/cn’/sec for 72 hours.

After a suitable cooling period of
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counting. Counting was done in a 17.6 cm3 Ge (Li) detector (resolution

3.2 kev per channel for the 1,33 Mev 0060

Y-~ray) with a 1600 channel
Victoreen pulse height analyzer.

The samples were counted immediately on arrival at the
laboratory for short times (usually less than five minutes) to obtain
an idea of the level of the induced activities and to ensure detection
of the shorter-lived products. All the samples are then recounted for
longer periods to permit better identification of the constituent elements.
Recounting is again petfbrmed aftér a few weeké delay when the shorter-
lived components would have all decayed and the longer-lived isotopes
would have become more evldent. ’

The data were printed out using é Model 32 Teletype printer

and the spectra recorded by means of an Omnigraphic point plotter.

RESULTS AND DISCUSSION

The glass fiber filter used for collection of the samples
contain several elemental impurities with high -thermal neutron cross
sections which contribute:substantially to backgrdund activity. Such

a filter is not suitable for thermal neutron activation analysis, since

ex Sy
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All the samples represented, excepting that in Fig. 12 which was

collected April 6-7, 1970, were collected February 27-28, 1970.

The data, with estimated arsenic concentrations, are summarized in
Table I,

The spectrum of the blank filter is shown in Figure 2,
Figures 3 and 4 represent the gross spectra of a Yellowknife sample
two days and nine days respectively after irradiation. The net
spectra two and four days after irradiation are shown iﬁ Figures 5
and-6, respectively. TFigures 7-11 3i§e the spectra of Resolute,

Coral Harbor, Vancouver, Ottawa, and Halifax, Tespectively,

It is clearly evident that Yellowknife is the only
station with a relatively high concentration of arsenic. The arsenic-
76 peaks at 0.559 Mev and 0.657 Mev are quite prominent,with the former
being the dominant peak in the spectrum. This is eveu moress when 1£
is considered that arsenic-76 has a half-life of,25;5_hours and would
have decayed thfaugh app:okimaﬁély Ewﬁ:h#lf;lives‘at thé timevéf the
first measurement. The otper major constit@ent b;dminé—BZ, has a half-
life of 35.7 hours, which is about-onél#;d oné?héif?that‘of arsenic-76.

Bromine is thé-ws;n éleﬁent observed in the.samples from
the other stations over fﬁé“Eélévﬁhilpbrﬁiéﬁibf}:hé'éﬁééfruﬁ.A'No‘arsenié

is indicated in the samples frpmvcdral Harb§¢’;andvﬂalifaxg“but'tfaces
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presence of arsenic in this sample is more strikingly demonstrated than
in the previous sample (Figures 3-6). Although the spectrum was taken
elght days after irradiation, the less intense axsenic-76 peaks at

1.216 Mev and 1.229 Mev are quite obvious, in addition to the peaks at
0.559 Mev and 0.6537 Mev. This implies that arsenic was present origimally
at a relatively high conceatration. It also strongly suggests that
arsenic is a normal constituent of the air at Yellowknife and that it is
present in easily measurable concentratioms.

These initial measurements ware 21l made om a qualitative
basis in order to determine the optimum conditions for the detection of
the trace elements which might be present and hence the procedure which
should be followed for their quantitative estimation. Since detection
was of primary interest, the samples were measured under varying geo-
metries and wichout appropriate standard sources. However, from previous
calibrations with pure arsenic trioxide solutioms, the arseunic contents of
the 24-hr. 7ellowknife samples were estimated to be about 4 ug for the
February sample and 32 pug for the sample collected in April. These values
correspond tc arsenic concentrations of 0.005 ug/n3 and 0,04 ug/m3,'res—
pectively. It should be elphaaized that ne correction has been made for
the contribution of other inotopes to thc arsanic peaks nor were standards

irradiated at thc same-tian -nd undet th

nditions'as the samples. .

40 hour veek. ‘The . li-it £

ambicnt tir 1l”
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Yellowknife might then be significant from a public health standpoint.
It 1s quite clear, that oan a comparative bagis the arsenic

concentration at Yellowknife is the highest of all stations measured.

If this element is present in the air at suchk levels, it seems justified

to conclude that it could be present in other environmental materials

as well as in humans in higher-than-normal concentrations., It is

suggested therefore that these preliminary‘yesults Eorﬁ the basis for

an investigation'of the geheral levels of arsenic aronnd Yellowknife.
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TAELE I

ARSENIC IN AIR FILTER SAMPLES

Sampling ‘ ';coliection Estimated As
 Station ‘ . -‘Date’ . . _‘Ccncn_(ug/m3)_

Yellowknife | Feb. 27-28, 1970 |  0.005

"o Capril’6-7, 1970 . | 0.04

Resolute

Coral Harbor

Vancouver.

‘Ottawa
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spectrum of Glass Fiber Filter two days after irradiation
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Ge (L1i) spactrum of air filter sample from Yellowknife two days after irradiation.
Sample collected Feb. 27-28, 1970.
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Ge (L1) spectrum of air filter sample from Yellowk
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nife nine days after irradiation.
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620 660
Energy (kev) 3
spectrum (background subtracted) of air filter sample from Yellowknife two days after irradjationf
Sauwple collected Feb. 27-28, 1970. 8
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Fig. 6. pegtrun (background subtracted) of air filter sample from Yellowknife four days after
Sample collected Feb, 27-28. 1970.
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620 660 700
_ Energy (kev) :
Ge (Li) spectrum of air filter sample from Resclute two days after irradiation.
s Sample collected Peb. 27-28, 1970
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Energy (kev)
spectrum of alr filter sample from Coral Harbor two days after irradiation
Sample collected Feb. 13-14, 1970.
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620 - 660 700
Energy (kev)

Ge (Li) spectrum of air filter sample from Vancouver two days after irradiation
Sample collected Feb. 27-28, 1970
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B 620 660 700 ¢
" Energy (kev) g
Ge (Li) spectrum of air filter sample from Ottawa two days after frradiation. §

Snmple collected Feb. 27-28. 1970.
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