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Nuclear Activation Techniques in China

Chai Zhifang
Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physic

The Chinese Academy of Sciences, P.O.Box 918, Beijing 100049, China

The earliest activity of nuclear activation analytical technique in China can be traced back to the early
1950s. After the first nuclear reactor and low-energy cyclotron were built in 1958, the nuclear analysis in
China ha§ experienced a rapid growth period characterized by development of various nuclear analytical
methods and their extensive applications in multidisciplinary fields, especially in geological, biological,
material, forensic, environmental and archeological sciences.

Nowadays, there are about 10 research reactors and over 100 low-energy accelerators available in China
for various nuclear analytical activities. A new high neutron flux reactor called the Chinese Advanced
Research Reactor (CARR) will reach the full power by the end of 2007, which would provide the neutron
flux of 8x10"* n/cm?s.

Over 20 Chinese institutions are being involved in nuclear activation, in which Institute of High Energy
Physics, China Institute of Atomic Energy, Shanghai Institute of Applied Physics, China Institute of
Engineering Physics, Sichuan Polytechnic University, Shenzhen University, etc. are very active in this field.
A Chinese subcommittee for activation analysis was formed in the late 1970s, which is responsible for
organizing the national series conferences of activation analysis. Since 1978 eleven conferences have been
held with average 100 participants each.

Recently, the Chinese government has defined six national goals as a guideline of major research
direction, i.e. agriculture, human health, environment, energy and resources, materials, and information,
which are becoming a strong impetus to pursue the development of nuclear activation.

In this special issue, a review paper and other 4 original manuscripts are selected to briefly introduce the
latest achievements made by Chinese activation analysts. I would like to emphasize that such 5 papers, of
course, are incapable to fully demonstrate the whole trends of Chinese activation analysis. However, they
could open a window to Japanese colleagues to know somehow about the present status of activation

analysis in China.



Neutron Activation Analysis in China:

Present Status and Future Perspectives

Zhiyong Zhang' and Zhifang Chai"**
' Key Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, The Chinese Academy of
Sciences, Beijing 100049, China

2 Institute of Nuclear Technology, Shenzhen University, Shenzhen 518060, China

In this review, the recent developments and applications of neutron activation analysis (NAA) since the
year 2000 in China is presented, which will mainly include NAA methodology and its applications in
multidisciplinary research, e.g. geology, biology, environmental sciences, archaeological sciences, industry,
etc. Numerous advances in this field fully demonstrate that the neutron activation analysis is still active as so

ever and will continues to flourish in China.

Introduction

Seven decades have past since George von Hevesy first established neutron activation analysis in 1936
for elemental analysis. With the advent of nuclear reactors in the 1950s, neutron activation analysis came
into prominence. The earliest activities of NAA in China can be traced back to the early 1960s, shortly after
the first Chinese research reactor was built in 1958 1. Commercially available high resolution germanium
detectors in the 1960s revolutionized the satisfactory analysis of complex y spectra obtained from the
neutron-irradiated samples. Better computing hardware and software of the 1970s and 1980s made neutron
activation analysis well established and versatile for the trace element analysis of biological, geological,
environmental and other materials. Up to now, activation analysis research and applications have been

carried out in more than 20 institutions throughout China.

Methodological Research
Hardwares

Nowadays there are 10 research reactors available in the mainland China (one high flux reactor with

* Corresponding author



neutron flux of 1x10" n/cm?s, one heavy water reactor with 8x10" n/cm%/s, 4 swimming-pool type reactors
with 2x10"® n/cm?/s and 4 miniature neutron source reactors (MNSR) with 1x10™ n/cm®/s. It should be
mentioned that five MNSRs have been exported to foreign countries™™. A new high flux (8x10"* n/cm®/s )
reactor, the China Advanced Research Reactor (CARR), is being built at China Institute of Atomic Energy
(CIAE), which, hopefully, will be completed in 2007.

Small neutron generators using the deuterium (*H) - tritium (CH) reaction are the most common
accelerator-based (as opposed to isotopic) neutron sources. Neutrons are produced by bombardment of
accelerated deuterium ions on a tritium or deuterium target. Neutron generators possess the advantages in
comparison with isotope neutron sources. Sealed tube neutron generators can be easily turned off; in this way
no radiation exposure exists. They may be operated either as continuous or pulsed neutron sources. The
neutrons produced are monoenergetic (2.5 MeV or 14 MeV). The 14 MeV neutrons are sufficiently energetic
to excite (n, n’y) reactions for analysis of nitrogen and oxygen, which are particularly important in many
applications. Systems for analysis of cement raw meal and coal of low caloric power, and.explosives
detection based on neutron-induced prompt y ray analysis have been developed at Radiation Technology

Institute of Northeast Normal University?* %,

Softwares

An automatic data processing system for reactor NAA has been designed by A et al'"'"*!, The system has
functions of radionuclide identification, f and o calculation, K, value measurement, quantitative calculation
of elemental concentrations, nuﬁlide data management and experimental design, etc. The analytical methods
used in this system include absolute method, relative method and Ky-method. Ni et al." also established a
PC controlled automatic NAA system. The unique features include self-validation functions in peak analysis,
standardization, interference correction, choice of indicator/analytical line in software, automatic cycling of
sample transportation-counting-data acquisition and reduction for an unlimited number of samples, and
automatic ordering of the counted samples for the next round of counting in hardware. The combination of
well-validated QC procedure and automatic counting system yields a high throughput with no cost in
analytical quality.

Chemical procedures involved in NAA

Preconcentration and radiochemical separation. In preconcentration and radiochemical neutron
activation analysis of geological samples, attention has been focused on two element groups, the rare earth

elements (REEs) and the platinum group elements (PGEs). A set of simple and effective preconcentration



and radiochemical separation schemes has been established for their analysis

[15-17)

Molecular activation analysis (MAA). The MAA is a variety of activation analysis methods that is able

to provide the information on chemical species of elements of interest in a specimen of interest, although its

exact definition remains to be assigned“s]. The so-called MAA is, in fact, a combination of conventional

NAA with physical, chemical or biological separation procedures in order to meet the ever increasing need

for chemical species study. Recently, study of the chemical species of a number of trace elements in

biological, environmental and geological samples has been extensively performed by MAA at Institute of

High Energy Physics, the Chinese Academy of Sciences. A review of the methodology, merits and

limitations of MAA for chemical speciation study has been published"®. Selected publications on MAA are

listed in Table 1.

Table 1 Selected publications on MAA
Matrix Elements Separation Technique Reference
determined
Coal As Sequential extraction 20
Water As Extraction, co-precipitation, and ion exchange 21,22
chromatography
Rat liver As Differential centrifugation 23
Geological Au Sequential extraction 24
samples
Aerosol CL Br,and I Extraction 25
Pine needle  Cl, Br, and I extraction 26
Milk and Cl, Br,andI Extraction 27-30
yoghourt
Rat organs Cr Differential centrifugation and gel chromatography 31-33
Cr-yeast Cr Sequential extraction 34,35
Human liver multielement Differential centrifugation and gel chromatography 36-39
Marine algea multielement Sequential extraction 40
Aerosol multielement Sequential extraction 41
Cancer multiment Differential centrifugation 42
tissue
Rock PGEs Sequential extraction 43
Plant REEs Differential centrifugation and sequential extraction 44-49
Rat liver Sm and Yb Differential centrifugation 50

Certified reference materials and biological environmental specimen bank

Certified reference materials (CRMs) are an important tool in achieving measurement compatibility. One



of the possible approaches in producing such materials is to organize the worldwide interlaboratory
comparisons. NAA plays a very important and sometimes unique role in the homogeneity checking and
certification of CRMs. RNAA has been used for the determination of eight rare earth elements in two
biological Chinese CRMs"'!, These determinations are important for possible certification of the above
mentioned ultra-trace elements.

The first biological environmental specimen bank in China with international guidelines was established
in Key Laboratory of Nuclear Analytical Techniques (Beijing and Shanghai), the Chinese Academy of
Sciences®>*!. The retrospective analysis of specimens long-term stored in the biological environmental
specimen bank allows conclusions to be drawn as to the trend in and the current status of the pollution of

different ecosystems by "new" (harmful) substances.

Comparison of NAA with other analytical techniques

During the past three decades, various non-nuclear techniques for trace element determination have
emerged and they are widely being used, thereby strongly competing with NAA in respect to various
analytical characteristics. In particular inductively coupled plasma mass spectrometry (ICP-MS) has shown

to be a powerful technique for multi-element analysis. Several authors!®"*-¢

compared the advantages and
drawbacks of NAA and ICP-MS. Both methods have specific advantages that put them beyond competition
for certain applications. Although ICP-MS can replace NAA for many routine analyses, NAA remains

essential as a highly reliable and accurate reference method.

Applications of neutron activation analysis

Similar to the international development trends, NAA researches in China are also focused on

applications, especially in geological, life, and environmental sciences.

Geoscience

Geoscience is a traditional and important application area for NAA. Studies in PGEs contents in rock and
sea water samples have been reported 2. Dai et al.*"! established an analytical method for Ir in sea water
based on NAA and a-amino pyridine preconcentration. The detection limit is 10”°g/ml. There are numerous
publications on REE and other trace element concentrations in geological samples for studying the

geological structures, magma generation, and depositional environment. NAA was also employed to dating,



ore prospecting, and identification of diamond, gem, and jade.

Table 2 Application of activation analysis in geoscience

Sample Element determined Description Reference
Hydrothermal sediment Ag, Pb Enrichment mineralization 57
Rock Au ore prospecting 58,59
Rock Au Speciation analysis 24
Geological samples Co. Ir dating 60
Sea water Ir Chemical behavior 61
rock multielement geochemistry 62-75
diamond and jade multielement identification 76, 77
meteorolite multielement Composition analysis 78,79
Water body multielement geochemistry 80
Geo-gas multielement Ore forming 81, 82
Geological samples PGEs Distribution and 83-92
geochemistry
Boundary samples PGEs catastrophic environment 15, 16, 43
fossil REEs catastrophic environment 93
asphalt REE and other elements organic mineralization 94

Life sciences

The study of trace elements in life sciences has been developed from bulk composition analysis,
correlation between total contents or concentrations of one element and another, and corresponding
synergetic or antagonistic effect to speciation analysis. Applications of NAA in life sciences are also closely

involved in these topics. Selected publications of this area are summarized in Table 3.

Environmental science

Environmental science is one of the most popular applications of NAA. With the exception of lead,
almost all environmentally important heavy metals can be determined by NAA. NAA of air samples has been
in existence for more than three decades and it continues to be a popular method of choice. Air pollution
montoring in Beijing, Chengdu, Hongkong, Tangshan, Helan Mountain, and Wali in Qinghai Province have
been carried out. Studies on background values of multielements in water and soil, relations between trace
elements and endemic diseases, biomonitoring of air pollution, environmental changes and paleoenvironment,
soil erosion, and coal-burning pollution have been reported. A particularly interesting application in this area
is the separation of organic halogen compounds from inorganic forms and determination of the organic

fraction by NAA. Extractable organohalogens in moss, pine needle, aerosol, milk and yoghourt samples have



been evaluated.

Table 3 Application of activation analysis in life sciences

Sample Element determined Description Reference
Rat liver As Subcellular distribution 23
Cr-yeast Cr Chemical species 34, 35, 95,96
Rat organs Cr and other elements diabetes 31-34,97
teeth F concentration 98
egesta Fe Bioavailability 99, 100
thyroid gland 1 concentration 101
Rat thyroid gland I cretinesm 102
Marine algea I Chemical species 40
Human organs Na, CL, K, Ca, and P cancer 103, 104
egg Ir metablism 105
hair Multielement concentration 106
Rabbit brain Multielement cerebral iscbemia 107
Rabbit iliac crest Multielement osteoporosis 108, 109
Human liver multielement Corelation between elements 110
Rat brain and organs multielement Neutrotoxicity of Hg 111
Rat brain multielement Neutrotoxicity of La 112
Rat ilium multielement osteoporosis 113
Rat organs Rare earth elements distribution 50,114
plant Rare earth elements  Distribution and chemical species 44-49
Crop and fruit Rare earth elements Absorption and distribution 115-118
Human liver Se and other elements Chemical species 36-39
egesta Zn A Bioavailability 119

Archaeological sciences

The use of neutron activation analysis to characterize archaeological specimens and to relate the artifacts
to source materials through their chemical fingerprints is a well-established application. Applications of
NAA in the source study of raw material of the terracotta warriors and horses from the pits terracotta
warriors and horses from the Pits No.1 and No.3 of he first Chinese Emperor Qin Shihuang's Mausoleum
have been carried out!®*'*?, The results showed that the Lishan clay might be considered as the origin of
raw materials for the Terracotta Warriors and Horses in Qin Shihuang’s Mausoleum; thus the kiln sites might
also be located near the Qin’s mausoleum. An ancient Chinese ceramic specimen bank has been established
in Key Laboratory of Nuclear Analytical Techniques, the Chinese Academy of Sciences for provenance and

dating study of ancient Chinese ceramics. Up to now, the specimen number in the bank amounts to over



7 300193-203]

Table 4 Application of activation analysis in environmental sciences

Sample Element determined Description Reference
Human hair As and other elements endemic arsenic disease 120
Water, soil, and As and other elements endemic arsenic disease 21,121,
foodstuff 122
coal As and heavy metals Coal-burning Pollution 20, 123-145
Atmospheric As, Au, Brand other atmospheric environment 41, 146-154
aersol elements
fish Hg ,Se and other Corelations between Hg and other elements 155
elements
Dinosaur egg Ir and other elements paleoclimate 156
Moss and lichen multielement Biomonitor of air pollution 157-159
sediment Multielement Environmental Changes 160, 161
Natural water Multielement background values 162
soil Multielement soil erosion 163-166
Antarctic Lake Multielement envlromnental change 167, 168
Core
natural sediment Multielement sediment movement 169
soluble humic Na and Cl Characteristics of water soluble soil humic 170
acid acid
foodstuff Organohalogens Food contamination 7,9, 10,
171-174
Plant materials Organohalogens Air pollution 6,175-178
Atmospheric Organohalogens Air pollution 179-181
aersol
Sediment core Rare earth elements sediment origin 182
soil Rare earth elements soil erosion 183-187

Industrial applications

Pulsed fast-thermal neutron analysis (PFTNA) is a bulk material analysis technique, which makes it
suitable for industrial analysis. PFTNA utilizes the (n, n'y), (n, py) and (n, y) reactions to identify and

quantify a large number of elements, such as H, C, O, N, Na, Si, S, and Cl. Applications of PFTNA on oil

[204-207] [208-212]

and mineral exploration

, on-line coal analysis , and on-line cement analysis®®® have been

reported. PFTNA method combined with artificial neural network has been used for explosive detection!***].

Perspectives



In the past twb decades, rapid development of various multielement analytical techniques, such as
ICP-MS, has shown these techniques to be superior in a number of cases, where NAA earlier was the
technique of choice. However, the recent status indicates that these newly-emerging techniques have never
completely replaced NAA, simply because the NAA still possesses some unique features, not easily
challenged by other non-nuclear techniques. It is foreseeable that the NAA with the following advanced
characteristics in sensitivity, precision, reliability, accuracy, penetrability and in situ analysis (e.g. for

PFTNA), are still desirable for the tremendous development of science and technology in future.
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Post-k, Studies on Parametric NAA in CIAE
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Since the publication of the basic expression of ky-NAA in mid-19705, a series of follow-up studies was
carried out in our laboratory. Some of major ones, including parametric corrections for fission and threshold
reaction interferences, parametric normalization for efficiencies from different counting positions, ko-NAA
for major non-1/v activation reactions, and estimation and parametric corrections for neutron flux

self-shielding effects, are to be briefly described in this paper.

Introduction

The idea of calculating elemental concentrations directly using activation equation, so-called absolute
method, was initiated at very early days of NAA history'. Due to the unavailability of accurate nuclear data
(effective cross sections, half-lives, etc.) and experimental parameters (neutron fluxes, detection efficiencies,
etc.), however, absolute method of NAA has never been popular. Instead, relative method based on elemental
standards (known amount of elements of interest) has been unlimitedly used in almost all the NAA
laboratories worldwide up to mid-1970s. The advent of high resolution Ge y-ray spectrometry in 1960s made
NAA truly non-destructive and multielemental. It was the desire of many activation analysts then to have a
nearly-absolute method to eliminate making, irradiating and counting of the standards of multielements, to
determine the unexpected elements, and to better computerize the data reduction, without sacrifice in
accuracy. Examples of some early attempts include “single comparator” method proposed by Girardi et al?
for fixed irradiation condition and fixed detection system and “k” method proposed by De Corte et al.’ for
flexible irradiation condition and fixed detection system. The basic expression of “k,” method proposed by
Simonits et al.’ established a framework of parametric NAA on both flexible irradiation condition and
flexible detection system for 1/v analytical reactions.

Follow-up studies conducted in our laboratory dealt mainly with: how to make parametric determinations
for elements with non-1/v analytical reactions; how to make parametric corrections for nuclear reaction
interferences; how to make parametric normalizations for peak count rates obtained from different counting

positions; and how to make parametric evaluations and necessary corrections for neutron flux self-shielding

effects.



Parametric NAA for non-1/v analytical reactions®’
Necessity - One of the basic preconditions of primary ko — NAA is for the analytical reactions to obey the
Hogdahl convention based on 1/v reactions®, i.e., oy = 6. Although large majority of elements have 1/v
| analytical reactions, there are a few exceptions. The most sensitive analytical reactions of three important
elements, Eu, Lu (REEs), and Ir (PGE), are non-1/v ones.
Feasibility - For non-1/v reactions, Hogdahl convention should be replaced by generalized Westcott
convention, where oy = g (T,) 0o, g is a function of neutron temperature T,. The theoretical g (T,) values for

these three reactions are listed in Table 1°.

Table 1. Theoretical g (Tn) for three non-1/v reactions’

T, °C 40 60 80 100
BIEu (n,y) 0.883 0.865 0.849 0.834
Lu (n,y) 1.83 1.97 2.10 2.24
B (n,y) 1.035 1.037 1.040 1.042

Solution - “Working ko” may be determined for given type of samples and certain range of irradiation
conditions (to keep T, within narrow range (5 — 10 °C)) by using CRMs certified for these three elements.

As an example, working kos for these three reactions have been determined for typical geological samples
irradiated for 6 — 20 h at random heavy water reflector channels of the 15 MW HWRR at CIAE, as listed in

Table 2°7. These values have been successfully used for NAA of several thousand samples.

Table 2 Working ko values for three non-1/v reactions®’

Reaction E,, keV Ko,au (€xp) Ko_au (cal)

BEu (n,y) 1408 8.44+0.26 8.04

®r (n,y) 316 3.12+0.11 3.02

®Lu (n,y) 208 0.139+0.07 0.0714 (g = 1), 0.14 (g = 1.965,T, = 60 °C)

Note that the working ko for "’°Lu (n, 7) is 0.139, equivalent to g = 1.965 and T, = 60 °C, indicating the
“neutron thermometer” function of this reaction for estimating the effective neutron temperature during

irradiation and calculating working k, values of other non-1/v reactions.



Parametric corrections for fission interferences®

Necessity — 1) Depleted U is increasingly used in U reagents production. Using random U reagents for
“interference standards” may suffer underestimation of fission interference contribution. A parametric
correction is therefore required to check the isotopic abundance of ***U in U “interference standards”, or to
be used independently; 2) It is an extension of ko-NAA from analytical to interference reactions.

Feasibility — 1) Thermal neutron-induced 2*U (n,f) reaction basically obeys 1/v law, allowing the use of k,
concept; 2) The Q, value of **°U (n,f) reaction is very small (0.472) and f values are typically in the range of
10 — 300, therefore the uncertainty propagated from Q, to f + Q, and Ik, is largely reduced (see Eq. (1)
below).

Solution — Based on k, concept, an Ik, i.e. interference ko, is proposed for each fission interference case, as

defined by Eq. (1)%.

* A * *
Ik0=M %—yyo‘;‘j{; (theory) = —=~ £ 1+o (experiment) (1)

Moy o 4,% & f+0,

where, parameters with asterisk refer to analytical indicators, parameters without asterisk refer to
corresponding interference fission products, Y, is mass yield of fission induced by subcadmium spectrum
neutrons; Ay/Ag* is interference factor.

Iko values for 8 major fission interference reactions belonging to three types (A — same nuclide, same
growth-decay pattern, as shown in Table 3; B — same nuclide different growth-decay pattern, *°Ba-'*’La; and
C — gamma spectral interferences from different nuclides, *'Ba-'"Ru) were experimentally determined at 6
channels of 3 research reactors with f values ranging from 13.7 to 134, and their neutron spectrum

independent nature verified.

Parametric corrections for reactor fast neutron induced threshold reaction interferences®!'>'3
Necessity — 1) Ever increasing demand for ultratrace analyses requires the use of highest possible reactor
neutron flux, that usually means harder neutron spectrum and more serious threshold reaction interferences;
2) Traditional way of determining interference factors by co-irradiating pure interference element standards
often suffers overestimation contributed by (n,y) reactions of trace impurities of the elements of interest
contained in “pure” interference standards, since the difference in Z for interfering elements and the elements

of interest is 1 (for (n,p)) or 2 (for (n,a)) and often co-exist in nature; 3) This problem may be solved by




Table 3 Determinations of Ik, for six type A cases®

Reactor
HWRR SPRR MNSR Ik, Tko
Nuclide
f exp. calc.
134 32.8 37.7 31.6 33.7 13.7
S7r 11.0 10.6 10.8 10.8 10.1 10.9 10.7+0.3 11.6
7r 172 162 194 176+16 171

*Mo 3.00 3.00 3.33 2.91 2.90 3.75 3.12+0.35 3.27
Hlce 0250 0253 0295 0304  0.295 0.280  0.280+0.022  0.28
ce 1.23 1.34 1.32 1.26 1.33 1.28+0.06 1.37

“INd 0.25 0.24 0.26 0.26 0.23 0.247+0.012 0.274

These values were later referenced by and incorporated in literature’".

successive bare and Cd (or B) covered irradiations and solving simultaneous equations. However, it is
obviously too complicated to be used in routine analysis; 4) In addition to the requirements from the
above-mentioned aspects, a parametric correction method for threshold reaction interferences will also be an
expansion for ko-NAA.

Feasibility — Approximate primary fission neutron spectra were verified for fast neutron energy distributions
at random channels of three research reactors by using reference threshold reactions with accurately known
fission neutron spectrum averaged cross-sections and wide spread effective threshold energies. An example
on the verification of reactor fast neutron energy distribution having an approximate primary fission neutron
spectrum and the determination of this eqivalent fast neutron flux, ¢, is given in Table 4"'. Cross sections
averaged on neutron spectrum from primary **°U fission, o, for major threshold reactions of NAA interest
are available from literature with uncertainties less than 15%“(good enough for minor corrections).

Solution — Activation equation, Ay, = (m/M)N6eypoy, can thus be used for calculation of the analytical peak
count rates, Ay, contributed by interfering threshold reactions with o¢ from literature and ¢ instantly
determined using **Fe (n,p) (Fe wire can simultaneously be used as a comparator of ki-NAA) or **Ni (n,p)

(Ni can simultaneously be used as Ni standard) reactions.



Table 4 Determinations of @; in Channel B-2 10-20 of MURR"

Reaction A M E, Y € 0 oMb Egreshod  Pr

“Mg(n,p) 36500 243 1368 1.00 3.6E4 079 153 7.1  3.4EI2
7Al(n,0) 20300 27 1368 1.00 3.6E-4 100  0.73 84 3.5EI2
“Ti(n,p) 20400 479 0.889 1.00 55E-4 0.083 105 54  3.5EI12
“Tin,p) 108000 479  0.158 0.685 3.3E3 0.075 163 3.7  3.1E12
“Titm,p) 4700 479 0983 - 1.00 49E-4 0737 027 72 3.8El12
“Fe(n,p) 580000 558 0834 1.00 S5.8E-4 0.058 825 44  29EI2
®Ni(n,p) 1330000 587 0.810 099 6.1E4 0681 113 43  28EI2

Av. ¢r=(3.29+0.36)E12
Parametric normalization for full-energy peak efficiencies obtained at different counting positions'>"®
Necessity — Very often different counting positions have to be used for samples in the same package to cope
with samples/standards with extremely different activities. Existing methods for normalizing the efficiencies
from different counting positions (both mathematic and chemical ones) are too complicated for routine use.
Feasibility — According to “Effective Interaction Depth, EID” law, a cylindrical Ge detector can be
considered as a point at certain depth (depending on y-ray energy, E) of the Ge crystal axis. The full energy
peak efficiency ¢ is inversely propotional to the square of the distance from source (point source at the
extended line of Ge crystal axis) to that point. In a systematic study, the EID theory was experimentally
verified, application scope established (quasi-point source, cascade/crossover free gamma-rays) and
uncertainties estimated (< 3%).
Solution - EID as a function of gamma-ray energy, Sy (E), has been established for our HPGe detectors by

using Eq. (2) and used in all routine NAA work.

& _ (S()(E)+S2)2
g  (Sy(E)+S,)

(2)

where, So(E) = EID measured from an arbitrary base-plane near detector surface, S¢(E) is unique for a given
Ge detector; S;,S, = distances from source to that base-plane for counting positions 1 and 2, respectively; ¢;,
&, = full-energy peak efficiencies for y-rays with energy E at counting positions 1 and 2, respectively. Data

shown in Table 5 are an example of experimental verification of EID law.



Table 5 EID prediction for relative efficiencies of a Ge(Li) detector'

E, S| =640mm S, =320 mm S; =80 mm So(E),

keV Pred. Meas. A,% Pred. Meas. A% Pred Meas. A% mm
121.8 0.0830 0.0829 +0.1 0301 0309 -2.6 2.890 2.868 +0.8 343
3443 0.0880 0.0893 -1.5 0312 0312 0 2773 2717 +0.6 42.5
7789 0.0895 0.0905 -1.1 0315 0315 0 2691 2658 +1.2 447
964.0 0.0898 0.0898 0 0316 0319 -09 2.684 2.684 0 454
1112.0 0.0903 0.0885 +2.0 0317 0314 +1.0 2.669 2.706 +1.4 46.3
1408.0 0.0905 0.0894 +1.2 0.318 0320 -06 2664 2726 -23 46.6

In addition, the definition of “Total Efficiency, £1”, an important parameter in summing effect corrections, is
clarified in this work. It is pointed out that the low energy scattering contributions should be included in
“total response”, since the flight times of these scattering y-rays are in the order of ns, compared to ps of
pulse processing time. Thus, g,/¢r is not an inherent parameter of a Ge detector but related to surroundings,
and is not independent of counting position but counting geometry related.

Parametric evaluation and necessary correction for neutron flux self-shielding effects'”'®
Necessity — One of the important prerequisites for elemental determinations in NAA is that the unknown
samples and standards/ comparators should be irradiated at the same neutron flux and spectrum. Neutron flux
self-shielding effect in either or both the samples and standards will violate this precondition and cause error.
Traditional ways of corrections for neutron flux self-shielding, such as “extrapolation to zero mass” or
“internal standards (spikes)”, are too complicated for routine use.

Feasibility - For minor self-shielding effects, e.g. only a few percent, some established theoretical treatment
may be good enough. For larger self-shielding effects, it is suggested to give up INAA and seek for other
methods.

Solution — Zweifel equations'” for foil and cylinder samples were used for estimation and corrections (for the
effects of smaller than 10%) for neutron flux self-shielding in INAA of two Chinese multi-metal nodule
RMs'". Gilat equation® with an improvement in sample shape definition was used for estimation of overall

neutron flux self-shielding effects for 250 mg each of USGS BCR-1 and AGV-1 samples'®.

Most of the above functions have been, or are being, incorporated in a hybrid ko-relative NAA software, as



part of our automated NAA system”’.
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Study of the Chromium Metabolism and Speciation in Diabetic Rats by
Enriched Stable Isotopic Tracer Technique Combined with Neutron Activation

Analysis
W.Y.Feng, W.J. Ding, Q. F. Qian, Z. F. Chai

Key Laboratory of Nuclear Analytical Techniques, Institute of High Energy Physics, Chinese Academy of
Sciences, Beijing, P. R. China

Trivalent chromium (Cr III) has been known as a potentiator to insulin in mammal glucose and lipid
metabolism. However, the chromium (III) metabolism and speciation in organisms is still not well known
because of its ultra low content exist. In order to study the metabolism of Cr (III) in diabetics, the distribution
patterns of chromium in the liver, kidney, pancreas, testes as well as in the organic subcellular fractions of
the alloxan-diabetic rats were studied by the enriched stable isotope *°Cr’* tracer technique combined with
neutron activation analysis (NAA). Further, the chromium-containing proteins in the liver cytosol, serum and
urine of the normal and diabetic rat were investigated. After a single intravenous injection of enriched stable
isotope Cr-50 tracer solution, the Sephadex G-25 gel chromatography combined with NAA was used to

isolate and characterize protein-bound chromium in the above materials.

Key words: Trivalent chromium (Cr III), enriched stable isotopic tracer technique, neutron activation

analysis, metabolism, speciation, rat

Introduction

Chromium (Cr), as a trivalent organic or inorganic form, has been proposed to act as a potentiator of
insulin action in animals and human beings. Cr deficiency induces symptoms resembling diabetes, such as
glucose intolerance impairment with requirement of increasing insulin, etc, and Cr supplement can alleviate
these symptoms 2.

Nowadays, millions of diabetics are now provided with various kinds of commercial Cr supplements,
such as chromium picolinates, chromium-rich yeast and so forth. Unfortunately, up to now, embarrassed by
the low level of Cr in individual and animal bodies, little is known about chromium speciation naturally
occurring in mammals, as well as its metabolism and biological function. Our previous metabolic experiment
? found that Cr was widely distributed in various organs and tissues of rats. Nevertheless, until now, the only
available candidate for Cr substances in vivo is the low-molecular-weight, Cr-binding complex (LMWCr),
which was extracted from animal liver or cow colostrums *°. Kaim ’ once indicated that in the first transition
elements from vanadium to zinc, which are essential to some form of life, chromium is the only element for

which no one metallobiomolecule containing it had been well characterized in terms of its function and mode

of action. Therefore, there is increasing interest in studying protein-bound Cr complexes and in identifying



their biological, chemical and physiological properties.

Among the Cr speciation researches, different kinds of chemical and biological separation methods are
needed. Unfortunately, as the concentration of Cr in many biological materials is usually at ultratrace level
(~ng/g), it is almost impossible to avoid the exogenous Cr contamination caused from separation and
determination processes. Therefore, the analysis is usually so complicated and difficult that a highly sensitive
and accurate analytical method is desirable. Fortunately, using activable enriched stable isotope Cr-50 tracer
technique could overcome the above problem. In this paper, *°Cr,0; with 94.2% *°Cr was used as a tracer
combined with gel chromatography to study the Cr speciation in normal and diabetic rats. Compared to the
4.35% natural abundance of *°Cr, the elevation of more than 20 times of *°Cr abundance in enriched stable
compound could highly improve the sensitivity of the tracer technique. Furthermore, in contrast to the
radioactive tracer method, the enriched stable isotope does not introduce radiation damage to the cells. The
Cr concentration can be determined via *°Cr(n, v)’'Cr by neutron activation analysis (NAA), which is ideally

suited for the ultratrace element analyses due to its high precision, accuracy and sensitivity.

Experimental

S'Cr(I1I) tracer solution preparation

The enriched stable isotope Cr-50 compound, Cr,03, in which the isotopic abundance of OCr is 94.2%,
was purchased from the Institute of Atomic Energy, Beijing, China. In order to make *’Cr’* solution, ’ °Cr,05
was first dissolved in a few drops of HCIO,, then a small amount of 2mol/L. HCI1 and 30% H,0O, were added
to reduce any Cr(VI) to Cr(III).

Animal treatment

Twelve male Wistar rats, weighing about 150+20g, were purchased from the Center of Experimental
Animals of Beijing Medical University. The rats were divided into two groups ad libitum. One group of rats
was given alloxan (Sigma Co.) intravenously to produce diabetic rats, whereas another group was used as
control. The detailed method of producing chemically induced diabetic rats was described in our previous
paper °.

The two groups of rats were injected intravenously with the above **Cr(3+) tracer solution every 24h at
a dose of 50pg Cr(3+)/100g body wt for 3 successive days. At the 4th day, after collecting the whole blood
from the cervical vein, the rats were sacrificed. The liver, kidney, pancreas and testes were immediately
collected, washed with deionized water and maintained at -70°C until used.

The urine samples of the two groups of rats were collected separately.

Sample preparation

The tissue samples were washed with a 10mM HEPES/0.25M sucrose buffer (pH=7.5), then cut into
strips by a Teflon knife, and homogenized with 4~7 volumes of the buffer in a glass homogenizer. The

homogenate was first centrifuged at 50xg for 7 min to remove non-disrupted cell and then the supernatant



was separated into different fractions by successive differential centrifugation to get nuclei, mitochondrion,

lysosome, microsome and cytosol.

Gel chromatography on Sephadex G-25

10ml cytosolic solution obtained from the two group rats was subjected to a Sephadex G-25 column
(¢1.6x60cm) separation.

The serum samples collected from the same group rats were mixed together. 14.6ml from the normal rat
and 8.6ml from the diabetic rat were used to the gel separation, respectively.

15ml of urine samples of the normal and diabetic rats were applied to the column.

The 0.1M CH;COONH;, buffer (pH=6.60) solution was used for the column equilibration and samples

elution. The flow rate of elution was 19ml/h. Each fraction of 4ml/ tube was collected.

Chromium determination

All the reagents that were used were of the highest available purity. The deionized water was used
throughout. Glassware was soaked in 1:1 nitric acid for over 1 week and rinsed thoroughly with deionized
water before use.

The tissue samples were freeze dried. The subcellular and the eluted fraction samples were dried under
an infrared lamp. All the biological samples were covered by Teflon film and aluminum foil. The samples
and the standards were irradiated in the Institute of Atomic Energy’s swimming pool reactor at a flux of
2x10%n/cm’ s for 24h. After 2 weeks decay, the >'Cr radioactivity was counted by a high pure Ge detector
with PC-based Ortec MCA.

Results

Blanks and reference materials

All the reagents used in this paper were of the G.R. or A. R. purity. Glassware was soaked in 8mol/l
nitric acid for 1 week and rinsed thoroughly with deionized water before use.

The blanks of the reagents and all the package materials for irradiation were analyzed by NAA. The
results indicated that no detectable Cr contamination in the whole procedure was found or the Cr content in
the blanks compared to that in the samples was negligible.

A number of standard reference materials: Bovine Liver (NIST 1577a), Pork Liver (GBW 08551),
Shrub Leaves (GBW 07602) and Poplar Leaves (GBW 07604) were analyzed for evaluating the accuracy of
INAA. The results are shown in Table 1. The agreement between our values and the certified values is quite

well, confirming the good accuracy and precision of our procedures.



Table 1. Cr contents in standard reference materials by INAA (ug/g)

SRM This work Certified value
Bovine Liver (NIST 1577a) 0.23 +0.07 02+0.1°8
Pork Liver (GBW 08551) 0.16 £ 0.03 0.2)*°
Shrub Leaves (GBW 07602) 0.55+£0.04 0.55+0.05°
Poplar Leaves (GBW 07604) 2.1+0.1 23+02°

* Reference value. The number of determination is 6.

Table 2. Chromium contents in subcellular fractions of rat liver

Subcellular Cr Concentration pg/g ~ In Total Cell % Cr/Total Protein * ug/g
Fractions N D N D N D

Homogenate 0.42+0.06 0.31=+0.09 — — 1.96£0.16 2.14+0.16
Residue 0.59+0.17 050+020 215 11.7 1.57+0.17 1.95+0.20
Nuclei 201+042 169026 27.0 333  5.14+042 4.14+0.26
Mitochondria 0.99+0.23 139+0.19 18.2 18.7 3.58+0.23 5.87+0.21
Lysosome  0.59+0.17 055+021 5.14 672 143+0.18 2.87+0.21
Microsome 0.11+0.01 061+0.15 0883 109 029+0.01 4.08+0.15
Cytosol 0.13+£0.04 0.12+0.05 273 188 1.98+0.13 1.54+0.05

? Cr/protein means the ratio of the amount of Cr to the total quantity of protein in the fraction. The
meanings are the same in the following tables.

Values are expressed as mean + SD (N=6).
N—Normal rats, D—Diabetic rats.

Table 3. Chromium contents in subcellular fractions of rat pancreas

Subcellular Cr Concentration pg/g In Total Cell %  Cr/Total Protein pg/g
Fractions N D N D N D

Homogenate  0.151+£0.010  0.079+0.006 — — 1.33+0.11  0.78+0.07
Residue 0.081+£0.006  0.143+0.004 4.82 5.66 0.94+0.08 0.82+0.05
Nuclei 0.116+£0.007  0.132+0.004 4.36 6.79 0.85+0.07 0.33+0.02
Mitochondria  0.252+0.010  0.174+0.009 7.24 6.79 1.2440.08 0.25+0.02
Lysosome 0.308+0.008  0.161+0.009  3.50 4.98 1.08+0.06 0.54+0.04
Microsome  0.246+0.009  0.128+0.008  9.49 7.20 1.75£0.11  0.48+0.04
Cytosol 0.158+0.004 0.119+0.004  70.6 68.4 2.31+£0.13  1.08+0.07

Notes: The pancreas of 6 rats were homogenized together and then separated into subcellular

fractions. The chromium measurement error is less than 5%.
N-—Normal rats, D—Diabetic rats.



Table 4. Chromium contents in subcellular fractions of rat testis

Subcellular Cr Concentration pg/g  In Total Cell % Cr/Total Protein pg/g

Fractions N D N D N D
Homogenate  0.21+0.01  0.12+0.01 — — 2.66+£0.18  1.52+0.11
Residue 0.46+0.01 0.19+0.01 8.56 10.9 1.32+0.07  3.48+0.26
Nuclei 0.45+0.01 0.22+0.01 14.7 11.7 2.99+0.17  1.08+0.07

Mitochondria  0.63+0.01 0.36+0.01 8.03 8.50 2.06+0.11 1.10+0.06
Lysosome 0.58+0.01 0.34+0.01 3.68 3.89 1.50+0.08  0.87+0.05
Microsome 0.41+£0.01 0.20+0.01 2.87 3.26 1.23£0.07  0.74+0.05
Cytosol 0.32+0.01 0.12+0.01 622  61.8 3.59+0.18  1.72+0.14

Notes: The pancreas of 6 rats were homogenized together and then separated into subcellular

fractions. The chromium measurement error is less than 5%.
N—Normal rats, D—Diabetic rats.

Table 5. Chromium contents in subcellular fractions of rat kidney

Subcellular Cr Concentration pg/g In Total Cell % Cr/Total Protein pg/g

Fractions N D N D N D
Homogenate 1.28+0.01 1.09+0.01 — — 6.25£032  4.76+0.24
Residue 1.81+0.02  1.01+0.01 6.57 8.40 3.84+020  3.16+0.16
Nuclei 1.65+0.02  1.17+0.01 15.6 194 3.95+0.20  3.18+0.16
Mitochondria 2.00+0.02  1.55+0.02 12.7 8.64 5.95+0.31  4.52+0.23
Lysosome  1.80+0.02  1.53+£0.02  6.96 6.91 7.73£0.40  5.75+0.30
Microsome  1.35+0.02  0.98+0.01 2.81 3.00 4.08+0.21  3.14+0.16
Cytosol 0.72+0.01 0.55+0.01 55.4 53.6 8.36+0.43 6.54+0.34

Notes: The kidney of 6 rats were homogenized together and then separated into subcellular fractions.

The chromium measurement error is less than 5%.
N—Normal rats, D—Diabetic rat.

Chromium in subcellular fractions of rat liver, pancreas, kidney and testes

The chromium contents in subcellular fractions of normal and diabetic rat liver, pancreas, testes and
kidney are given in Table 2-5.

The liver homogenate of the normal rats has slightly higher Cr content than the diabetic. In the
subcellular distribution the nuclei fraction contains the highest Cr values among all the fractions of both
group rats. The Cr contents in various cell fractions of the normal rats decrease in the following order: nuclei
> mitochondria > lysosome > cytosol ~ microsome, whereas for the diabetic rats, it decreases in the order:

nuclei > mitochondria > microsome ~ lysosome > cytosol. Comparatively, Cr is mainly enriched in the



nuclei, mitochondrial and cytosol fractions. However, the Cr contents in the mitochondrial and microsomal
fractions of the diabetic rats are significantly higher than those of the normal rats (p<0.001). When expressed
as Cr/protein, the Cr contents in the mitochondrial, lysosomal and microsomal fractions of the diabetic rats is
statistically higher than those of the normal rats (p<0.001).

Table 3 shows that the Cr content in the pancreatic homogenate of the normal rats is twice as that of the
diabetic rats. In the intracellular distribution, the Cr contents in the fractions of the normal rats are
statistically higher than those of the diabetic rats (p<0.05), except in the nuclei fraction. Cr content in nuclei
is similar in both groups. In the relative percentage distribution, about 68~70% Cr is accumulated in the
cytosol fraction. The Cr distribution pattern in the pancreas subcellular fractions is not statistically different
in the two group rats. The Cr/protein ratios in the sub-fractions of the diabetic rats are 1~4 times lower than
those of the normal rats.

There is still statistically higher Cr content in the testes homogenate of the normal rats than of the
diabetic rats (p<0.001), and so is in the subcellular fractions (p<0.05). The intracellular results show the
higher Cr/protein values in the normal rats than in the diabetic rats as well. The cytosol has the highest value
for Cr, while the rest Cr is mainly contained in nuclei and mitochondria.

The Cr distribution pattern, either in the homogenate or in the subcellular fractions in kidney of the two
group rats, is not much different from its pattern in pancreas and testes. Cr contents in the subcellular
fractions of kidney of the normal rats are somewhat higher than those of the diabetic rats, and so are also the
results expressed as Cr/protein. Almost 53~55% of total Cr is accumulated in cysotol, while the rest is

retained in the nuclei and mitochondrial fractions.

Gel filtration patterns of Cr in liver cytosol

Fig. 1 shows that Sephadex G-25 gel filtration spectrum of Cr in liver cytosol of the normal rat is
similar to that of the diabetic, but the former contains much higher Cr than the latter. There are two
significant Cr eluted peaks in the fractions that correspond to the ultraviolet absorbance at 280nm. Although
the second lower Cr peak’s ultraviolet absorbance is not significant as shown in Fig. 1, which is probably
due to the low Cr and protein content in the peak, it indeed contains protein verified by both VIS-UV
spectrum determination and protein concentration analysis (data not shown here). The first higher peak (I),
just in the eluted position of Blue Dextran, represents a great amount of high-molecular-weight compounds
in the liver cytosol. Peak I contains 59.8% of Cr comparing to the total eluted Cr in the normal rat liver

cytosol. Similarly, in the diabetic rat, it is 58.2%. The second Cr peak (II) was eluted near the void volume of



the column, whose maximum ultraviolet absorbance was at 260nm. On the contrary to peak I, peak II is
primarily composed of low-molecular-weight compounds, which contains 26.9% and 36.8% of the total Cr
in the normal and diabetic rat, respectively. The rest amount of Cr conjecturally exists as inorganic salts or

was combined with amino acids and small peptides, etc. in the elution volume after 200ml of the column.
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Fig. 1. Sephadex G-25 chromatography of the liver cytosol of the normal and diabetic rat

Gel filtration pattern of Cr in serum

The serum chromatographic pattern of the normal rat is almost the same as of the diabetic, except for
the different Cr concentration (Fig. 2). Furthermore, the gel filtration pattern of Cr in serum is similar to that
in the liver cytosol. A major portion of Cr in serum was observed in the Blue Dextran position of the
Sephadex G-25 gel chromatography with the ultraviolet absorbance at 280nm as in the liver cytosol.
Approximately, 90.3% of the total Cr.exists in this fraction of the normal rat and 89.1% of the diabetic rat.
Comparing to the liver cytosol gel chromatography, a significant protein peak was eluted at the volume from
100 to 130ml. The maximum ultraviolet absorbance of its corresponding Cr peak is also at 260nm. The

percentage of total Cr in this peak is not much different between the normal and diabetic rats, i. . 8.2% and

10.2%, respectively.
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Fig. 2. Sephadex G-25 chromatography of serum of the normal and diabetic rat
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Gel filtration pattern of Cr in urine

Urine is the channel of several metabolites excreted from kidney. It is chiefly composed of low
molecular weight components, e. g. urea, uric acid, creatinine, inorganic ions and water, etc. When the urine
samples of both normal and diabetic rats were subjected to the Sephadex G-25 column and eluted with 0.1M
CH;COONH, buffer (pH=6.60), as contrast to the patterns of liver cytosol and serum, only a single Cr peak
was eluted near the void volume of the column. The peak possesses the same properties of peak II as shown
in Figs.1 and 2 that was eluted at the same position of the column and has the maximum ultraviolet

absorbance at 260nm.
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Fig. 3. Sephadex G-25 chromatography of urine of the normal and diabetic rat

Discussion

Our results show evident differences of Cr distribution in various organs and subcellular fractions
between the normal and diabetic rats, though their Cr treatment is the same.

Our previous study ) indicated that diabetic rats contained less Cr in their bodies than did normal rats,
because of their higher Cr excretion amounts in the urine. In this study, the analysis of Cr contents in the
liver, kidney, pancreas and testes of the two group rats again reconfirmed our previous results.

The Cr contents in the liver cytosol and serum samples of the normal rats are higher than those in the
diabetic. In this experiment, the total urine quantity of the diabetic is approx. 14 times larger than the normal.
Therefore, the diabetic rats characteristic of the polyuria actually excrete much more amount of Cr than the
normal rats, though the urine Cr concentration of the diabetic rats is lower than the normal. The above results
are all in accordance with that of our previous metabolic experiment °.

The Sephadex gel chromatography of liver cytosol, serum and urine of rats revealed a similar
low-molecular-weight, Cr-containing compound in the same fraction of elutes. Chromium is excreted chiefly
as LMWCr in urine. These findings are in substantial agreement with the results of other researches > .
Nevertheless, In this study, we found that Cr(IlI) was mainly combined with a high-molecular-weight protein

either in liver cytosol or in serum of both normal and diabetic rats.



Acknowledgments
This work is funded by National Natural Science Foundation of China and Chinese Academy of

Science.

References

1. Mertz, W., Chromium, history and nutritional importance. Bio. Trace Elem. Res. 32, 3-8 (1992)

2. Anderson, R. A., Chromium, glucose tolerance, and diabetes. Biol. Trace Elem. Res. 32, 19-24 (1992).

3. Feng W.Y., Ding W.J., Qian Q. F. and Chai Z. F., Using the enriched stable isotope Cr-50 as a Tracer
to study the metabolism of physiological amounts of chromium (III) intragastrical administration in
diabetic rats — comparing with the normal. Biol. Trace Elem. Res. 63(2), 129-138 (1998).

4. Yamamoto, A., Wada, O., Suzuki, H., Purification and properties of biologically active chromium
complex from bovine colostrum. J. Nutr. 118, 39-45 (1988)

5. Yamamoto, A., Wada, O., Ono, T., Isolation of a biologically active low-molecular-mass chromium
compound from rabbit liver. Eur. J. Biochem. 165, 627-631 (1987).

6. Davis, C. M., Vincent, J. B., Isolation and characterization of a biologically active chromium
oligopeptide from bovine liver. Arch. Biochem. Biophys. 339(2), 335-343 (1997a).

7. Kaim W, Schwederski B, (1994) Bioinorganic Chemistry: Inorganic Elements in the Chemistry of Life,
John Wiley & Sons. Chichester, England.

8. Roeland I., Gladney E.S., Consensus values for NIST biological and environmental standard reference
materials. Fresenius J. Anal. Chem. 360, 327-338(1998).

9. Certified Reference Material Catalog, National Research Center for CRM’s, Beijing, (1996).

10. Wada, O., Wu G.Y., Yamamoto, A., Uanabe, S., Ono, T. Purification and chromium-excretory function

of low-molecular-weight, chromium-binding substances from dog liver. Environ. Res. 32, 228-239

(1983).



Preliminary Studies on Determination of Trace Platinum in Airborne Particulate

Matter by Instrumental Neutron Activation Analysis
LI Xiaolin', MAO Xueying’
! (Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

?(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100039, China)

The interferences in determination of trace Pt in airborne particulate matter by instrumental neutron
activation analysis were preliminary studied. The mathematical correction method was used to correct the
interference contribution of Ca in Pt determination. The result of this study shows that the mathematical
correction method is reliable.

Key words Neutron activation analysis, Platinum, airborne particulate matter

Introduction

Element platinum plays a decisive role in the performance of exhaust systems, worldwide applied in
vehicles, to reduce the emission of gaseous pollutants such as carbon monoxide, nitrogen oxides and
hydrocarbons [1,2]. However, the hot exhaust gases flowing through the catalytic converter cause abrasion
and ablation of these units, leading to the emission of the Pt to the environment. Thus, the novel
anthropogenic metal has an increasing impact on nature due to the increasing number of cars equipped with
catalytic converters [2]. Moreover, several platinum group elements (PGEs) and their complex salts (e.g.
Pt-and Pd-chlorides) have been reported as potential health risks to human, causing asthma, allergy,
rhino-conjunctivitis and other serious health problems [3,4]. No data are as yet available about inhalation
exposure, nevertheless, several observations identify a possible danger by inhalation [5,6,7].

The environmental impact of the PGEs is obvious. Several investigations found that Pt concentrations
in remote snow cores of Greenland and the Alps have been considerably rising since 1975, and had increased
40-fold until the mid-1990s [8,9]. The Pt/Rh ratio was found to be very close to that in catalytic converters
[9]. The PGEs polluted places are located at high altitude and far away from residential areas of heavy traffic,
indicating a large-scale contamination impact of the vehicle catalysts, likely through the troposphere of the
Northern Hemisphere [8].

Considering the facts mentioned above, the monitoring of Pt derived from the emission of automotive

catalytic converters attrition into environmental samples has very importance with respect to estimation of



the future risk of the human health and ecosystem. The monitoring the Pt concentrations is part of the
environmental and health programmes of the IAEA and the WHO [7]. PGEs are among the least abundance
elements in the Earth’s crust, and natural PGEs in airborne particulate matter are therefore expected to be low.
Although emissions of Pt from automobile catalysts have resulted in elevated concentrations of Pt in the
urban air, thé concentrations of Pt is still relatively low. Thus, the analysis of Pt in airborne particulate matter
is challenging. At present, the analytical technique widely applied for the determination of PGEs in airborne
particulate matter is inductively coupled plasma mass spectrometry (ICP-MS) [10].

Instrumental neutron activation analysis (INAA) is a high sensitive method for the determination of
PGEs. An outstanding merit of INAA over ICP-MS is without acid digestion of samples, any
pre-concentration and/or separation of the analyte/matrix. Alfassi and éo-workers developed a method of
INAA for the determination of Pt by the 'Au daughter of Pt [11]. In the method, a mathematical
correction method was used to correct interference from *’Sc daughter of *’Ca. In the studies of Alfassi and
co-workers, however, only the standards with Pt amounts in the pg range and the concentration ratio of Ca/Pt
in 10°~10* level were analyzed to demonstrate the reliability of the method. In the airborne particulate matter
of shanghai, the concentration ratio of Ca/Pt is about 10°~10° level and the Pt amounts is in the ng range in
filter samples. In this study, the method of INAA was used for the determination of Pt. The standards not
only with Pt amounts in the ug range and the concentration ratio of Ca/Pt in 10°~10* level but also with Pt
amounts in the ng range and the concentration ratio of Ca/Pt in 10° level were analyzed to demonstrate the

reliability of the method.

Methodology

There are four radionuclides that can be used for determination of Pt by INAA (Table 1). The 538.9 keV
y-ray of "*'Pt is recommended by the IAEA because it is free spectral interferences. But the *'Pt suffers from
low sensitivity in most of the environmental samples due to low natural abundance (0.01%). The INAA of
Pt is limited because of its short half-life of 30.8 min. Thus, Pt is often determined via '*’Pt or via the
'"Au daughter of 'Pt. In airborne particulate matter sodium is a matrix component. The intense
Compton-scattering background originating from **Na hinders the counting of the main y-ray of '”’Pt at 77.4
keV, because the half-life of '’Pt is close to that of **Na (t;,=14.96 h). Thus, the INAA of '*’Pt is limited for
analysis of airborne particulate matter. In addition, the y-ray of '*’Pt at 77.4 keV will be interfered from '*"Hg.
The '*Au is daughter of Pt via '®Pt. The determination Pt by the main y-ray of 'Au at 158.4 keV is very

sensitive due to appropriate half-life, high peak intensity and larger effective cross section (Table 1). For the



determination of Pt by '*Au there is a nuclear interference from the double neutron capture of 7 Au. The

interference can be corrected by irradiating Au chemical standards together with samples.

Table 1. Nuclear data for the radionuclides in determination of Pt by INAA

Daughter nuclide Plpt 1%7pt 199pt % Au

Mother nuclide (nat. abund. In  "°Pt (0.01) %py(25.3)  *pt(7.2) 199pt

%)

Half-life 2.8d 183 h 30.8 min 3.319d
Main y-ray energy [keV] (peak 538.9(13.4) 77.4(20) 543.0(16.4)  158.4(76.8)
intensities %) 409.0(7.9) 191.4(5.7)  493.5(62)  208.2(16.6)

Effective cross section (b) 0.015 0.55 3.8 3.8

However, there are some y spectral interferences for the determination Pt by 158.4 keV of 19 Au (Table
2). The interferences of *’Sc originating from the (n, p) reaction of “'Ti and the (n, &) of *°V can be neglected
by the selection of thermal position in reactor. Also, radionuclide “Sc is produced by the double neutron
capture of **Sc. Scandium is a trace component in airborne particles and the formation probability of the *'Sc
in reactor under the irradiation time of about 8 h is very low due to the long half-life of %5 (t1,=83.8 d).
Thus, the interference of the *’Sc originating from the double neutron capture of “*Sc can be ignored. The y
spectral interference from '>™Te can be neglected because tellurium is a trace element in airborne particulate
matter and the formation probability of '>™Te in reactor under the irradiation time of about 8 h is very low
due to the long half-life of 1B3me (t12=119.7 d). For the determination Pt by 158.4 keV of 199Au, a spectral
interference might arise from calcium because calcium is a major component in airborne particulate matter.
The spectral interference of *’Sc caused by “*Ca (n, ) 'Ca reaction followed by B~ decay should be corrected
for the determination of Pt by 158.4 keV of Au. In this study, the mathematical correction method was
used to correct the interference contribution of Ca in Pt determination.

The integral counts of 159 keV peak and 1297 keV peak are given by two equations as follows [11]:
Counts,so = ayxmg, x fi(t,8,8,)+a,xmp, x f,(t,1,1,) €}
Counts,,g, = a; xmg, x f3(t,,t,,t.) (2)

Where mc, is the amount of calcium (mg), mp, is the amount of platinum (mg), a;, a; and a; are

constants dependent on the flux and the neutron spectrum in the reactor, the probability of formation, the



intensities of the y-rays, and the detection efficiency of detector. f}, £> and f; are functions of the irradiation

time (1;), cold time (2,) and counting time (z,).

Table 2. Spectral interferences for the determination Pt by 158.4 keV of '’ Au

Elements Nuclear reactions Abundance  Cross section Half-life (d)  y-Ray

(%) (b) (keV)
Ti “"Ti(n, p)*'Sc 7.5 20 3.41 159.4
\Y V(n, a)*’Sc 0.25 1.5 3.41 159.4
Ca “Ca(n, r)*"Ca(p)"’Sc  0.0033 0.7 4.54, 3.41 159.4
Sc “Se(n, 1)**Sc(n, r)*Sc 100 169, 8 83.8, 3.41 159.4
Te BTe(n, r)'*™Te 2.46 1 119.7 159.0

By the equations (1) and (2), the mp, and mc, are obtained by the equations [11]:

a, x f.
mp, =—3-73 3)
Counts,,y,
m. = counts, s, X f, —a)x J1 x counts,,g, @
Pt = 4 P
COUNLS g, X f, frix fixa,

Where a, is a)/a;.

Experimental
Preparation of standards

There is no commercially available reference material for Pt determination in airborne particulate
matter. Thus, mixing standards containing platinum in pg and ng amounts and calcium in mg amounts were
prepared for test the method of INAA for the determination of Pt via the '*’Au. The high pure CaO powder
was used for Ca standard, which was made in Chinese Chemical Industries, Ltd. Certified SPEX
mono-element standard solution of Pt (1000 pg/mL, SPEX CertiPrep INC.) was used as original standard
solutions to prepare Pt working solution. The mixing standards were prepared as follows: Different amounts
of CaO were weighed and placed onto a filter paper (square-shaped, 2 cm x 2 cm). The Pt working solution
was pipetted to the CaO powder. After drying, the filter containing the CaO powder was folded into a small

and thin square for INAA. Meanwhile, analytical standards of Ca and Pt were prepared by the CaO powder



and Pt working solution.
Irradiation and Counting

Irradiations were performed in the research reactor of the Chinese Academy of Atomic Sciences. The
neutron flux was 4.83x10" n s’ cm™. The irradiation time was 8 h. Counting the activated samples after the
irradiations was done at the Nuclear Analysis Laboratory of Institute of High Energy Physics, Chinese
Academy of Sciences. The HPGe detectors with the relative efficiency of 35% and the energy resolution of
1.70 keV (FWHM, at 1330 keV vy-ray), connected to Ortec multi-channel analyzers, were applied to the

counting. Samples were counted 5000-10000 seconds after cooling for one week.

Results and discussion
The concentrations of calcium and platinum in all the standards were computed according to the
equations (3) and (4), respectively (Tables 3 and 4). For the standards with Pt amounts in the pg range and
the concentration ratio of Ca/Pt in 1x10°~3x10’ level, results and standard values were in good agreement,
which the relative error was in range of +5.5% (Table 3). The result is consistent with that of Alfassi and

co-workers [11].

Table 3. Comparison of actual and calculated amounts of Ca and Pt in the standards with the ratio of Ca/Pt in
1x10°~3x10’ level and Pt amounts in the pg range

Sample Ca Calculated Relative Pt standard Calculated Relative
standard Ca amount error (%) value (ug) Pt amount error (%)
Value (mg) (ug)
(mg)
7 11.29 11.19 -0.9 10 10.1 0.64
8 19.61 20.01 2.0 10 9.46 -5.36
9 30.40 30.12 -0.9 10 9.67 -3.32

In the airborne particulate matter of shanghai, the concentration ratio of Ca/Pt is about 10°~10° level and
the Pt amounts is in the ng range in filter samples. Therefore, the standards whose concentration ratio of
Ca/Pt and Pt amounts are close to the actual air samples were analyzed. Results were agfeement with
standard values (Table 4), which the relative error was in range of £15%, indicating that the mathematical

correction of the interference from *'Sc daughter of “ICa is reliable. However, it is noticeable that the



calculated Pt amount is lower than the Pt standard value for three standards with the higher ratio of Ca/Pt and
lower Pt amount (Table 4). This might suggest that there is a systematic error in determination of constants a,,

a; and a; in the equation (3).

Table 4. Comparison of actual and calculated amounts of Ca and Pt in the standards with the ratio of Ca/Pt in
1x10° level and Pt amounts in the ng range

Sample Ca standard Calculated Relative Pt standard Calculated Relative

Value (mg) Ca amount error (%) value (ng) Pt amount error (%)

(mg) (ng)
24 0.786 0.872 11.0 1.00 0.85 -15
25 1.158 1.265 93 1.00 0.89 -11
26 1.701 1.622 -4.6 1.00 0.86 -14

This study is preliminary. In order to apply the method of INAA for the determination of Pt in airborne

particulate matter, more investigations are required in further study.
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Study of Organohalogens in Yogurt and Apple by Neutron Activation
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Twenty brands of Chinese commercial yogurt specimens and nine different kinds of apple samples
collected randomly from supermarkets of Beijing and Shenzhen, China, were analyzed by instrumental
neutron activation analysis (INAA) combined with gas chromatography (GC) and chemical separation
methods for total halogens, extractable organohalogens (EOX) and extractable persistent organohalogens
(EPOX). The INAA detection limits are 50, 8 and 3.5 ng for Cl, Br and I, respectively. The concentrations
and distributions of organohalogens in yogurt and apple samples were determined. The extractable
organochlorines (EOCI) accounted for 0.005 to 0.043 % of the total chlorine in yogurt and 1.6 to 5.1 % in
apple, also, about 24 % of EOCI survived as the extractable persistent organochlorines (EPOCI) after
treatment with concentrated sulfuric acid in yogurt, and 34 % in apple, which indicated that chlorine in the
two selected foodstuffs mainly exists as inorganic species and non-extractable organochlorines, and most
EOCI in yogurt and apple were acid-liable or acid-soluble fractions. The identified organochlorines (the sum
of OCP such as HCHs, DDTs, Chlordanes, heptachlor and PCB such as 52, 60, 103, 105, 128, 143, 154, 173,
182, 202, 205, 207, 208, 209 determined by GC expressed as chlorine) to total EPOCI were 0.7 to 13.1 %
and 0.5 to 6.2 % in yogurt and apple samples, respectively, which implied that a major portion of EPOCI

measured in yogurt and apple remained uncharacterized.

Introduction
Organic halogens, especially persistent organic pollutants (POPs), such as organochlorine pesticides
(OCP) and polychlorinated biphenyls (PCB), have long been recognized as a potential threat to human health
and, therefore, these compounds have been widely investigated in foodstuffs [1,2], vegetation [3,4], and the
atmosphere [5,6]. Recently, interest in using extractable organhalogens (EOX) as parameters for the
quantification of total organohalogen content in sediment [7], biota [8], and water [9] has dramatically

increased. However, there is growing evidence that traditional analytical methods such as gas



chromatography (GC) and GC-mass spectrometry (GC-MS) could only provide information about the known
POPs, which usually contributed to less than 20 % of total amount of extractable organochlorines (EOCI) in
samples. Therefore, the results could not reflect the actual POPs contamination levels [10,11]. Instrumental
neutron activation analysis (INAA) is a very convenient and quick method for halogen analysis, and is also
the only analytical method currently available for simultaneously determining EOCI, extractable
organobromines (EOBr) and extractable organoiodines (EOI) in an extract [7,8,12].

Currently, yogurt and apple are considered as a main component in Chinese diet, because of their certain
health benefits and t‘aste. Since POPs can be accumulated in organisms through the food chain, the foodstuffs
are not only POPs indicators of the environments, but also the major POPs sources entering the human
bodies, thereby causing serious health problems [13]. Thus, monitoring contaminant levels in foodstuffs are
imperative for quantifying dietary exposure to POPs. However, little information is available in literature

about the concentrations of EOX, EPOX in foodstuffs.

Materials and methods
Sample collection and preparation
Twenty brands of Chinese commercial yogurt specimens and nine different kinds of apple samples were

collected randomly from supermarkets of Beijing and Shenzhen, China, from December 2002 to February
2004. 8 to 10 cups for each brand of yogurt and about 1000 g for each kind of apple were treated as soon as
they were brought back to laboratory. Same brand yogurt samples were pooled in petri dishes and
freeze-dried until constant weight; same kind apple specimens were cut into slices before lyophilizing. The
lyophilized sample was stored in a brown glass bottle at - 4 °C for use.
Chemicals

Reagents and solvents were at least of analytical grade. Details of their preparation were described
elsewhere [1]. The quantitative standards of OCP (a~, , y, and &HCH, cis-chlordane, trans-chlordane,
aldrin, p,p"-DDE, p,p-DDD and p,p-DDT), PCB (52, 60, 103, 105, 128, 143, 154, 173, 182, 202, 205, 207,
208, and 209) were purchased from Sulpelco (Bellefonte, PA, USA). The standard solutions of OCP and
PCB were prepared by gradually diluting the original solutions of OCP and PCB in distilled n to hexane,
respectively. The Cl, Br and I standards were prepared by dissolving the appropriate amount of KCl, KBr
and KI (guaranteed reagent grade, content > 99.99 %) in ultrapure water (about 1.0, 0.50 and 0.50 pg/ml for

Cl, Br and I, respectively).



Analysis
Extraction and cleanup. The entire experimental procedure, outlined in Figure 1, is based on a

combination of INAA and GC with chemical separation [1,14].

Lyophilized sample

' I !
INAA for Cl, Br, I Soxhlet extraction Lipid analysis

!

INAA for EOCI, Br, 1

'

Conc. H,SO, treated

I
! !

INAA for EPOCI, Br, 1 GC for OCP and PCB

Figure 1. Flow chart for analysis of organohalogens in yogurt and apple samples by a combination of
INAA, GC and chemical separation.

Analysis of total halogens, EOX and EPOX. The concentrations of total halogens, EOX and EPOX in
yogurt and apple samples, expressed as chlorine, bromine and iodine, were measured by INAA according to
the methods reported by Xu et al. [14]. The jenergy spectra were measured with a high-purity germanium
detector with associated electronics interfaced to a computer to controlled multichannel analyzer (EG&G
Ortec, Oak Ridge, TN, USA) for peak area calculations. INAA was carried out at a neutron flux of 8.0x10"
n-cm™s™. Analyses were based on ypeaks from **Cl (#,, = 37.24 min, E,=1642 keV), %Br (11, = 17.68 min,
E, = 617 keV) and 1281 (1, = 24.99 min, E, = 443 keV). The quantitative results were calculated by the
relative method. The detection limits were 50, 8 and 3.5 ng for CL, Br and I, respectively. 2Na (t1p=15.0 h,
E, = 2754 keV) was simultaneously determined as a check for contamination caused by inorganic halogens
[15].

Analyses OCP and PCB. The GC analyses were carried out by a Varian 3800 gas chromatograph
equipped with a ®Ni electron capture detector, using a fused silica capillary column (CP-Sil 5 CB Low
Bleed/MS 30 mx0.25 mm i.d., with 0.25 pm film thickness). The temperature program was 130 °C for 1 min,
increased at 10 °C/min to 200 °C,  increased at 3 °C/min to 230 °C, increased at 10 °C/min to 270 °C, and
held for 7 min. Injector temperature was 270 °C and detector temperature was 300 °C. Helium and oxygen to

free nitrogen (99.999 %) were used as carrier and makeup gas, respectively. Peak identification was

— 48 —



conducted by comparing the GC retention time with those of authentic standards, and quantification of OCP
and PCB were made by external standard method calibrated with a 5-point calibration curve encompassing
the entire concentration range. The detection limits, on the basis of a signal-to-noise ratio of 3:1, were
between 0.01 to 0.06 and 0.002 to 0.06 pg/kg for OCP and PCB standards, respectively; low enough to
determine the selected OCP and PCB residues at the required levels in this study.

Lipid analysis. The lipid contents in the yogurt and apple samples were determined by hydrochloric

acid hydrolyzation according to the National Standard Method GB5009.6-85 [16].

Results and discussion

The concentrations of the total halogens, EOX and EPOX in twenty brands of Chinese commercial
yogurt specimens and nine different kinds of apple samples determined by INAA are listed in Table 1. The
concentrations of the total halogens in yogurt and apple samples were both in the order of Cl >> Br > [,
which was in agreement with the abundances of Cl, Br and I in nature. EOCI accounted for 0.005 to 0.043 %
of the total chlorine in yogurt, and 1.6 to 5.1 % in apple; about 24 % of EOCI survived as the extractable
persistent organochlorines (EPOCI) after treatment with concentrated sulfuric acid in yogurt, and 34 % in
apple, which indicated that chlorine in both yogurt and apple mainly existed as inorganic species and
non-extractable organochlorines, and most EOCI in the two foodstuffs were acid-liable or acid-soluble
fractions.

The levels of EOX and EPOX in yogurt were in the order of EOCI >> EOI > EOBr and EPOCI >>
extractable persistent organoiodines (EPOI) > extractable persistent organobromines (EPOBr) (see Table 1),
respectively, which agreed well with the results obtained for Chinese milk reported earlier [2]. But they were
different from the distributions of EOCI >> EOBr > EOI and EPOC1 >> EPOBr > EPOI in apple (see Table 1)
and the results reported by Xu et al. [14] for terrestrial vegetation, by Kannan et al. [17] for aqueous biota
and by Laniewski et al. [18] for rain and snow. The reasons for this difference may be partly attributed to the
different iodine metabolism route among mammal and vegetation. Pavelka et al. [19] demonstrated that the
two main routes of iodine excretion from body in lactating females were through the mammary glands into
milk and through the kidneys into urine. In this case, theoretically, the content of organic iodinated
compounds in milk is likely higher than in vegetation. Further, the results also indicated that organochlorines

were the main residue species of organohalogens.



Table 1. The average concentrations and range of total halogens, EOX and EPOX in yogurt and apple
samples (mg/kg, fresh weight).

Yogurt (n=20) Apple (n=9)
Lipid (%) 2.6 0.59
1.2-6.3 0.35-0.95
EOC1 0.15 0.22
0.048-0.47 0.17-0.28
EOBr 0.0013 0.0060
ND-0.0033 0.0029-0.017
EOI 0.0046 0.0020
0.0014-0.013 0.0013-0.0034
EPOCI 0.03 0.072
0.0074-0.051 0.042-0.15
EPOBr 0.00048 0.0019
ND-0.00054 0.00068-0.0037
EPOI 0.0015 0.00093
0.00046-0.0038 0.00018-0.0018
Total Cl 940 7.4
630-1500 5.0-14
Total Br 22 0.015
0.63-5.5 0.0095-0.033
Total I 0.11 0.0060
0.035-0.27 0.0031-0.011

Since no data on the concentration of organic chlorinated compounds in yogurt and apple are available,
other biological samplés are used for comparison. On the lipid weight basis, the concentrations of EOCI in
yogurt (6.3 pg/g) and apple (42 ng/g) were much lower than those of fish (595 to 2170 pg/g, lipid weight),
bird (560 to 3080 pg/g, lipid weight) at estuarine marsh near a former chloralkali plant [17]. The high
concentration of EOX in latter matrix is likely attributed to the disposal of wastes from the chloralkali

process and the bioaccumulation through the food chains. On the other hand, the direct use of OCP and low



lipid content were probably the main reasons of 6 to 7-fold higher concentration of EOCI in apple samples.
Although natural EPOCI could not be neglected, its contribution to sample is probably limited in
comparison with anthropogenic EPOC], because the most natural organochlorines with heteroatoms (oxygen
or nitrogen atom) or an unsaturated bond could be protonated or decomposed and removed from the extracts
after treatment with concentrated sulfuric acid [12,20]. Thus, a correlation (» = 0.50, P < 0.05) between the
concentrations of EOC1 and EPOCI in yogurt suggested that major fractions of EOCI and EPOCI in yogurt
samples came from anthropogenic organochlorine sources. For apple, there was a correlation between the
concentrations of EOBr and EOI (» = 0.79, P < 0.05), but no correlations between the concentrations of
EOCI and EOBr or EOI, which implied that EOBr and EOI in apple mainly came from natural source,

whereas EOCI mainly came from anthropogenic organochlorine sources.
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NoSfE

No.8
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Figure 2 Distributions of identified Cl and unidentified Cl in EPOCI of yogurt and apple samples.

The distributions of identified chlorine, that is, the sum of OCP and PCB determined by GC expressed as
chlorine, and unidentified chlorine in EPOCI of twenty brands of Chinese commercial yogurt specimens and
nine different kinds of apple samples are shown in Figure 2. The results indicated that 0.7 to 13.1 % of total
EPOCI in yogurt, and 0.5 to 6.2 % in apple, were accounted for, which indicated that a major portion of
EPOCI measured in yogurt and apple samples remained uncharacterized. The identified organochlorines
were reported to accbunt for 5 to 25 % of EOCl in fish and 1 to 14 % in birds from Georgia, United States
[17], 2 to 18 % in marine organisms from the Osaka Bay and about 59 % in Japanese human adipose [11], 25
to 50 % in herring gull eggs from the Lake Ontario [21] and about 45 % in blubber lipid of beluga whales
[10]. In contrast with the above results, a conclusion could be drawn that relative proportions of the

unidentified EOCI in yogurt and apple samples are higher than those found in aqueous and terrestrial biota.



Thus, much work on identification of organohalogens in foodstuffs is highly needed.
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WORKSHOP REPORT

NEUTRON ACTIVATION ANALYSIS (NAA) GROUP
MANILA, AUGUST 28-SEPTEMBER 1, 2006

The 2006 FNCA Workshop on Utilization of Research Reactors was held in Manila on August 28
to September 1, 2006. Representatives from nine countries participated in the Neutron Activation Analysis
Workshop: Bangladesh, China, Indonesia, Korea, Japan, Malaysia, Philippines, Thailand and Vietnam.
Bangladesh was present as an observer.

Dr. Mitsuru Ebihara gave the perspectives for the meeting. The NAA project is now in its second
phase. The first phase dealt with the analysis of airborne particulate matter. It had a secondary objective: the
introduction of NAA-Ko for the analysis of airborne particulate matter. In the current phase, the participants
selected the type of environmental sample to be analyzed by NAA. It has a secondary objective: to
demonstrate before national environmental authorities the advantages of NAA for environmental analysis
and promote its use in the formulation of environmental policies.

The participants reported on the current status of environmental sample analysis and the
reflection of INAA results to environmental authorities. They also presented their respective work plans for
2007. The meeting also discussed possible topics for the third phase of the NAA project.

I. Current Status of environmental sample analysis by NAA

Participants reported on the progress of environmental sample collection and analysis in eight
countries. The representative from Bangladesh, which has just joined the Group, reported on current work
being undertaken by utilizing INAA.

China

Airborne particulate matter in the PM2.5/PM10 range was collected from Liangxian Town,
Beijing using the Gent sampler. Samples were analyzed by ko-INAA for about 40 elements. Data
interpretation has been carried out by using a statistic software, Statgraghics Plus. Four principal factors
have been found at the two sampling sites. Correlation among elements was analyzed.

Indonesia
The NAA technique has been used in the monitoring of environmental pollution at North Coastal

of Banten Province and the Bay of Jakarta. Marine samples of water, sediments and biota have been collect
from 13 sampling points at Banten Province and 33 sampling points of The Bay of Jakarta. Quantitative



analysis has been done by using a standard procedure of k,-INAA. Analytical quality control was attained by
the use of certified reference materials of NIST 2702 Marine Sediment, NIST 1566b Oyster Tissue and
NIST No. 9 Sargasso. The concentrations of interested elements in the water and sediment samples were
determined and are presented in this workshop. The results of analytical quality control of k,-INAA by using
k,-IAEA software have been also reported and discussed.

Japan

PM10 particulate matters (coarse and fine fractions) have been collecting in Hachioji and Sakata
in Phase-II and samples are analyzed by k¢-INAA. In addition to collecting PM10, collecting PM2.5
particulates at Koto, in downtown Tokyo, was started on Aprile, 2006 in cooperation with Tokyo
Metropolitan Research Institute for Environmental Protection. SPM concentration and almost elemental
concentrations of SPM in Hachioji and Koto was not so different each other during April to July, 2006. In
Koto Mn concentrations were two time higher than in Hachioji. Cape Hedo in Okinawa is also a new
sampling site. PM10 and PM2.5 particulates were collected tentatively in cooperation with National Institute
for Environmental Studies. Elemental concentrations for V, Mn , Cu, Br, and I were lower than average
concentrations in Sakata, rural site in Phase L.

Korea

Air particulates (< 2.5 um EAD, PM,;) were collected at Chungnam National University in
Daejeon city in the Republic of Korea. An annnular denuder air sampler and polycarbonate membrane filters
were used for the collection of PM, 5. Sixty samples were collected from August 2005 to March 2006. Mass
concentration of PM, s was determined by the sampling dates. Twenty eight elements including Al, As, Cr,
Mn, etc., were analyzed by using INAA and the concentration of the measured elements could be
determined. In addition, the black carbon concentration was measured by the reflectance method. The mean
value of mass concentration and the ratio of black carbon of PM,s were 31.6 ptg/m3 and about 18%,
respectively.

Malaysia

Trace and toxic elements were determined in marine sediments collected from the Strait of
Malacca, Malaysia. Samples are collected at 18 sampling locations at the Strait of Malacca. Results show
that toxic elements namely As, Sb, V and Zn were relatively high in some sampling location. Major
contributing sources of these toxic elements are from anthropogenic activities within the sampling area.
The outcome of this project is to provide information regarding the recent status of trace and toxic element
concentration presence in the marine sediment collected from the sampling location at the Strait of Malacca.
This information is vital in the understanding the pollution level at the Strait and hence a proper control
measures may be taken by the relevant authority to control the level of pollution and to protect the natural
environment of the Strait of Malacca.

Philippines

The Philippine station for the FNCA project is located at Valenzuela, an industrial area in Metro
Manila. This is one of two stations operated by the PNRI in Metro Manila which is co-located with an
Environmental Management Bureau real-time monitoring station. Annual summary data for PM2.2 and
PM10 for 2004 and 2005 indicate significant increase in concentration for 2005. Multielement
characterization of air filters is performed by secondary target XRF spectrometry. Peaks in concentration of
some elements on certain days as seen in time series charts indicate association among elements and can
provide information on the contributing pollutant source. The availability of trace element data from NAA is
useful in verifying results of source apportionment or identifying the cause of abnormal events leading to
peaks in concentration observed on particular days. is useful in determining the source of pollution.
Technical cooperation among a regional scientific community such as FNCA will enhance acceptability of
nuclear analytical techniques in the region.

Thailand

An air pollution study of Saraburi Province, Thailand was presented. The area has been facing
difficulties due to high dust generating industries. The work is done under a contract agreement with the
Pollution Control Department, Ministry of Natural Resources and Environment. The elemental
composition of SPMs, soils and fly ash in Saraburi Province are being monitored. The samples were
collected quarterly from May 2005 to March 2006. The average weight of SPM was found lowest in wet



season and highest in the middle of dry season. The analytical techniques use for elemental analysis is
Wavelength Dispersive X-ray Fluorescence. The elements found are Na, Mg, Al, As, Sr, Br, Si, P, S, Cl, K,
Ca, Ti, V, Mn, Fe, Co, Cu, and Zn. Calcium is selected as the key elements since most postulated source of
pollution is due industrial utilization of the limestone deposit.

Vietnam

Samples were collected from the coastal area of Nhatrang and Ganhrai bay. Sampling and sample
preparation techniques for major, minor and trace elemental analysis in marine environmental samples have
been investigated and some preliminary work on sample analysis has been performed. More than 20
elements in marine environmental samples in Nhatrang and Ganhrai bay could be measured. It indicates that
both INAA and Radiochemical Neutron Activation Analysis (RNAA) methods can be used for the
determination of elements in sediment, seawater and biota samples by directly or after sample treatment for
chemical separation either volume reduction or preconcentration.

Bangladesh (Observer)

Arsenic concentrations in human hair samples of a highly polluted site namely Boro Dudpalila
village, Damurhuda, Chuadanga and nonpolluted sites of Goainghat & Sylhet Sadar thanas were determined
using instrumental neutron activation analysis (INAA) technique. Samples were irradiated in the TRIGA
Mark-1II research reactor of Atomic Energy Research Establishment (AERE), Savar, Dhaka, Bangladesh and
PARR-2 of Pakistan Institute of Nuclear Science & Technology (PINSTECH), Islamabad, Pakistan at a
thermal neutron flux of order 10'2 n/cm®/s for 3 hours. Ranges of arsenic concentrations in Chuadanga and
Sylhet samples were found to be 1.04+0.06 to 48.66+1.32 and <0.20 to 0.84+0.04 ppm, respectively.
Minimum detection limit of arsenic in the hair samples was found to be 0.20 ppm. All Chuadanga samples
exceeded the normal level of arsenic in human hair (1 ppm). In the study it was found that both males and
females are affected and there was generally no consistency in the arsenic levels in hair of the members of
the same family.

I1. Reflection of INAA data to environmental authorities

All the participants are doing environmental sampling and applying NAA for analysis for use of
varied end-users e.g. national and regional environmental offices, the scientific community, international
development organizations concerned with sustainability of the environment. The manner and extent by
which data are made available to policy makers varies among countries depending on the degree of
development of the institutions for environmental management. Participants have initiated moves to
establish direct or indirect link-up with end-users of data, including national government authorities. A
number of participants have formal collaboration with national and regional environmental ministries for the
application of INAA in studies in support of policies for the environment.

China

The present work is being implemented under contract with the Environmental Protection Bureau
of Fangshan District. The implementation of air pollution study by using NAA and related techniques helps
the local government in the investment for improving the quality of environment.

Indonesia

The present project is being carried out in cooperation with the local environment
administration of DKI Jakarta and Banten Province for the management of the marine environment. The
study aims to map out the heavy metal concentration at the Jakarta Bay and determine the distribution of
heavy metals at different compartments of the environment.

Japan

Two joint works with scientists of the National Institute of Environmental Sciences, which
belongs to the Ministry of Environment, have been conducted; air monitoring at Okinawa and NAA of SPM
reference sample. Results will be reflected to the administrative policy for protecting pollutants under the
authority of the Ministry of Environment.

Korea
Air monitoring in Daejeon has been carried out in collaboration with the Chungnam National
University as research and development projects supported from Ministry of Science and Technology and



from Ministry of Environment.

Malaysia

The Atomic Energy Licensing Board is funding its marine pollution project utilizing INAA due to its
advantages reliability in the analysis of various samples. @ More time is required so that the INAA
technique will eventually appeal to the environmental administration in Malaysia and may find this
technique useful for their analytical requirements.

Philippines

The Philippine Nuclear Research Institute has ongoing collaboration with the Environmental
Management Bureau in various areas of environment. It has served in Technical Working Groups organized
by the EMB. Two of its stations are co-located with EMB air monitoring stations. The PNRI contributed
data to the 2002 and 2003-2004 National Air Quality Status Report. A contract for PM10/PM2.2 monitoring
at a new site in Davao City Mindanao has just been finalized with the USAID Energy and Clean Air Project.

Thailand

The data is being utilized by the Air Quality and Noise Management Bureau, Pollution Control
Department, Ministry of Natural Resources and Environment, the environmental authority in Thailand under
an official agreement. The authority will use this data to find possible solution for air quality improvement
of the area. This project demonstrated the close collaboration on the recognition on the effective utilization
of nuclear analytical techniques by the environmental authority in Thailand. This is expected to lead to
stronger future collaboration between the two parties..

Vietnam

Dalat Nuclear Research Reactor with thermal power of 500 kW has become a scientific facility for
carrying out NAA. During the past two decades, based on NAA methods in combination with other
analytical techniques, Dalat Nuclear Research Institute (DNRI) has carried out many programs such as:
National Research and Development Programs, Co-ordinated Research Projects with other organizations in
Vietnam.

I1I Work Plan for 2007

Several countries will continue present work identified in the work plan spelled out in 2005.
(Indonesia, Japan, Korea, Malaysia, Philippines, Vietnam.) Bangladesh, which has just joined the project
will apply INAA for the analysis of water, soil, rice, vegetables, human hair samples, industrial waste, diet
samples as indicators of the levels of As pollution. China will participate in the analysis of vegetables,
human hair, fruit, oysters samples for use as certified environmental reference materials. In addition to the
present work, Japan will collaborate with NIES scientists in air pollution studies, particularly in air
monitoring at Hedo, Okinawa. It will also participate in the preparation of manual for SPM analysis where
INAA can be included. It will make representation with the NIES for inclusion of participants of the NAA
project in the round-robin exercise being planned for 2007. Thailand will undertake a new project involving
the monitoring of sediment and biota at Thalenoi Bay, a marine reserve.

IV. Other matters
1. Report for the First Phase of the Project

So far only 2 countries have submitted the Report for the First Phase of the Project on air particulate
analysis, covering 2002-2004 (Indonesia and Malaysia). Many countries reported that work is in progress. A
new deadline was set for the submission of the report to Prof. Ebihara, the end of Cctober 2006.
2. Project database

The project database from the participating countries has been compiled by Mr. Wee Boon Siong
(Malaysia) and is ready for uploading at the FNCA web site. A chart containing annual means for each

country was prepared. There were comments regarding the plan to have free access to the web site including
download of raw data. It was agreed that an additional control would be instituted - user registration for



those who wish to download data.
3. Assigned tasks

Of the assigned tasks, only the common paper on airborne particulate matter was completed. A
paper “Collaborative monitoring study of airborne particulate matters among seven Asian Countries” by M.
Ebihara, Y. S. Chung, W. Chueinta, B. F. Ni, T. Otoshi, Y. Oura, F. L. Santos, F. Sasajima, Sutisna and A. K.
B. H. Wood, was accepted for publication in the Journal of Radioanalytical and Nuclear Chemistry, Vol. 269,
No. 2 (2006). Another publication is in preparation and is expected to be completed at the end of November,
2006).

The following tasks have not been completed:
* Paper on the comparison of SPM data between INAA and XRF (F. L. Santos & Y. Oura).
*  QA/QC on INAA for small samples (W. Chueinta) —
* Comparison of NAA data from different ko software (Ho. M. D.)

Delay in the comparison of XRF and INAA was due to breakdown of the PNRI XRF spectrometer
which prevented further validation of analysis. With completion of analysis of CRM for air particulate
matter on air filter, it is believed that there is now sufficient basis for completing the paper. A new deadline
has been set, the end of November, 2006. For the 2 remaining tasks, the responsible persons were not
present at the meeting. Information on their status will be obtained.

V. Future Plans for Third Phase of the Project

After extensive discussion, the group agreed that NAA is one of the major research reactor
utilization in each country. NAA has greater elemental coverage than other analytical techniques and data
have had great impact in environment, health, agriculture, material science, etc. It is believed that it could be
an effective tool to promote socio-economic benefits in the region. The group strongly recommends the
continuation of the project after the termination of the present program in March 2008. Possible areas of
study for the third phase of the project are the following:

1. Prompt gamma neutron activation analysis

2. RNAA which can provide data not possible with INAA
3. Forensics

4. Food safety and nutrition

5. Archeology and art

6.

Environment and health
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