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ABSTRACT

Neutron Activation Analysis has been applied for the trace elements analysis in

environmental samples. Thirty thiree samples of airborne particulate were collected every

week at Ongkharak Nuclear Research Center (ONRC) during the period of June 1998 to

March 1999. The Ti, , Mg, Na, V, K, Cl, Al, Mn, Ca, As, Sm, Sb, Br, La, C, Th,

Cr, Cs, Sc, Rb, Fe, Zn and Co were analyzed by Neutron Activation Analysis utilizing,

2 MW TRIGA MARK III research reactor. The centified reference materials 1632a and 1633a

from National Bureau of Standard were select as standard.

I INTRODUCTION

The present location of the OAEP is about 8 km. from Bangkok International Air port.

Over the past decade, Thailand has been deemed as the center of the international air

communication in Asia and the Pacific region causing crowded in air traffic. The number of

air flight at the air port increase rapidly causing the present location of reactor unsuitable due

to the possible air crashes. In addition, the limited office area causes difficulty in expanding

the projected researches and studies. Upon the Cabinet's resolution on December 27, 1989.

The Ministry of Science, Technology and Environment has been assigned to immediately

consider the new.N Suitable and safe location for establihing, the reactor of OAEP.

The OAEP started to look for the new place of reactor. Finally the site at Nakhon

Nayok province has been selected following the IAEA guidelines incorporated in IAEA-
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TECDOC 403. The Ongkharak Nuclear Research Center (ONRC) located at Saimoon sub-

district, Ongkharak District, Nakhon Nayok province, about 60 km. northeast of Bangkok.

The project area is about 0.5 square kilometers and comprises a research complex (or

technical areas) and a supporting area consisting of site access and landscaping.

The Environmental Impact Study of the ONRC site was performed by Environmental

section, Chemistry Division in OAEP before the construction of the project , to ensure the

safe of people living surround the site. This study has been undertaken to determnine the

baseline concentration of elements in the atmosphere aerosols by collecting thirty three

samples of airbone particulates surrounding the site every week during the period of June

1998 to March 1999. The samples less than 10 micron were analyzed by Neutron Activation

Analysis utilizing the TRR-II, 2 MW TRIGA MARK III research reactor.

2. ENVIRONMENTAL STUDY

The chemical composition of environmental systems is of crucial importance and a

challenge to all who are interested in the development and application of nuclear analytical

techniques. Neutron Activation Analysis (NAA) is a very powerful technique for the non-

destructive multi-elemental determination of many trace elements in aerosols both in the

natural environment and the occupational workplace. Due to the differences in nuclear

properties of the stable isotopes, sensitivities and hence analytical detection limits varies from

element to element with large fluctuations. For instance, elements such as aluminum, arsenic,

antimony, indium, manganese, selenium, sodium, vanadium, halides and many rare-earths are

easily detected bv neutron activation methods with very good precision. On the other hand,

elements such as cadmium, sulphur and lead are difficult or impossible to determine non-

destructively in airborne particulate matter. Typically, 30-40 trace elemental constituents can

be determined in aerosol samples containing very small amounts (less than milligram) of

material. Because neutron activation methods are multi-elemental, an enormous amount of

information can be gathered from a relatively small number of analyzed samples. The results

can be used to undertake background monitoring, conduct epidemiological studies.

investigate source apportionment methodologies and source-receptor models, study long-

range transport phenomena, and establish a more cost-effective plan to control air pollution.
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3. AIR SAMPLERS

The most widely used airbone particle samples is the high volume sampler. The

particles are collected in the sampler on membrane filters. Currently, the most commonly

used are Teflon (PTFE) filters. In the past, polycarbonate nuclepore and cellulose acetate

filters were employed. All of these membrane filters provide samples that are well suited for

automated mass measurem ent using beta gauge techniques and for elemental analysis using

ED-XRF and/or NAA. However, the flow rates in these samplers are limited by the ability

of membrane filters to pass air and by their tendency to clog as the particles accumulate.

Automated dichotomous samplers are available that change filters when the pressure drop

across them exceeds a preset limit. However, it has been shown from considerable field

experience that there are many difficulties with the dichotomous sampler. It was designed as

a research tool and requires skilled operator interaction for routine monitoring.

4. FILTERS

Another important consideration in obtaining useful sample is the material on which

it is collected. The filter should be retentive of particles but permit ready air flow through it.

It should provide the sample in a manner that makes it easy to quantify both the total mass of

collected material and the chemical composition of the sample. Although these conditions

seem straight forward, there are several inherent and unresolvable conflicts in these

requirements. For trace elemental analysis studies, it is more common to collect the sample

on pore-type filters (membrane filters) that provide samples better suited for INAA, ED-XRF

of microscopic analysis The filters commonly used for particle sampling nclude

polycarbonate (e.g. nuclepore) and polytetrafluoroethylene (PTFE), the latter is commonly

known as TEFLON and filters made of this material are nowv produced by several

manufacturers.

5. EXPERIMENTAL

5.1 Sample Collection and Preparation

Air bone particulates wvere collected using an air sampler (Partisol, Model 2000.

U.S.A.) to draw a known volume of air through a 2 um teflon filter. The sampler was

operated at the flow rate of 16 pm. for 24 hours duration. Thirty three samples of airbone
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particulates were collected once a week during June 1998 to March 1999. Each filter was

folded and placed in a cleaned polyethylene vial for irradiation.

5.2 Irradiation and Counting

The samples and centified reference material were placed in a suitable container and

irradiated in the IRIGA MARKIII research reactor. For determination of short-lived elements,

the samples were irradiated in a pneumatic system for 50 seconds at thermal neutron flux of

0.9XI1 3 n.CM2 .sec- . After two weeks, the samples were irradiated again for 10 hours in

Lazy Susan facility at thermal neutron flux of 3.lIXI01 2 n. cm 2.sec-1 for determination of the

medium-lived elements and long-lived elements. After suitable cooling time(see table 1), the

irradiated samples were transferred to polyethylene capsules for counting with hyperpure

germanium detector and germanium-lithium detector.(Canberra industries, Inc., U.S.A)

6. RESULT AND DISCUSSION

Instrumental Neutron Activation Analysis (NAA) is used because of its sensitivity for

multi-elemental non-destructive analysis. Table 2 shows the average concentration of trace

elements collected from Ongkharak Nuclear Research Center. Twenty-four elements were

determined by INAA, the standard deviation wvere vary from 0.0027 to 9.76, However these

numbers are baseline concentration of several elements to ensure the safe operation of the

ONRC and of eople living surround the site. The result of this study will be very useful to

use as reference in the future after the competition of ONRC in operation.
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Table Conditions for INAA.

Radionuclides Irradiation Times Cooling Times Counting Times Facilities

Short-Lived 50 sec 5 min 200 sec Pneumatic

Medium-Lived 10 hr 5 d 2000 sec Lazy -Susan

Long-Lived 10 hr 14 d 4000 sec Lazy-Susan
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Table 2 Trace elements concentration in cu.m in air samples.

Element Maximum Minimum Average Standard deviation

Al(j±g) 5.94 0.2428 1.74 1.36

Ca(pg) 6.60 0 1.95 1.30

C1(ni) 0.7990 0.0034 0.1715 0.2020

I141g) 0.0141 0.0011 0.00460 0032

K(g.g) 3.18 0 0.7685 .1.01

Wmg.i) 0.02531 0.0108 0.0802 0.0590

Mn(jig) 0.1165 0.0063 0.0275 0.0216

Na(gg) 1.62 0.0986 0.5646 0.3960

Tig) 0.2403 0 0.0742 0.0601

V(jni) 0.0116 0.0014 0.0059 0.0027

Zn(jpig) 0.2509 0.0172 0.0828 0.0567

Fe(g~g) 2.66 0.1059 0.7962 0.6263

Br(ng) 35.77 0.4202 8.28 9.76

Co(ng) 0.6585 0 0.2635 0.1545

As(ngy) 17.28 0.3505 4.76 4.86

La(ng) 3.17 0.0997 1.06 0.8309

Sb(ng) 13.97 0.4133 3.48 3.65

SMn(ng) 0.5256 0.0169 0.1424 0.1163

Ce(ng) 4.73 . 0 1.55 1.22

Cr(ng) 5.71 0 2.14 1.56

Cs(ng) 0.9 163 0 0.2902 0.2530

Rb(ng) 9.38 0 2.92 3.55

Sc(ng) 0.8311 0.03 40 0.2518 0.1991

Th(ng) 0.9393 0 0.2503 0.2310
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