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ABSTRACT

Arsenic content in contaminated soil samples from Ampur Ronpiboon,

Nakornsrithammarat province was studied nondestructively by instrumental neutron activation

analysis (INAA) with thermal and epithermal neutrons was in the range of 115 - 2450 ppm. The

reproducibility of the results obtained from both techniques was better than 90%.
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Introduction

An arsenic contamination episode in Ronpibul district has been known for many years.

Primary and placer tin-tungsten-arsenic deposits have been mined in Ronpibul district for almost

100 years. Arsenic species are scattered by acid during the process of ore dressing activity

throughout the mining concession and these have increased the load of arsenic-rich in the

environment. Arsenic in uncontaminated soil is present in concentrations from 0.2 to 40 ppb, with

an average content of about 5-ppb [1] but the concentration of arsenic in Ronpibul district soils

were found in the range from 8.17 to 376 ppm [2].

In the past, a number of methods have been developed to determine arsenic content and

accumulation effects in environment. Various analytical techniques commonly used are based on

hydride generation coupled with atomic absorption spectroscopy (AAS) or inductive coupled

plasma-atomic emission spectroscopy (ICP-AES). However, these methods were often complex,

lengthy, and/or expensive.

In this work, instrumental neutron activation analysis (INAA) was applied to determine

arsenic content in soil. The analytical technique of instrumental neutron activation analysis

(INAA) primarily depends on the measurement of y rays from the decay of radioactive isotopes

induced by irradiating sample with neutron. Each activated element emits a 'fingerprint' of y

radiation that can be quantitatively measured with high precision and accuracy. In particular,

INAA is used as a normalized technique, which is world wide accepted as the most accurate way

to quantify elemental concentrations. Samples are usually irradiated simultaneously with

standards containing known amount of elements. After irradiation, the samples and standards are

measured under identical geometrical conditions with the same detector. The amount of a given

element in a sample is then computed from the ratio of the peak area(s) in the samples to the areas

of the corresponding peak(s) in the comparator standard spectrum for that element [3].

The aim of this study was to determine the arsenic content in soil samples by INAA

which is quicker, simpler, higher accuracy than current method and to monitor the stage of arsenic

contamination episode in Ronpibul district.
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Problem description

The activation analysis of arsenic in soil is difficult because the arsenic photopeaks are

usually masked by the sodium-24 Compton continuum because of high sodium matrix activity,

and there is a neutron flux gradient in the vertical direction of a TRIGA type reactor.

In this work, sodium matrix was resolved by varying irradiation times and decay times.

Epithermal neutron was used to reduce the sodium-24 Compton continuum. The neutron flux

gradient was resolved by normalized flux with sample position in the rabbit.

Experimental

Nuclear Reactor Facility

The renewed Triga Mark III nuclear research reactor (TRR-l/Ml) is being operated by the

Office of Atomic Energy for Peace (OAEP), Bangkok, Thailand. At the irradiation position,

thermal neutron fluxes 8.7x10 n cm s and an epithermal neutron flux 1.0x10 n cm s was

available to use.

Y Spectroscopy

The system consisted of a Tennelec coaxial type HPGE detector (22% relative

efficiency, FWHM of 1.64 keV at the 1.3 MeV peak of Co) and relevant electronic. Recorded

spectra were evaluated with the program Assayer from the software package OxfordWin of 16K

MCA 8192 channel.

Sample material

About 10 kg of five natural agricultural soil samples were collected from both

unpollutant, non-residential areas and presumably polluted mining industrial areas in

Ronpibul district. The samples were dried in air, quatered, ground and powdered in an agate

mortar, pass through 325 mesh sieves and stored in polyethylene bags.
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Standard and Soil Preparation

Each of 5 candidates homogenized soils sample aliquots weighing about 350-400 mg

were placed in polyethylene vial and heat-sealed.

For standard, SRM-2710 (Motana soil) was rehomogenized by shaking for a few minutes

and aliquots of 100 mg of standard were prepared in a similar way with samples.

Quantitative analysis

Optimization condition (irradiated and cooling time)

Standard and sample soils No 5 were used to optimized condition. Optimum conditions

were determined by varying irradiated and cooling times in both a thermal neutron flux position

and an epithermal neutron flux position. The irradiated standard and sample were allowed to

decay for a predetermined time, transferred to clean counting container and then measured by

HPGE detector.

Validation method

5 standard vials and 5 copper wires (served as a flux monitor) were irradiated

simultaneously in a rabbit. The arsenic concentrations in SRM-2710 were determined by

irradiated for 30 min , 1 day for cooling, and 300s for counting and detected 559.1 keV the

photopeak of As by HPGE detector.

Quantitative analysis of soil samples

The samples were position in the rabbit with 5 vials; which is comprised of 3 samples

sandwich together with 2 standards. The rabbit was irradiated for 30 min in both thermal neutron

and epithermal neutron irradiated positions, cooled 1 day and counted of 559 keV the photopeak

of As for 300 sec.
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Result and Discussion

689

An example of gamma spectrum and results of the arsenic determination by NAA are

shown in Figure 1 and Table 1.

irradiated time 3(

coolingitime 1 d

counting time 3T>

tnln

Fig 1 Gamma spectrum of soil sample

Table 1 Arsenic concentration of soil samples (ppm)

Sample No

1

2

3

4

5

NAA (%SD)

TNAA

2450(1.31)

1806(2.61)

115(7.87)

283(1.96)

669(4.21)

ENAA

2405(2.26)

1735(6.64)

117(4.23)

283(7.04)

572(5.18)

Average

2427(1.92)

1771(4.97)

116(5.72)

283(4.62)

621(9.52)

For thermal neutron activation, suitable condition for determination of arsenic was 30 min for

irradiated times and 1 day for cooling time. The condition of times was chosen by minimizing the

number of time of irradiation, of decay and minimizing of interference as to maximize the ratio of

the signal to background for the arsenic photopeak of better than other conditions. And the

suitable condition for epithermal neutrons was 1 day for irradiated times and 1 day for cooling

time. In using epithermal neutrons, one can significantly reduce the contribution of the sodium

radionuclide to the background continuum since that has low IJCJ^ value.
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Neutron flux gradient was found in this experimental. The flux variations can cause serious biases

and lack of reproducibility in activation analysis if not corrected. In the experiment neutron

gradients in vertical rabbit axes have been found by the use of copper wire flux monitors. A plot

between the relative neutrons flux and distance from the bottom of the rabbit showed a linear

vertical drop-off in flux. The sandwich position between sample vials and standard vials could

normalize flux distribution. Figure 2 showed the correction flux distribution by normalized flux

with specific count of Cu and by sample position.
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Fig 2 Normalization of neutron flux contribution

A validation method found that the concentration of arsenic in SRM-2710 (motana soil) by this

method is 626±33 ppm while the certificate of arsenic in motana soil is 626±38 ppm. From the

result the method of this work was high accuracy, and the reproducibility of the results obtained

was better than 90%.

Conclusion

It was found that arsenic concentration in contaminated soil samples from Ampur Ronpibul,

Nakornsrithammarat province measured by instrumental neutron activation analysis (INAA) with
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thermal and epithermal neutrons was in the range of 115 - 2450 ppm. Arsenic concentration in

contaminated soil was very high, in comparison with its average abundance in normal soil[4].The

method proposed is simple, with good reproducibility and accuracy, allows the determination of

arsenic in soil matrices.
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