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SUMMARY

I. Project Title

Applied Research and Development of Neutron Activation Analysis

1l. Objective and Importance of the Project

With the recent development of a high performance gamma-ray counting
system including the high resolution of an HP Ge-semiconductor detector and
multichannel analyser coupled to PC, Neutron Activation Analysis{NAA) has
become one of the most powerful mehtods in Nuclear Analytical Techniques,
NAT, for the non-destructive simultaneous multi-element analysis of trace
level components in various samples. The capability of rapid and accurate
analysis for a variety of samples with the help of a computer and automation
makes instrumental NAA a wide application.

In connection with the implimentation of a national standard system, the
service of powerful, highly sensitive and reliable analytical method is
indispensible to apply quality control and quality assurance for basic science,
applied research and development, and industrial applications. In the case of a
developed and/or advanced country, NAA has been strongly applied for
diverse research and development. Therefore, international standardization for
the procedure of NAA should be well established to overcome international
trade barriers and the capability of wide and various applications should be
maintained to increase international competitive power. For these objectives,
the maximization of utilization for a research reactor, which is a nationally
huge research facility, the establishment of relevant fundmental techniques
and practical use are absolutely necessary. From a social aspect, it is also
important to enlarge the level of public accéptance for nuclear energy by
advertisement of the repercussion effects that applications of radioisotopes and

radiation in medical, life science and industries are contributing to the
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improvement quality of life. The formation of a consensus that nuclear power

does benefit the general public is needed.
lll. Scope and Contents of the Project

1) Improvement of neutron irradiation facilities, counting system and
development of an automatic system for NAA in HANARO.

The connection of a diverter that consists of Aluminum and polyethylene
tubes is replaced to remove the instability of capsule transfer using a
coupling method. The installed NAA facilities(PTS #1 & #2) have some
problems with radiation exposure for workers and the indoor activity level
when the system is operating. It was assumed that both the irradiated sample
and the activation of Ar gas induced a high activity level in the PTS tube,
and we first intended to change the supplying-gas. On the other hand, when
the irradiated sample was taken out, we also intended to insure the worker’s
safety for radiation exposure using two remote-controlled receivers in the
shielded area due to the produced activity. For stable and effective operation,
integrated operation software, including an improved automatic irradiation and
counting system in PTS #2 and integrated calculation software for NAA were
upgraded. For the manufacture of irradiation capsule for PTS, accurate
analytical methods for polymeric material by NAA have been developed and
the characteristics of irradiation for a polyethylene capsule was examined.

When the irradiated sample was counted for long half-life nuclides, due to
the long counting time of a number of samples, it was intended to reduce
the time-consumption of the analysis and to remove interruptions for
continuous work by the operation of the counting system connected with an

automatic sample change system.

2) Improvement of analytical procedures and establishment of an analytical
quality control and assurance system.
To establish an accurate, precise routine analytical system for

environmental and biological samples, the development of analytical procedures



and maintainance of the traceability of measurements using standard reference
materials(SRMs) have been implemented. Selectivity, sensitivity and
characteristics for various NAA methods(INAA/ENAA/RNAA) have been
investigated to remove or to reduce the matrix and interference effects
applying to the above-mentioned samples, that is, to establish optimum
analytical procedures.

In a study on analytical quality control and assurance, we participated in a
data intercomparison study to verify the reliability and validity of data and
also participated in proficiency test that was implemented by the IAEA and
KOLAS to qualify the best measurement capabilities under the laboratory

accreditation scheme.

3) Applied research and development for the environment, industry and
human health by NAA and its standandization.

Recognition and regulation for environmental pollution, which is caused by
rapid industrial development, urbanization, vehicle increment, etc., and public
concerns about clean, comfortable surroundings have increased. For these
reasons, intensive efforts to control pollution sources and to examine
contamination levels through the analysis of various environmental samples
such as air, water, soils, animals and plant materials are being followed up.
The establishment of standardized routine analytical methods for heavy metals
and toxic elements are necessarily as a first step to clarify pollution source.
Sinc_e air dust contains many kinds of elemental components which are
derived from natural and anthropogenic origin, it has been used as an air
monitor sample. When the mass concentration of PM3zs/PMiy and elemental
concetration are high, the impact on human health is specially influenced for
a short and long period. After accurate analytical procedures for the analysis
of trace elements in biological énd environmental samples and air pollution
monitoring by NAA, which was evaluated as a cost-effective technique to
control the air environment, are established, the samples collected from
polluted and cleaned areas will be analyzed and the origin of each element is

estimated using factor analysis and the relationship between the parameters



of the samples will also be investigated.
In addition, analytical quality is verified through performing an international
cooperation project and joint coordinated research with the expansion of

analytical subjects.

IV. Results of the Project

1) Improvement of neutron irradiation, the counting system and the
development of an automatic system for NAA in HANARO

The connection part of 13 diverters using the coupling method were
completed and an examination of stability and function was carried out. To
improve the NAA facility in HANARQO and to bulid up a number of data for
a characteristic test for irradiation, a semi—automatic PTS #1 receiver and
controller for the return of a sample rabbit irradiated for a long period of
time was manufactured and installed in the sample storage room. The PTS
#2 receiver, which was semi-automatically operated for short irradiation(1-2
min.) was manufactured and set up in a shielded box in the hood. The
software programs for the operation of PTS #2 were developed and upgraded.
The air pressure system was changed into a system supplied from liquid
nitrogen.

Two kinds of irradiation capsules for PTS were manufactured using a high
density polyethylene material produced by the domestic industry and some
stability and physical tests such as heat-resistance, radiation-resistance and
mechanical characteristics were also carried out. Five Kkinds of inner
capsules(volume: 1~10ml) and two kinds of outer capsules(volume: 5~20 ml)
made of pure high density polyethylene for the preparation of a small sample
were designed to assemble the capsules as a combination of various
configurations and manufactured by our techniques. The lid of the capsule
was made as a snap-cap type to easy opening and shutting and to avoid
heat sealing. The impurity concentration of the produced capsules were

measured for the use of radiation protection and the safety of the workers.
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Because a commerical automatic sample changer for gamma-ray counting is
expensive, a domestic product was designed and manufactured so that the
device operated according to the selected counting conditions and the size of
the sample capsules.

The Software for gamma-ray analysis (GammaVision) and an integrated
computer DOS program for NAA was converted into a. program for
WINDOWS and the YZK problem was solved.

2) Improvement of analytical procedures and establishment of an analytical
quality control and assurance system

With the analysis of six kinds of biological and environmental standard
reference materials(NIST SRM : Peach Leaves, Citrué Leaves, Total Diet,
Bovine Liver, Oyster Tissue, Wheat Flour), the analytical error was
identified(15 elements were within 102 of the relative error, and 20 elements
were within 15% of the relative standard deviation) and a radiochemical
separation procedure(RNAA) for U and Th to improve the analytical
sensitivity(> 0.5 ng) was developed by using the co-precipitation and ion
exchange resin methods and the ENAA method for I and Sr determination
(sensitivity : >0.1 ppm) was also examined.

The fundmental qualification(quality system, staffs, devices, method, facility
and environment) for the application of the Korea Laboratory Accreditation
Scheme (KOLAS) was prepared, and education and training for practical
application, evaluation of measurement uncertainty and proficiency test were
performed.

To verify the reliability and wvalidity -of the analytical results,
intercomparison studies between laboratories for twelve kinds of samples such
asAdust, soil, coal fly ash, sediment, algae, etc., were carried out and excellent

results were obtained.
3) Applied research and development of the environment, industry and human

health by NAA and its standandization.

A study on the development of analytical methods and the standardization
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of a procedure for the analysis of airborne particulate matter were carried out
using standard reference materials(INIST SRM 1648, NIES CRM-8) and the
laboratory intercomparison work.

An air pollution monitoring study was performed by using NAA and a
Gent stacked low volume sampler and membrane filter(coarse particle : 2.5~
10 #m, fine particle : <25 gm). The air samples were collected from urban,
rural and urban industrial area. The concentration of impurities in the blank
filters were estimated and used as a correction factor. The concentration of
heavy metals, trace elements and total suspended particulate matter(TSPM) in
the air were measured for the sampling period(1997~1999) and the sampling
areas(rural, residential/industrial area). From the measured data, the air
pollution source was statistically treated with a presumption of the source
origin and a correlation analysis between TSPM and the elements.

Concerning the applied research on human health and the environment
using NAA of biological samples, five kinds of biological standard reference
materials were analyzed and the measurement error of the analytical results
was evaluated. The amounts of trace elements in the air dust samples
collected from inside of a foundry working place were analyzed and the
distribution of trace elements in the hair and blood of corresponding workers
were measured to investigate a correlation. In addition, the identification of
the elemental distribution in healthy supplementary foodstuffs, the comparison
of component elements of six kinds of herb medicines in Korea and China,
the distribution of trace elements in the Korean total diet and representative
foods were studied.

In connection with the analysis of trace elements in plastics(raw material
and fabricated products) using NAA, the identification of the results by NAA
and comparison with those by the XRF and ICP methods, the optimum
analytical conditions for NAA were determined, a new freezing-crushing
technique for the preparation of a polymer sample was developed, the analysis
of inorganic components and additive agents in plastic materals(PE, PP) was
carried out for the manufacture of irradiation rabbits and sample capsules,

and the elution charateristics of toxic elements in plastic materials was also
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evaluated.

After the arithmetic mean of toxic heavy metals (As, Cr(6), Ni, Be, Cd) in
the air dust of an industrial area in Taejon was calculated, the health risk
assessment and the contribution of contamination were evaluated.

In relation to the implementation of an international cooperation project
(UNDP/RCA/IAEA Project), regional coordinated research on the subject of
interest between the member states(The Use of Isotopes and Radiation to
Strenthen Technology and Support Environmentally Sustainable Development:
Nuclear Analytical Techniques) were examined to attempt technical

collaboration.

V. Applications for Results of the Project

1) Application for the establishment of a foundation to activate common
utilization of HANARO.

2) Supplying data with reliability and wvalidity through the contruction of a
quality system(ISO/IEC 17025) of tests and analysis which is suitable for,
a national and international standard(analysis and conformity asscessment :
metrology, standards, testing, quality).

3) Improvement of the best measurment capabilities for test analysis using a
national and international proficiency tests(promotion for applicability of
NAT).

4) Application in the fields of basic and applied research and development,
industrial production, and tests and examinations as a QA/AC technique(
analysis and international trade).

5) Contirbution to the improvement of public welfare and quality of life by
applying to the fields of industries, human health and environmental
pollution.

6) In the case of that an NAA laboratory becomes KOLAS, it is expected
that an analytical service using NAA will be activated and the application

fields will be expanded by persistent enlargement of the test items.
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listed elements in JAEA-0390 algae materials.

Data intercomparison with IAEA results for JAEA-0391,

low level. '

Data intercomparison with IAEA results for IAEA-0392,
Environmental level.

Data intercomparison with TAEA results for JAEA-0393,
Contaminated level.

The analytical results of the standard reference materials by
Instrumental Neutron Activation Analysis.

Analytical results of Estuarine Sediment, NIST SRM 1646.
Analytical results of Buffalo River Sediment, NIST SRM 2704.
Analytical results of Marine Sediment, NRCC CRM BCSS+1.
Data intercomparison between laboratories for IAEA’s sediment
samples(SED-1).

Data intercomparison between laboratories for IAEA’s sediment
samples(SED-2).

Estimation of analytical results of IAEA’s sediments between
laboratories(n=4).

Analytical data between laboratories for KORDI's coastal sediment
samples.

Data intercomparison between laboratories for KORDI’s coastal
sediment samples(I). Unit : mg/kg.

Data intercomparison between laboratories for KORDI’'s coastal
sediment samples(II). Unit : mg/kg.

Estimation of analytical results of KORDQO’s coastal sediments
between laboratories.

Nuclear data and elemental concentrations obtained from natural
water using Neutron Activation Analysis.

Nuclear data and elemental concentrations obtained from natural
water using Neutron Activation Analysis.

Nuclear properties of nuclide and the concentration level and
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sensitivity of uranium in natural fresh water.

Table 37. Result of standard addition method of uranium to groundwater
sample.

Table 38. Comparison of analytical results between various methods.

Table 39. Content of uranium in groundwater collected with sampling
date using direct method(**U).

Table 40. Content of uranium in groundwater collected from sampling
sites of Choongchung area using direct method(®*V).

Table 41. Example of report of estimation on measurement uncertainty.

Table 42. KOLAS Proficincy Test of geological sample(99-9A, 99-9B).

Table 43. Blank elemental concentrations in membrane filter used in low
volume sampler.

Table 44. Elemental composition of filter materials(ng/cm?.

Table 45. Monthly meteorological data with sampling period.

Table 46. Analytical results of airborne particulate matter at urban site
monthly (ng/m’).

Table 47. Analytical results of airbome particulate matter at rural site
monthly{ng/m').

Table 48. Elemental concentration in TSPM of urban area.(’96.04-'98.05)

Table 49. FElemental concentration in TSPM of rural area.(’96.04-'98.05)
Table 50. Correlation matrix for environmental analytical data of urban area.
Table 5l. Correlation matrix for environmental analytical data of rural area.
Table 52a. Analytical results of air pollution monitoring at Taejon site(DC).
Table 52b. Analytical results of air pollution monitoring at Taejon site(DF).
Table 52c. Analytical results of air pollution monitoring at Taejon site(XC).
Table 52d Analytical results of air pollution monitoring at Taejon site(KF).
Table 53. Monthly mass concentration(uzg/m’) of TSPM at sampling areas.
Table 54. FElemental concentration with particle size and its ratio.
Table 55. Ratio of elemental concentration for non-working day and
working day.
Table 56. Enrichment factor and its ratio of the elements with sampling site
and particle size.

Table 57. Enrichment factor and its ratio between non-wodrking day
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Table 58.
Table 59.

Table 60.
Table 61.

Table 62.

Table 63.

Table 64.

Table 65.

Table 66.

Table 67.

Table 68.

Table 69.

Table 70.

Table 71.

Table 72.

Table 73.

Table 74.

and working day with sampling site and particle size.
Correlation coefficients between of elements, Sc and TSP.
Monthly mass concentration(ug/m’) of black carbon at sampling
areas.

Analytical conditions for the detection of nuclides in PE.
Analytical results of NIST 1632b coal SRM for the evaluation of
NAA procedures(ppm).

Trace elements in various polypropylene pellets by NAA and
ICP-AES(ppm).

Trace elements in plastic containers and their row materials by
NAA (ppm).

Analytical results of inorganic elements in nineteen LEGO toys
from Korean markets (ppm).

Concentration and leaching properties of LEGOs by ICP-AES and .
NAA( (unit : ng/cm).

Variations of specific activity as a function of storage period in
2~5% HCI/LDPE bottle.

Variations of specific activity as a function of storage period in
2~5% HCI/HDPE bottle.

Variations of specific activity as a function of storage period in
2~5% HC/PP System. |

Variations of specific activity as a function of storage period in
2~5% HCl/amber-HDPE bottle.

Variations of specific activity as a function of storage period in
2~5% HCI/Glass bottle.

Variations of specific activity as a function of storage period in

. 2~5% HNO#LDPE bottle.

Variations of specific activity as a function of storage period in
2~5% HNOs/LDPE bottle.

Variations of specific activity as a function of storage period in
2~5% HNO3/PP bottle.

Variations of specific activity as a function of storage period in
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2~5% HNQOz/amber-HDPE bottle.

Table 75. Variations of specific activity as a function of storage period in
2~5% HNOz/Glass bottle.

Table 76a. Daily food consumption of Korean people.

Table 76b. Daily food consumption of Korean people(continued).

Table 77. Analytical result of Korean total diet by NAA.

Table 78. Analytical result of Korean boiled rice by NAA.

Table 79. Analytical result of Korean kimch'i by NAA.

Table 80. Analytical result of mackerel by NAA.

Table 81. Analytical result of Korean mixed pork and beef by NAA,

Table 82. Elemental concentration in supplementary foods.

Table 83a. Elemental concentration of Korean and Chinese medicine by
INAA.

Table 83b. Elemental concentration of Korean and Chinese medicine by
INAA.

Table 83c. Elemental concentration of Korean and Chinese medicine by
INAA.

Table 83d. Elemental concentration of Korean and Chinese medicine by
INAA.

Table 83e. Elemental concentration of Korean and Chinese medicine by
INAA.

Table 83f. Elemenyal concentration of Korean and Chinese medicine by
INAA.

Table 84. Elemental concentrations in different biological materials and air
to see elemental deposition in hair.

Table 85. Airborne concentration of toxic metal in PM-10 in 1999.

Table 8. Average carcinogenic risk by toxic metals from inhalation
exposure in Taejon 1,2 industrial complex.

Table 87. Non-carcinogenic risk by toxic metals from inhalation exposure in

Taejon 1,2 industrial complex.
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Figure 1. Diagram of PTS facilities for INAA.

Figure 2. Diagram of control circuit for PTS #1.

Figure 3. Electronic diagram of controller for PTS #1.

Figure 4. Connection between photosensor and controllér for PTS #1.

Figure 5. Photograph of Pneumatic Transfer System #1.

Figure 6. Diagram(Mimic Board) of PTS #2, |

Figure 7. Emergency control switch of PTS #2.

Figure 8.  Photograph of Pneumatic Transfer System #2.

Figure 9. Thermal neutron flux monitoring of irradiation hole(NAA #1) at
20MW thermal power.

Figure 10a. Main manu of PTS #2 for computer operation.

Figure 10b. Automatic processing manu of PTS #2 for computer operation.

Figure 10c. Manual processing manu of PTS #2 for computer operation.

Figure 11. Manu for remote monitoring using available Internet.

Figure 12. Main manu of Labview program for INAA.

Figure 13. Shap and description of irradiation capsules for PTS.

Figure 14. Shap and description of irradiation sample capsules.

Figure 15. Schematic diagrams of automatic sample changer(a-c).

Figure 16. Sample loaders and automatic sample changer for INAA.

Figure 17. Gamma-Ray spectrometry system for INAA.

Figure 18. Schematic diagram of the SFU sampling line.

Figure 19. Blown-up view of the black polyethylene container with a
stacked filter cassette inside.

Figure 20. Stein Smoke Reflectometer for measurement of black carbon.

Figure 21. Energy calibration of Gamma-Ray spectromefric system.

Figure 22. Efficiency calibration of Gamma-Ray spectrometric system.

Figure 23. Radiochemical separation scheme for the determination of
U**Np).

Figure 24. Radiochemical separation scheme for the determination of Th(*°Pa).

Figure 25. Diagram of analytical procedure for APM sample by INAA.
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Figure 26.
Figure 27.

Figure 28.

Figure. 29

Figure 30.

Figure 31.

Figure 32.

Figure 33.

Figure 34.

Figure 35.

Figure 36.

Figure 37.

The loading process of dust sample on the filter.

Graphical presentation of z-score for the measurand in urban
dust.

Graphical presentation of z-score for the measurand in loaded
filter.

Data intercomparison by statical evaluation for Al in urban dust
on air filters and in urban dust.

Data intercomparison by statical evaluation for Cr in urban dust
on air filters and in urban dust.

Data intercomparison by statical evaluation for Mn in urban dust
on air filters and in urban dust.

Graphical presentation of z-score for the measurand in IAEA-
0391.

Graphical presentation of z-score for the measurand in IAEA-
0392.

Graphical presentation of z-score for the measurand in [AEA-
0393.

Data intercompatison by statistically evaluation for As of IAEA
-0392, IAEA-0393.

Data intercompatison by statistically evaluation for Cr of IAEA
-0391, IAEA-0392, IAEA-0393.

Data intercompatison by statistically evaluation for Co, Cu, Zn of
IAEA-0391.

Figure 38. Data intercompatison by statistically evaluation for Br, Sc, V of

[IAEA-0392.

Figure 39. Data intercompatison by statistically evaluation for Cd, Hg, Ti of

Figure 40.
Figure 41.
Figure 42.
Figure 43.

IAEA-0393.

Graphical presentation of z-score for elements in JAEA-0327N.
Graphical presentation of z-score for elements in IAEA-0394.
Graphical presentation of z-score for elements in IAEA-0395.
Graphical presentation of z-score for the measurand in Korean

Marine sediment.
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Figure 44.
Figure 45.
Figure 46a.

Figure 46b.

Figure 47.

Figure 48.

Figure 49.

Figure 50.

Figure 51.

Figure 52.

Figure 53.

Figure 54.

Figure 55.

Figure 56.

Figure 57.

Figure 58.
Figure 59.

Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.

Calibration curve of U Standard Solution.

Gamma-ray spectra of 29U and 23ng in water samples.
Gamma-ray spectra of U in water samples.

Gamma-ray spectra of U in water samples.

Mass concentration distribution of PM2s/PMjo particles with
sampling date. _

Seasonal distribution of mass concentration of air filtered
sample(PMzs/PMio).

Average concentration distribution of PM2s/PMjo particles collected
in urban and rural site.

Seasonal average concentration of trace elements in APM

at urban site.

Seasonal average concentration of trace elements in APM

at rural site.

Enrichment factors vs. elements for fine and coarse airborne
particulate matter.

Typical results of regression analysis for the crustal
origin element(Fe) vs. Sc and TSPM.

Typical results of regression analysis for the athropogenic origin
element(As) vs. Sc and TSPM.

Monthly variation of mass concentration of TSP.

Ratio of elemental concentration between PM2s and PMio.
Ratio of elemental concentration between non-working day and
working day. ‘

Ratio of enrichment factor between PM2s and PMio.

Ratio of enrichment factor between non-working day and
working day.

Monthly variation of crustal origin elements.

Correlation between crustal origin elements and Sc.

Monthly variation of anthropogenic elements.

Monthly variation of black carbon concetration(PMzs).
Correlation between BC and TSP(PMzs).
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Figure 65.
Figure 66.

Figure 67.
Figure 68.
Figure 69.
Figure 70.

Figure 71.

Flow chart for the preparation of large plastic samples.
Elemental concetrations in indoor air, human blood and human
hair.

Radiochemical separation scheme for determination of Sr(¥™Sr).
Radiochemical separation scheme for the determination of 1(*28).
Procedure of sampling, analysis and risk assessment.

Average concentration and standard error of carcinogenic
metal(1999).

Average concentration and standard error of non-carcinogenic
metal(1999)
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7F. @FA A WA R (Thermal Neutron Activation Analysis)
- Use of elemental or enriched isotopic(activable) tracer : 8¢y, 58Fe, ®Cu,
ISBSm, msDy
- Background reduction : Multisample 8- ¥ coincidence spectrometry,
simultaneous counting(Planer and coaxial Ge detector)

- Application of computational techniques : Optimization of NAA parameter,



automated Gamma-ray counting and data processing

- Use of standards : Monoelemental standard, Preparation and use of
primary standard

- Multielemental analyses : Bulk sample with complex matrix

- Use of short-lived activity(short irradiation) : Counting system for signal
analyzing and analysis of spectra, application of cyclic NAA

- Program development: Absolute NAA(Ko factor), single comparator method

- Combination with other techniques such as ion beam analysis, Mossbaur

spectrometry, AAS, ICP-MS/AES, XRF, PIXE SIMS, HPLC, etc.)

. EeFAl A WAL EHE-A (Epithermal Neutron Activation Analysis)
AstAle]l e Y% EAV|e=2 P Al Si, Tl Cu Mg, As, Cr, Ni,
Halogen, U, Th %

- Use of multi-isotopic flux ratio monitor{Zr)

- Examination of reactor neutron factor and resonance energy

- Application of Filtered Epithermal NAA : Use of W, Na, Hf filter

o}, whatsbebE FA b WAL 3R] (Radiochemical Neutron Activation Analysis)
2o FE7](Detector & MCA)Y] 45 o2 INAA 9 o]&& Hust
A glovt EAdAE BHGME BAZEE AA7IE £AF ] debd s
Interfering Radionuclides : *Na, *P, *Cl, K, ¥Br 5. waty A 8E WA
3tA17)7] Aol & Fol Interference & A e EXHUAA9 E7t ¥Q
. RNAAS A5 n3¥ Ag2 vZdasistst &

reagent contamination o™ FQ wW3lEA 2z ey oo

e
i,

adsorption loss,

- Transfer of irradiated sample

Addition of carrier

- Mineralization of sample

|

Chemical seperation of interfering radionuclides and/or interesting
radionuclides
- Determination of chemical yield

—- Computer controlled chemical separation



g, 22 7old 9ALEHE A (Prompt Gamma Activation Analysis, PGAA)
Zabwbd A sHE A (PGAA)S B, Cd, Sm, Gdst & T8 S4dwd
o] o}F T FTHUAE Z3 Jv A7 JHA] a9 v FEEN(~upg/gol F&
A AME-E I glow FEV F o 2 o 94E((C N, P, Al S, K Ca,
Na, Ti, Fe)o] AFE 7bsstrt. B 89 B, A7) e xdd v
2 Agks BA] gow, Alge] WA o EAF dAEI A9 U
A Bro o dAls f&2 0] 7hsd H Ty
B Holgte Aol & FAHo/ESITh E3 Auld AZA] dF B39 &
ZAIZe] Wglo] 9% e a7t gle

- Nuclear reactor activation technique

o
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N
(d
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el
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ox
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- Charged particle activation technique

- Photon activation technique

o}, Delayed Neutron Activation Analysis, DNAA
1} Radioactivable Tracer Technique
AL Cyclic Neutron Activation Analysis, CNAA

- ANIEC g 2USHAFT BY
- Application of K, standard method

- Loss free counting method
H 3 8 HeFZaX SASEMY DX
T EN7AEY AEEE FYAT7] At ARE

To 3gAQl AEREIAY T8 FA
S Radiochemical Neutron Activation
el

Z 43 H&A}a}-ﬁ—ﬁw
FAA2 ZAAANI 7

& AA BFste o] Sled o

. 4% NEe 293 49 54
AT & 91 AAZE Aol FUHI] dRe] A4 MR RYE B A
Fshe P8 INAAZL Bo] ol g5m] F2 IFHA Ex 99FHAE 5T

Lo
PN

o o] Aol B4R e HETAE FEAI7) Astq BokA FA4Ae



ZAR §5 Mg wwde T ga

kr

E CadmiumEBE| 2 o] &3l A g9

Matrix2 & 34He 43 YAeS F2AA, F Backgroundd ¥Fo £o

ZA o] mEd =

A FW AAE F712 AFY 5 Q= °
5 o

Aol 2AFE

HAEE £ 9o Fd3 =4
Holth[2, 3] dukxog AFR o
23 dF A AF(thermal column)$t

] &

oA FAR BE

Hsetth, flzol BEAAE AF AR BT 2 g Dol o}% 2 3
o) glojH oleld UAS FFY W= ENAAZ ol &3d 2o o F o] A
oA et 2 & Qe dEAA BAFBRA] 2 8E(d, ¥Na, ¥l “Mn =)

M
o ass} AHE W AR B 39 *gz} NN DI

e
Jdth. dE EW AEA TS FAAAN EFA Z}i *}32}*17‘ AE HAF 71es
Axa7t AdD 4 AAT Imm AT FA Cd filter® AFE3IA 2A12.3m),
BAL6.6m), P™Sn(9.5m), “Mg(9.5m), PI(25m), *MCd(48m), ¥™Sr(2.8h)E < ©

Zmal 23 BAs(1.1d), °Cd2.3d), FAuR.7d), PMo(2.75d) 59 44 #Ax S
AZEE £ A4, 5] A 7HA] AlgsolA mlEFdLY B4 Z "WEst He
AaZo s XNaol 9@ Holw, ojAT =2HZ Ay WazuE =

Aoz W8 dAEHE FAHY £ Yo Table 24l Z27HA] AF
el 2AH3 A. G. Hanna [6]9] ENAA © th3d Adventage Factor& e
g X AA R EYFANHT EFHAAHY vuAA 459 4 dxF 2049

2

32

27b felgrel LAATLN) A2 Table 3ol 747 THRZARE ¥4
T Y. S. Chung (89 ATA=E ebiich Tl o] WHE )RR
2ol 48T At FUHOE 58/ qro ENFEY FHS A 2R
B A 50 ENAAE AE&8 + Jg Aotk

Rl 4 F SAIBREHY SMIPASEMY T

ik

1) gArste A AR A (RNAA) S 7f8.09]
2o ZutAd &7 (Detector & MCA)S] A% T2 INAAY o8& A



zoA Bod EFAE EMoME ¥Na, *p, ¥ClL PK, ¥Br 59 FAR 9
Ao 23t A AXM(nuclear interferences), 333824 7+Ad(spectral interference)
o] JFoR A BENAEE A7l FAHFo] Fotdd waAa A gE
A BEAI717] Aol = 29 interferenced AA EE Z4AE 3 EX Y29
2|7t dastty WALSSHE FAAAPEALSHEA o A 2 AR | EdA
&3 AP adsorption loss, reagent contaminationd o™ F8 WAFSHEHH
Al oS3 2t 0 O Transfer of irradiated sample, @ Addition of

carrier @ Mineralization of sample, @ Chemical seperation of interfering

ok

M

=]
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8
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radionuclides and/or interesting radionuclides, ® Determination of chemical

yield(Z22&& : Recent references and proceedings of MTAA and MARC).
RNAA¢®] H&olM 712402 qesfobd AL TS WAs A ol A
2r1x 98E Yol AT & Ygolt. B W 2AFe HEPe W, W
AR FE ezl = HH"H oW A (recoil energy)oll 7113 sixte] & =
F2%e staoltt oldollx: {7]ERY HAHd £ &I (radiolysis effect),
ol Al &4F R 3ol ¥ EH mFdALY &4, VALER AT FUIYY
JREF] 9% §/1BHE REY P YF9 olFFol gk WA
z A s R s, wEntE A

i

R
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W
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dg

A7 (< 1 ug/g) 4 | ofF & ASES & 5 Jon ey s,
HHo] Ago] HA FEC Ho] T3] F& FA4UA AS ZHEHASG F
o] AFE AAse FLT 9E€E = Ytk dE £
Td X, 78l ga, FE T wrtgA FA, Ol%ﬂ

Z Y AsE gt ol FARL DA (Carrier)® H7
Fe AXNAH FoE2 uiAte Aot dwtdo® %
AMY B2 EH AdAo] Z2AU fAEE £
A2M L AFE F=E HUbs) T E2(0.1-20mg)S T WAL
of Abgsith FREE MAY 8 & (chemical yield)E A= L3
AR 7SE e} 31E3 9] isotopic carrier, group separation®] ©]&3E non-
isotopic carrier, TU47} FESE A EHYLAE BF 22T o v EHA

L4225 AFA717] A8 H7skeE 29 hold-back carrier $¢] Ut
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(1) A8 21

32 A EEA A A5 EBHAH L INAA Y RNAAYE 935t o} &2
AZA 87 AEAERY dsith. Al2Eule s ggFoly UXEREH oY
L EAYAE YA H AP (clean room)o| A A AFT} ; crushing and mixing
< ¥ vl cross contaminationS ¥ 8} agate, mortard A A-E A3}
Washing2 FF/, 4V € #718WE ALE3lH 100TCol4olA Sn, Hg 59
A& 338} Dryingd £%9 Vacuum® Z7& A3l Ashingg & w=
500Ce)goll Al Ag, As, Co, Cr, Hg, 1, K, Na, Pb, Sb, Se, Tes &£24o] 4T
F AL #23td. Fd 3= Cryogenic homogenization technique® PBrittle
fracture techniques ©]-&3lt}. WeighingA) ol & Balanced #EE zmEidtn A

r

29 edolt 09 BAHI] Astd G4 FHH EFPEL A§IE Ao
=3

@ Age) g

ZAH4712 RE AB oF A8 229 B4, 248719 6, 34
A% g 2w zappdol st 24T BeA Wt 98 B
of 27, #3 HAe 2AEV)(ZYALA $7)E YR AT + Ak o) F
T4e GBS FHoNE AR AL AANkRT YT AES ST B
= A5E BRYE, 3R mEse ARA £9F a0 d§ W ARA
of ALNIAAAY AGe 2, A, 7 SAN i@k NEY 2L

TE 9249 8¢9 H—‘E £719] AFol o3k %8}]3’—}7‘4 (mineralization)ol| /] &
W o

(3) A9 H7

AFH 3TE At ted 3 AE8 EeHAgH BsizEhde] AAHE
Al A FAE H7tsjordth. gAle] F2 Aok At d4wEe 1009
o]} Flojokditt. o & EW, v FYPA(Omg carrier/g sample), 2P FA (T pg
carrier/g sample). PlA%E P49 GAlvs 280 FYIFA AFse AS EA3
7] Ylated L FEo AAEE HEH ooy, Al Hrle EE A
et 38tA g9 AFE 7MEA St A & APLEe 49t 33
Mg A g Auars e 71X FH9 labelingS ©] &3 E WALEEA w0
dom Hoeo WA A dae 231 Ao dv FAY 5t shssE

(4) #3244, Mineralization



TAANEES 92 7HA ) o5 EAAEST U b 2 AEEES HUL
Bisulphite fusion, perdxide fusion. Fusion processt Wajo] 9] 7} 324
Axo E4F 299 APl Atk A5 EdfdE 2HHNOs, HCIO4 HaSO,,
HCl B)oly AFEFE(HsPO/HNOy/H0,, HNO3/HCI/H20,, HNOx/Hz02, HCl/
HNOyHF %)¢] o8& Azt AW, wAw 2 LdHZAE &8 F Ut
gl o3t AL AY &, AFY EiAxdd &Y : 2x(Hg,
halogens), Al 2(Cr in hot perchloric acid, Sb, Sn, As, Hg, Se in strong halide
system). A 99 &EA4E FAAF)7] A8 Reflux  system(Bethge
apparatus)& ©] &3tk 2143 Es7]$2 microwave oven X digestion
systeme ©] &3t} : Shoniger technique, Teflon-covered stainless steel

pressure bomb or Carius tube : wet ashing

3) WASEH 2
(1) 225

WAsteEQ el BHe HANE gaD AZFAS ANSHIAD
R

oL

Rolx BAAFe] B 9 AATE FFA717] 94T Zolth : e eA2 2t
qEE BEXYLre EEYE A BASEE 2EAAHS EA matrix Wl
EA vFdA #E, AYE BIAE 35 &5, A5 psAST EZ3xEA
2 7| Fol srET
» Decontamination factor : ¥+ 8 &€ A%

A 2HEH A5 WANSHIZ EAL

F = [A'/A’d] / (AJAg) (1

A719] factore 7+E separation factor, SE ©]-€ 1 Fo] g42 A3t}

Sea = (AJAQ) / [A'/A'd] = I/F - (2)



MAbset Balold Eeh} £ factor= 3 EE 85E, R oW Te
2o o) F ¢} @8

F = (A'/Ad * Ry (3)

Ry : &3 =] )& fractional recovery or yield

Heydormne (A'/A.) #% decontamination factor & Ao3tH i G&Z, f &
a3tE AR Ao A ZHd S AgE] % & sty 38 s

(4)

A71A f & HHALY FEE ATE o AN 2EES s g
/ fe }_*}, YZAAIZE, A" A S, Holy

Zt @AY decontamination factore} o]t}
Eujolzr I & A Phase I

Overall decontamination factor<
e B F4Hphase I and IDZHe A4

o9 vee e 2ok

= (DVr) / (1 + DVg) ®)

r

0%
12t
rir
1z
B
=3

o714 D & F4 £, Vr

) & Gen 2ol £ £ Aok

F = [Ds@ + DVR)] / D1 + DaVr)] (6)

o714 Dy & D & 474 EXLLG SFEES Fujy

e DaVr > 1 dd¢t D Ve < 1 & W 7H4 24,
FAA WASENS A% thua PARSE BHe Awe 1970dHel 43

Boka, o]euHol F/HE oML ojojA GEjFER el LEAT. AHAR



Bos AEARA O Bol HEHUT.
(2) A2 &

AAA =R th BAEEH YL JEF Yi(rare earths)9F A5E 949
Bz Udzn EE, 284 E B3

A) Rare earths
Anion exchange methods(AG1-X10, Dowex 2, Dowex 50W-X8 Dowex
IW-X8, Dowex 1 %) %R hydroxide precipitation techniques, solvent extraction
techniques(TBP, HDEHP %).
B) Noble metals :
G, BHAE ofF Fe FEY AgFol EAS, BT LA FEH 3l
L= e = P R B
Selective chelating ion exchange resin, fusion(NazO2+NaOH), co-precipitation,
Radiochemical fire-assy technique, Solvent extraction techniques %.
C) Other trace elements
Alge vid g ZHAL me B3 2 Eege] 2o
- 283, Alkali fusion
- ARG, o] 2usY, &5+, Reversed—phase chromatography
(3) AEA R
WAabslshd REleae] RS AAA R i) dE Hold. ALF
742 B F e Axk o|Ato] JEEE J|EE AHEE & F Ul 94y &9
=3
A) d&9 AEE
ZAME A EE R Td9d4E 2 8de 4ol fle AdE HESA
CHE oz Ao 7tesln, AEslT HAE71(B -sensitive counter, Nal(Tl)
detector 5)2% BYU3A HE 7ttt 2& HEAR 4 AAF Pt, Hg, Sn,
Cr o 7% dxbserd Ze|sto] 7d =AU
- Pt (n,7) Pt —» PAu ¥e) : DM Aug AF AN o H(HE
&7 @ 5x10° xg/g Pt, Au
- %Cr o] AL we Au YA (320 keV)E Q) WaEte o) o3k Ao
ZHAHEIHTY A5 — RNAA B (@WFE/95%/43/4%, DL = 1ug/g).
- Hg, Sn 71dE8 (< 1 ng/g).
Hg : %3], HNO¥/H.S04 — 5%, NiDDC in chloroform — A&



Sn @ &3, HNO3¥H;SO/HF — 5%, Snly in toluene —» 9 F%
5%EDTA-1%NaOH — AZ
- Zn, Cu, La, Hg, Cd, Se & /EEE : o]&ng, &ujFE (L olE &),
HAH o8 FZA : HINAP, HETAcAc, 2-HMBT, TTA
- dddA 2EHAT SdAdA & F9.
(B) 429 &4
AEA A MEALe Eele 2R/ FHo] AT EHA
A BRI dek fleng gda RAAS AEs) °
walse AZF717F BR3A = A (Nal(Tl) detector = HP Ge detector). 1970
Adio gt 807FAl o], 80 dthell 207HA] o] o]l /L HA L, HINE ©He £

=] EE SiH

)

Ao
ric

(C) Ion-retention media

Aoz FAsE FHO2RE A4LE AATESF e WPYEES U3
o B FUIFEgEES oHd AFE dEdh. dE8 E¥  Hydrated
Antimony Pentaoxide, HAPE 744 S 9904 Nag AAs=d ol &35

column method(resin matrix)& A}-&%c} 19803 ] o] 3o Ho] Algy Wi

rr

2

i

HMD column(milk powder, food, diet ¢ ¥4), Zinc Ferrocyanide, Magnesium
Oxide column(Cd &%), Activated carbon/membrane filter sorption system(50
mg layer)Solth HITo FEHol29 Mgy ZEIFE o|&F Cp AHAYF
Silica-gel®] Al&2o2 wWE 28 & %X (column flow rate : 10-20 ml/min.)& €7)

= 33

4) wALslstd el Asst
=d3 Algo UHFEAMS ¢ sample dissolution, distillation, sorption,
elution® Z-& &L 2538 AlA BAALe Aok AR &y, 222 A9

AAS BwEe Adstn Aok @A 00749 BAHEE BelgATt A4F



AH, NAAY & B Aa(dg €Y, ICP-MSe EAHY

A BrME, Alek9] blank valued 3¥HA,  As, Sb, Se E2]qj

spectral interference, Ar plasma, Cl ). Al&3l1 7ha3 28 7)€
1

CNAA ). eyl o3 B4 E7s A4 E49 7



SRS o] &8 FAHA HAERA V|HAAHEREA EAMAEY FAHAARAE
A3l ZAMR V7 AR 2AETH AEAES U F IRE F 53
(Pneumatic Transfer System, PTS)7} 1995 @ %ol MH x| 5o dgojoxn gt
(10-13] £ A &5+ v[FAHE B4 S A% AE/AFY &, d9FH2 =
AR ZA A AAAM Y FAEE/BES A% AEE4, radioactive tracer A
Z, Ad5d g5 AFo Axd ol &HH, FAdME N2HT 78 A5/
Ag vFdd 4, SR ZAEF dF T ol &=, AFV|HFTAAY 7]
BH7lE AT, AEeE AFE AT v FdA BAF ol &dT

2 AFdAE 7S ZAE AP, &4 FUE A3 AL 4F
PAEFAE F7IE AR HX490 3G oFFAE A 79 9x=2d =24}
TE ol &= HAH glon, F£EHPTSHDF AFH(PTS#H)OE A6
EE Ho gtk EF AHUNE o83 AFAZA JMEIiEE vl
Figure 1ol PTSY F87153% WA€ MFH 22 ety 71&€9 PTS o|F
golle desle] 28717 AR Eo] ZALR AE9] oFAHRE ABANAFE o

ge o2 Ao 2y FEEFADeE AZd Borle Zdgdez d
F T olgRiol FAFA Rat] Aol o5 W ANHA AYAYH
]

Zrd@ddol Bt PTSY hdede] & Z3laclo]l HEg2 BE oA F
BES coupling Aoz AAHEE A& A5l ZAHPL A 8 W
o2 510131% A7 oF W FFFAXNE A9 HYAH E AN W5 E
A% HHdAH FrE Adte] FE AAEFXE A XA PTSHI =
FAIZE 2AHE AHAZEZ Bl AN ES RS dFAxH & 5
e 27 FHFIE HAEAT. PTS #2dE5 &AW & A AlE7]

o >
bt
i
oN

(counter end)& #AA] &3 AF 5T JUEF F7tz2 ASHAE A 42
AR E3 v gAo] 29A wbels AR AY A9 X9 H|A B A
Al £dlxol=E 32 23Y F UEE & xo]= ON/OFF 2935



AA3UY. LHEE=E Computer, Emergency® 2712 dbale] glon o] &g
SAREE HA/Ho2 HAgHAJY & Computer SHEEE Masid 7
B Z2adg olgg s LMol 7153 ™, Emergency S HEEES
Emergency Toggle £2$1X& ©] &3t Y=g ZFAP0o2ZN H28 A
Fatal Ped olF AE F UEE ot MAdE F29 PTS#L # controller
o] & zga AMRE 247+ Figure 2, Figure 3, Figure 4, @ Figure 59 e}
Row PTSH2S =W, nldAoj29 X wke} Bk T8jx PTS #29] AlRE zZ+zt
Figure 6, Figure 7 ¥ Figure 89 JEb{iTh

TAEEA S A A ]8T & e E2AE S EF A% (thermal neutron

flux) € 10° - 104 n/em’s M9lolth 24249 A¥we} Ay o] & 24}
Fo BANYFY SN A 2ATY 2MW ARZ 26 BE FHAS

o] A, A=HuY SATE 9™ Table 49 243ttt FAF Y XA
7t Aste] M FAASY WHES HAss] Astel NAA 41 2AFA s
FAAESE SAHNAY. FHL 20MW oA AR, 2AHE F 11
AlZE ol e DAIZH30R)H FAIZFAAIZE) ZALR Yo Algstde FAI
ZA FRRGE BAT ZAFDNA F 2 WHE Bt AA 24N
& 72£0.025 x 108 n/em’seco 2 oF 15 % 9 ¥WELS

lo
rE
o
(lo
> :

20MW 23 &4 NAA #(Cde FAAEL 130£005 x 107
n/cm’sec, NAA #39) 422 7.19+045 x 10° n/em’secol it Al @A}
Figure 9° Yelig.

Zgd g S AHE3te PTS ZAIE Y 25E AlIFEA A 7124
Aolw AlE B 7)o HAAPS FREF Qv ARoY. o]& ¢3 20-120CH
29 &% ZAHWLE zZe Thermo-Labeld ©] &3l FAMAIZF F7to] wh
LxRzs AR e o AHE Table 59 LoslAh. T ol&A4x <9 A

A e RaAM g 2 vixds 218 5 U

:rL
el AR
oo},
2

l

d

o
<

2.

Ok

g ol

O

=

|H

B 4

Ho
-

dztz2 PTS #29] DOSE Fdol$4A9 A5d MEZZ o (v.],
3 98-01-21-5156)% 7/MEstdn dAEFXx e d¥E MAstd F71 AX &
3t 7% MM Y2KS 93749 W@zt wel Windowsd8e o] &3 T2

W(yvnoz MAsdAct £4L 93t AZEYOY FAL Microsoft Visual

~
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Basic 6.0 language®} Hardware(Digital I/O card) driving library¢!
PCI-30369S-1 master link S/W library(ver 4.0)2 o] 3ith.

=9 2ZEo AAe ANAIH, F3H, FeFd, FF
A adn YAPGA Z2adgoer FASIAT

[e] = O
*H, A &3

(1)53}9H (main menu)
F3ldo] €9 W Digital /O Board® hardware ¢} software ¢ %7|3l& £
g &3 28 menusE 7ML

- LoadCap-Irrad only : counter end & AAA &&= #AE Fd 2 25 A
- Load Cap-No Delay : delay 7} §lv #A¢ Zd 2 25 &4

- Load Cap- Delay : delay 7} Sl #€ Fd 2 A5 &4
- Manual : &% &4

- Exit: Z2a¥ F8

AA ZAIE AT AHA Ay

>
oX
fu
i
3]
>

(2) % & (Manual Control)
T 71 818 g o AAAFS dr
- BEE Solenoide W49l Buttonel skl Z+zZF On/Off $th( 32k check
boxoll ¢lste] FHE FAI.
Diverter®] $2& Limit SWoll 9|3t A Mimicoll H& A Moz
ZEAIGE( ON ¢ o).
- Hand Loader®] #¢] €d A& Mimicol ZEA st}
— Drop Out Ende] #o] €d AL 3WH/Fe Mimic o EA|g}.
- Irradiation Time, Delay Time, Count Time& 4], ¥ o992 FA g
* Jrradiation Time : Pool end9 Flag On(PD7} A& ON Ft}7l OFF
2 o)) ¥ Flag OFF (PD7} & ®Ha ON)E uj 71X ] Azt
* Delay Time : Pool end®| FlagZ7} OFF (PD7} 5 ¥a ON)E ¥ H
counter end® flagZ7} ON(PD 7} & ON)E w7} R 9 A7t
* Count Time : Counter End9] Flag”’} On(PD7} #& ON X<iti’} OFF)
2 u 2& Counter Endel Flag7} Off (PD7} ¥ ¥# ON)E w 712 ¢
A3t
- PD7} #s=d e x| FAg

4



AutoLoader, Delay Stackert capsule® YXE AlzZtg oz sHA ] HA
Sttt (Limit SW o] &),

Flag7} 2R (ON)SE®H (Pool, Counter, GM tube, Drop Out) x4 A}z}d
£ 3G X FTA 3

st el @R AHE FA S

PS1,PS2HI_Rad A&7} LAEH sldo] Alarm& JEbdT

* PS1 : "Air Press. LOW 1”

* PS1 : "Air Press. LOW 2"

* HI Rad : "Radiation High”

sl o] ZAE timer Al 7 Clear Time” o 93} reset AT}

"Exit to Menu” button £E Menu 3H o2 Eo}zit},

“To manual” button® 2 3t¥o] S A-4-& flag, FeWd HRE =
A gt

sl ol capsule HEE ¥ AI3oH pool, counter, drop out, total delay).
A= filedd 71E 3o

(3) W&=AAL M7HA 2=(Load Capsule for Delay, No_delay, Irrad Only
process)2 AAHH interrockd A7t Hol 1 71Eade g3 2o

H A Capsule® 21 "Load Cap” buttonel €3} loading 3%tct.

oA dEE A 59 A E= PD-13°] ONE @ memorydll 71t}
A ZrE 200413 &, & 607HA 7 dE "

Aze) EAE 999.999 742 dFH

A8 A5 “save file” o5t AgdH

"delete file” ol &8t filed A& St

"Prev Capsule”, "Next Capsule ” buttond] ¢}sted ¢J=88 A=
(432 AAstE g8 As7AT 7Hs)

"Duplicate Values” buttonoll &3t 3o oA capsuled] 259} 5L 3
e EAS

A ZAEY A2 "Update Record” buttonol] &3led 4= I}‘:]'

Capsule &AM 818 $ §oh.(PD-13 9 53 o &gl AA

Pool end 9l A1+ pool end =& lined pool end 9 3l }gt ’d"’—”, 7}33}‘4.

Counter end 9lA+ Counter end £+ window Counter end 59 3fu}pgt

A A8,

L

il



A9 7hs st

3l batch7} By AME AZE wi= “File beginning” buttong =33 W
z7)15stdof do(ZE AEE 7|3

"Clear record” buttonel ¢]&te] @z ZAIE A Y9 qFE AL £7]
e EAFTH

"Print File” ol &sto] 99 filed A4 gt.

“Load Abort” buttonol] ]38l sol_6& off A7t}

"Start” button®.E auto. processZ A] 2o,

"Exit to Menu"& menu & Eo}z7it},

3l batch 9l load ®+ capsuled 10071 & A gHslc},

sol_6 on Al7FE<H "Load Air ON” & ¥ AJgHH

I/0O update A|7F2 50 msec ©]t}.

Hlo] 4l Ago] HAHH B £ ZAdh

(4) A& 2 (Automatic Processing)

AELAY V2 2L LT 2 :

stdo] dd W WEE 273 ol

Load st®eollA &g 25l wets BE 2ol AFoR o Fojx
GAE e AHE PDO FFo o5t A& == FA A

T3 2 AR st ZA|FojoF gt

Z capsuled] A%,

Autoloader, delaystacker, each pool end, each counter end, GM tubecl] &
A 2] capsule HE EA

&9 % capsule?] A5 FTAL

Pool end, counter end, delay stacker o4 ZFJAZF FTAI(FFA).

GM tubeol 4 holding time ZEA|(Z7}).

PDe] AH.
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7l SMA=AL E ASEA
- HANARO Research Reactor, KAERI : PTS irradiation system, thermal



neutron flux; 10® - 10" n/cm’.

- Gamma-Ray Spectrometry System.(Figure 17)

« HP Ge Semiconductor Detector, EG&G ORTEC; GMX series (3 keV
-10 MeV), GEM Series (50 keV-10 MeV); 25% relative efficiency,
19 KeV resolution at 1332 keV of %Co ; peak to compton ratio ;
45:1.

- Low Background Pb Shield for Ge Detector, EG&G ORTEC: 4n-10
cm thick low backgound virgin lead, graded Cu & Cd Liner, 28 x 41
cm cavity ; Pb shielding box(35 x 40 cm, 40 x 45 cm cavity, Cu &
Cd liner).

+ LNz Automatic Transfer System.

+ Multichannel Analyser, EG&G ORTEC: 918A MCB; 8k-channel ADC
(10us), 8K C data memory, counting loss correction ; 919A MCB;
16k channel ADC(7us), 64k C data memory, digital Stabilizer
MASTRO-II emulation software.

« Application Software for NAA; Gamma-ray spectrum analysis
software : Gamma Vision for Windows 98.

- MINIGAM ; data acquisition and analysis, on-line, EG&G ORTEC

- OMNIGAM ; advanced data acquistion and analysis, wide variety of
spectral correction routine, on-line, EG&G ORTEC

- Power-NAA(Labview) ; private data analysis program for NAA

Lh DI7I2RISE ¥ MXE Z5
- Air Sampler (Figure 18, 19) :

+ Low volume sampler : The '‘Gent’ stacked filter unit sampler, PMio
/PMzs cut-off point impactor, stacked filter carcette; corase and fine
filter, average flow rate; 15-16 1/min.

- Filter :

+ Polycarbonate membrane filter, Nuclepore, pore size; corase(8m) and
fine(0.4m)

- Stein Smoke Reflectometer for measurement of black carbon

(Figure 20)



- Microbalance, Mettler : 1ug readability

|

Microwave Oven

- Automatic Dry Oven and Vacuum Desiccator

|

Freezed Dry Oven

2. MEZEH R X

7. EEMNRS FH|

ZFANEE QR A 22X dFA0 U} de AxFIFAL F
A E&YM oz A8 ’\}%0}9&3} JEEH, AR AF dry oven

Z 8N B AXAZR F desiccatoroll A AQAW DAY FAS

AT A28 F4)5t7] Y8hA MicrobalanceE o] &3t Alg & £

0 mg BEelolA A&sA AFstd 2 ARE7 ¥ F 7194
At EAFHA HAEEA S AT AR EHE T YHoE £
. H FEENATE T JAEA 9o AEE FHE ZEWHEY 9 dry
ovendl A 106TC & 2A17F &< AFA]A Dry/Wet Ratio & 3%, 50~200 mg
< #H3 ALl Ao Al83F & Sample vialS a5 2 polyethylene
o 2 uld spectro graded] H2 ALY ol ECZ AN FHItA ARG o,

ar
™
2529 $E8 $Aa7] Yoo blank test® ANt} BoEo) FE W B4

3. Al&e| =A}

ANge A 2AE Yty ‘st Fol A (@ = 1.7 x 10° n/em’s)
S AME3 AT Ay, Cu 282 Mn §¢ neutron flux monitoring§ activation
wire (Reactor Exp. Inc., R/X Activation wire, 99.99% purity)ZS AF&3le] & %
9] A48 monitoring 333 T

ANEE A AR 2Nxdd we gA 2 F, AR Uy 47
1-5%, 30-60%, 1-4A17F S AR ZH T



4. WALSe] AE
s 2*} AlgEE O3 22 ASFAE AHEst HAls 53 2 oy
-Spectrume AU}t 1EE Germanium‘i‘_Ei] 42 7](EG&G ORTEC, GMX-
25190P)e] HEF <€ dF WAtse] As &S L2 Foln AHA = TEEE
I y-AdFe A4s5AEE nstd WEEE 01 cmd FI=EETH FRLE UF
st A ZE 10 cm F7A19)  lead shielding box(75 x 90 x 90 cm) ¢tel] A X8}
At BE7)E coaxial typel 2 25%9] relative efficiency} ¥Co2) 1332 keVoll
A 1.9 KeVe #3%(resolution, FWHM)S 7}*|% Peak to Compton Ratio:™
45:1 olt}. o] A& NAAE application software’} W& ¥ personal computer %
8k-multichannel analyser (EG&G ORTEC, 919A MCB, Mastro-1)¢} <32 &<
dAbs A& 2 AEEAS 9% 7 -Spectrometry® FASIAT 7 -4 oYX
°of A 2 geometryd] WE AET LY FAL NISTAA #HFd &3 BFA
Y (Radioactive Reference Source, NEN Products Inc., NES-602, 1”7 diameter
disc type)E A+&3t4tt. Figure 213 Figure 229= oy x mAFHAm A
& AAFHE vglt ASF7e EFAIZHDead Time)E 5% ©lst2 A5t
o™ decay correction, pile-up correction® ¥4 A oz HAHA I
t}.[17-19]

5. HIOIEe] Xz

7t. gtekel Hip
AS As2RE FF Ade o8 AF9 Wite S AP 24z
¥ 7 -Spectrum S2%FE A& HASA Astr] st Mz AT A4
Z2adE ol&stk o] Z2aHL 74]%&21 Zt HFR gy -l A,
2P BARA, &% 2 ASea, BN a8a HEEA 52 EE’J
I 3" WAbs AST, F FHolaAMA L Covell Method[20]] )3} 7332
FALE AHEE oldst] dE&H 2L WAk APAS ol &St

oX,
29
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=
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f

W=AM/80Nayaeb [1-er] erld 7



A7ZIA W AELLR FA g
Na: Avogadro Number, 6.025x10%/mol

A ASE HANS, cps

M: AEdA9] 427, g/mol

a: TH9YL: E4L, %

b: 54 -4 ¥Es, %

3. %42 295, n/em’s

o GFAHA F5 @A barn = 10 em’?
e BE719 AF2E, cps/dps

ti ZARAIZE

A BT In2 / T

ta: ZAFS WZEAIZE

Table 10 ol FFAL] o8¢ AAR8EL FFaAt2l, 221 EIF9A%
ApSEA RO HREEAE ol & T HuALY A=
T 2oz 7] Wil Al & 0, Ny, a, M &

o2z gl o) HAARSG BEAY BT R BFkE A ¢z

o]
AR =
o 4% 4 du XA g B g 2 AE gld F Uk

oL

Wx = Werp [ Ax / Astp (e 249)] (8)

AZNM HA s F x v ETAY FAANEE YW #2382 counting
intervaldll Mz} RAE ook st WA & AlS Aol

Lt HEstA2 &3

FAA LA BA A pEdae i dubA BAAEE 79 242
stoll M B WAbso ooz iE T dom Table 113 2o I3y
AAZ AEdAE HANE 5 48 929 F7F 9 TF £Xd wE dF3

of g3ztgol od 2 H9AT[23, 24] VAo L B HE A9 T

o

B¢ 2R 9% YyHoz ASHT P A4 B AN SN
Hys) A PAzASN AT AAS AL AR PAS ZHel



7% %7, Detection limit = (Ko? / 2)[1 + {1 + 4B / KAWY  (9)

o714, B £ natural background count rate® A3 A3} scattering &
electronic noiseE EF &3 Ho] Hu Kq £ 1008 AdoA &3l 284
E2 Us golg. AdE 7| Z2AA g tid] A" HESAE Table 129
et AT

Cl. Advantage Factor2| At

ARG gFAAA 93t AHEHRE dolr7] 3 advantage factore
|22 B AAANES EEAEE 42 O ZAIFPTS)H 7l=F HEx
AP (CAANAM T 20082 T ZAXA AAE FARY AtHd %Aty
2 AN olg) Fo e BFL ¥Na & 71FoR Ytk

>

i

Advantage factor, AF = [Axep/Aren) / [Axm/Arm] (10)

o7, Ax ¢ Ar FAFY WAl ol HA epi 9 th

£ 27 @93 4As 9FAR

_,d
t
Lo

=)

o
oo

Bl $FE WA SEQ AN

gurdoz BAATNN 15 429 BEE T VHRHY Hao
Fng/mHoz dehdh metd BHE FAN 48 3719 3L £
F&3 NEY £PAZ, A8 BES 27 52 olgdte] GeyoR A
At

-V =1/2(Fi+Fy) x T x 0.001 (11)

od71M, V = 2e1& 58 +849 379 2F (m?)
Fi = A5F8E A8E 49 7] F5/min),
Fr = A8l 2% 49 F7/4%5/min)
= A 89 FZ A2 (min)

AAz Beig 37 BAe) FEE FFAG7] AR Y2 2ol 4 Aol
£ 3HCOANA filter blank @B)E WME gkl B71F) 44 ARFE(CH7 2



CZZ[(CIXFC)/Fa]/V (12)

Of. Enrichment Factor2| Hj&t

o WwEAY ZALE T volE Ao AP A= Enrichment Factor (EF)
of A4tolth[26] Y49 EF € tZ7|RAANEFY 7IEd4as EFHY49 vE
71223 (eg. rock, soil, seawater, etc.)F 9 7|F949 ZHP A vHE U¥F

GO 2A ()N o] AHosich
Enrichment Factor, EF = (X/Ciapm / (X/Cirer (13)

o714 X ¥ interest element ¢ FXol1, C & reference element & % X0
t} stz APM 3 REF & ZHz di7]|&2A 59 78-S 9t oyt
Hoz 7| EXNA rock, soil Z|EEdo] gt EF o AL 71&E4LE Al
TE Sc o2 3tk 2 AFdMe vad dAxvE A& ScE Vledaz AAs

o At

Ol

Hp ZZHOIES JIZEAZ AN
2 A7dn T8 BE AR Y dolHES YAUAZA TLelsiorste

B o FALAE LI ZleTAYNS vt¥e® HFH EXCEL =

kY

SpEAS S
239e o] gafel Table 1301 el 7B EAFoz AAse] B 1¥L
43319

wEARe] 2AGe R, EFAA, B92 Vuan, 233 yoes
g AdsRTh dU ANRATE 9T TEAR] B4R g 24
M7 EE 2947 AHEE FAstdn

BABEL 98 FAF WA FES 2HY BE A4E 92 B
e Faol 7 dad U BAZoR Uuwed odwl BA 177
gY MEEE ESEERE A4 E9 484 FEE s 33E =
£ A4 BaN 48 HARHE 9T ADEEE Adeden, T
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7. 9E BEESHO| 24

9AAT o] F FAAPANREAEY F2S AHM AN B
Solg8n Y= 874 ERAZFAA BHdAT B8 BHo| ¢
C AN2E AAse BAGGT E AT 1829 EEANES 2ARZHY
om 949 BE L We, A4 EFUA, EERHY AUOATE Fohel ¥
Mol AT FUEE FASAT AT AT WAS st QpEA
8T & UEE AT EF AR Aol AAE AGU, BRG] 9
e AsHEE TN BHAR ANEE BAfGon RAAES AM
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e
7)1t FF A WAEEE o] &3V E ST E4HY SR o] &9
NEe Z=FE g3 2t} ; Airborne particulate matter 2%, Coal flyash, Soil
3%, Sediment 5%, Biological samples 6% Solt}. Table 16 6742 A& =
AR BEAZFHE FAGY dao o HLF THS 84 FFHeE Y
EPWith 4719 XS FAYE AL 4 $E8ATS BHEY FHY =& #
d FUle gExo BHusdon(28-46] 25L& ¥ 2oz HEIAL.
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97 WEel 712 BAAE A% BHARE ogHIL Itk B BFNBE
a4 ARl FYSHE 10m o) YA/ PMpEA Y FIFFET 23
z9 334 2 24929 $EE 3971402 QA Aol & IFL WX
T gt @A BEHEREL G8AT, eABAUY F9, FA ol5@A
9 AT, AA AYE L ANE Wk F clAFoplN WS AEHA AgH:
Atk SAPMARY ABAH APHe Fuas] dgNE 48 2Rl
Wk Bl BrAol o2 9% PPFY AUt ASEEZERAL ol S
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o F 9] %i%@."] bee FHLAT A4HAE 2o Uvh(47, 48] HAZE
#Este] FAAA HASHEA (NAA), sHAYA f & X-A4E
X (PIXE), X-A FFEMNEKRF)TH 2 H247|&e vz FHAHUS.
EPA)IAM ZF EF4AEHEM9]02 851 glon WASREMYGHE o
AR BT IALAE7 FIAEA)AHE 22 ARy EHF=HE
= 2 1% (Analytical Quality Control Service, AQCS)E E3ld Q=T
(Certified Reference Material, CRM)2] A|&tely ZE Ao o] £319
AA Z=xe] B ATl HA FAFAY Vles ol&ste AFAzL d
)

olg] v AZF =& 1%¥(Data intercomparison exercises)oll st ¢l ,
A3E BEAY AF UL HUH(Proficiency test) EE Ao AFA
(Traceability) FA& 93 AA EFE g 2L BFd &&3
W7 8B A8 A RS dTdHor FHF BHAY =4
nFYLE FAALASEAYEE AFESte v g A3 ch[6l] EAA =
2l g st = EE7Ie¥e AdFEEAZ(Urban Dust, NIST SRM 1648)=
ol &3tHtt. EMANE Table 174 WebHlon 3759 HEd 429 i
o At ZEHEAE AASAeH 44 10%9 15%olHoldth EAEXAIEE
S ~Egole] Vienna General Hospital (AKH)S] FZA|Ado 2 1994d 9¥€H
B 19959 12¥o A Sks A 3709 WAZ XJHAUTY BEG =AEIANEE
Figure 2601 Hol& ups} o] E3P7], &%, 2% 1Y), 4Aa7] F4712
748 FAE AHESH FvlEAT EARIARERE 20%9 A4 YA
TARANAEZRE 21F9 48 AFHen 1 ZAFAE Table 188 Table
1991 YEtRt. EAZTY e 2 X H7HE 95, SAHAUALSEA
FAYARE X-ALE 4, XA 3 EAUT dAETFEFHE o 8T
AA 3970 AgHol FAg AFAHL mmAFH FAsfen F£3E AIAE
FAAGGET A R SAE FIAEEN [UPAC AFAM B2l 278t
AR Bk, p o EEAA, o 28 A HAPAHS BIE, x LE2EFEH T z-
Hu-x/0)%& YVEIHLY z-gto] £3 B & AL AFITZ FAFIH
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Asted Z+Z; Figure 29, Figure 30 3 Figure 319 Yebidch zgize] 72+ A
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Al Al ]

3 w3y FAdEe A@AA

o FAAAE 7 FIAEA) M 28 ANFEH E4A=#E 2 IH(Analytical

Quality Control Service, AQCS)& EFEZY Az L RFZ &R o] &3}

3 gew, AA Zxe B ¢ EAATFH AAAE AL B3 FHA

E47)1& 8 o|gste] T2 aAF 9 442l Data intercomparison studyell 3ol 5}

A FATY 2 n3o ZEsa I} ARV e, 55 W
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= =
FH AEEHETE ol §Ho2 dd EAHHoE vAANE

o 2784 # o AH&E AR, 1970 d ) o] F 2 7]7] AR WASEAMH
< T, AENEE XY OGS dRANEG AAANRY vF daEY F&
A Abg-Eol gom(s3, 541 oleld AF2ZREH TR YAFEAYL HAL

do AEE B2 98 AL, 2@ BARYl 4FA/E et

2 a7 gusaTel A% ogHoien gow, BAXNE ARE A
F Q& Algae AE[51E FHA PASEA Y s 94 BHY 5618
AA Z5e 49409 vMaEs 2 A3 Boe B APdel BAY SUE

R AHAEE #Ast7] A FAHUAT o] E Ha FAUAH 7| FIAEA)EFH
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T2E7 259 3%9 Algae A 5SS 38 dAYHAAE AX Bz 4 B
Mt 1500 APHeAM w3 X-H FFEFHY, TS24, 4AF
TEZYE, dATE X-4A HEERY R ZFEAUMS)T B I B
MRleg @& #42% &3 SAHSZE ¥ uYr}stdch[36]

AlgaerlE 3F(IAEA-0391, 0392, 0393)& A2 EFHEd = Az 3o}
Freu] o] mAEAF LN EFE we 2z Aujd RAolw Mg
TAEAEE AZAott. F, [AEA-0391 Al8% Chlorella2A Ultra pure
ChemicalsE AF-&3dte] 33
Al e JAEA-0392 A&+ Scenedesmus obliquus 20824 ¥kl =4
ol Al AjulE Aol e JIAEA-0393 A& & ChlorellaZA &, &, H4, 7l=
7 2 AR 22 73 FEEE FHAA AuEATRS7, 58], o] Zo] A
19 ANEE “Co MU 25 kGy/tH Audor zAstd FFAI T A2
TAse] Hogk Ao FHHJYH A5 FHE AFE A £4A59 T
AA HilE §d+E 0.05904 HE EAEA(single factor ANOVA)S 33}
o Age EFYEZRE TAHE TFHAZ TS (Shomo = Sbetween bottles
Swithin bottles) S 2 AT ABF SHLAr] et we} JYFRAAZ FA
sten, 7 A E Table 209 YWepiATh A, EAHT SAGY v=
ATe A% FAAHGYE HAst HdA HTgk, 95% AT 2 Dixon test,
Grubb test coefficient of Skewness and Kurtosis test[59]5 (f+¢l4% 0.05)&
ALE3te] A AR \AE A F AP BEAGS outlierZ A A F
o] M5 e H T gh(accepted value)s& AAs 2k AP F4gko] o=
ol TEHEME AA ¢ 7 A ARE AR £ 4 48] 3

54920 dFFEs BF7 A% IFxHeR

129
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TT’:

FEAG g8 TEUAE 7 =59 Table 21-2301E o5 EA g3
AT F Algaerl 5 25E FAHE INAAY BAZAFAE 234t &4 A=
2 & 9oty HFEEATLAM dFTE ZEEDNIST SRM 1566a-Oyster

Tissue, SRM1572-Citrus Leaves)& W ETATAA FHT A= Aol
ue} Ao EAste) 2 dae BEMHEge] Aolg RANFE JVIEEEE ALE
3t o] EEEH dig E4EAREE Table 249 YEHATH
APE B FUE FIIARZ A [UPAC AAAB2l 2A5 e dA HE g,
;zS’Jr EF8x, o 282 4 484 Hag, y22HYH 7 -8 (p-x/0)
< Figure 32, Figure 333 Figure 349 YW o™ z-scoret B/ Y4& A
3l BF -1<z<+1 Alolo] Eojew £ AHE EATh



ZAA BALSGEAH G o] &3 Algaer| B SAHANZRE A HF BAA
Qo] 3 EXANe EAH v2E ad=zg ZAAste Figure 35-399] e
WAt Figuredl Al A4 A £4243¢ Haoly FHL 95% A F3H&
veldt, #4232 g 2714 238908 AASHE F, AEAEFTY 9|F

2
Aol FAabTAISE O] F&3A F8E F A€ & F deH,
=)

f

0!

4z 2 =
5] SAYAE <A e As, Cr, Cd € Hge 0.1~100ppm ®H9ollA vB]F}7

=
PAgoz B4od A7 aRHoE 8T 4 3ee AFAT ok

(3) Sediment A&

Aq7tA] BHAA R ‘U7, &, EY, AE 5 o U E4E 39 29x ¥
Az FEL FYeT 29D FBEY ol& FAL F dv Y ME
S A% x=¥o] =3 vk A A8 HA #FF 2ABYE A AF F
& 2 fd 449 A0 B BAHY e AFstn 4% dolH,
HAATE AT ZrFA A DA ofE F flth ol & A T HAAA
E2%9 st HHYEA oid FAA PASELS o] & v Fds EAUS
GEn2A AAEY BAES 5% 2¥dY F2 4 o)5HE 59 HHel F
£ 5 g1& Aot} Cortes Toro 5[60]o] 93] Rug dHoleld wad A
B2 A99 5AHA FFxA0 et B dAEY FEEIV e WY
Ax A3E v gtk a8E2 HIAETY uFH4E a9 B 93
4 HIE, AE 2F AEas 59 2 2¥9Ye FHstn 2o 08T F
qom, olg AWM E FAF A9 HrAA #Zo] Badth HAE AL
A A thFd HFAA JRAEE AMgE ot wFdhe HS g
A AAMEFAFTY SHolv 2Fde 43 wAY 4+ flenz vgy FA
g2 249 Zds% nREA07~107 ug)s 23 JE 77 @FAR g
BAg o] &35t AT v HolEE 7Y £ Joh HAE A g dF ¥
Abs E4e REdE BHEAE FHstn AE Ade volEy TEHE 93

NIST(National Institute of Standard and Technology) SRM 2% 3
NRCC(National Research Council Canada) CRM 1&° tja] vloty] dFAd=
WALSHE A S S, B3 3 80 3 AL A7) < (Nuclear Analytical
Technique)¥] #HE AT 435 dojg HIE 3793 IAEAS AQCS
(Analytical Quality Control Service) Program® <«¥3to 2 JAEACIA A -3
Sed-1(Baltic Sea Sediment)®} Sed-2(New-York Harbor Sediment)A&&



NRCC CRME HRAZ AMgste] vluwEAsta [CP-MS, AAS, WD-XRFe] 9
8 2AE dolesh duumsted B BAYY NHEE FEa7) AW dolg
2 ol g3tk

2 £E20) Be) A 57 ol4e NBE Astel 4R £
Moz Azt BTk, BERA, FUTEAR, FUed D ARRA

L
fjo
oft
L

3kl |
A2 EAFAY. EFERFY ARIL d3 BEgo) e diaE B B
Ao Ad=s AREE AFHE wuT & oy FuHpd die FAA
o2 W s fien BEgI Fauge) gle dad daNe 2=
e &dE o oshol fieh ARk o 95%9] AHEE A HTRA#
< BAEEA BF BT £209 HeIgke] glojof ot

Estuarine Sediment(NIST SRM 1646)¢] &AM 305 9428 FAH}I 2
olo tigt AE Table 250 UERAUT. EXAGgES BEgho) A AT
g5 dotry] ot 95%9 AFAZE A t-test [ t=(0-Xaverage)/(s/¥ n) 1E
sto[6l] A E 95%, AHE 4, FEEAEA A5 oJEAHA &, t = £2776%
Ao As, Ca, Co, Cr, Fe, K, Mn, Rb, Sb % VI & 44252 384715
ATLAE HAF lonz AFPS ALY & glom Uvx 107 d4
AH ke 2R M o3 2 Jted BAPAAE LAY vl
AgStadol g 4 F AAT T 207] 949 Ad BEEHAE 10%0)

S B AEUF Ao o]Fo4x &S YellTh

Buffalo River Sediment(NIST SRM 2704)2] EXdA 32F9 Y42 E AHH3S
R 2 AFHE Table 2601 Yetdidch £ dxo] e t-testS FH3P o
Ba, Br, Co, Cr, Dy, Fe, K, Na, Rb, Sc, Ti, U, Ybd} zo] 137) d4= 587}
5% AFexEs ey gtk Se, Ta, Tb, Ti, Ug As 10%°1He 4
HEEAAS UYEFATH '

Marine Sediment(NRCC CRM, BCSS-1)9] £4ojA 33F< Y48 AH34
1, 2 AFE Table 279 Yeldch t-testE F38ste] E A3 As, Ca, Co,
Cr, K, Sb, Ti, V# Z& 87/} 9282 JL715s AT2aE UHeEHUTh As,
Ba, Se, Tb, U, V, Yb& A3t 10%°lHe] dNEFHXE YepH.

A FTEEAATZ JAEAZRE 453 FUHA 9] ZAAEE 5 BHyo
Z BEAsga, #te dygde AA dHolHE o]t HUE HAAELY
Z-scoreE T3t o™ Figure 40, Figure 41 3 Figure 429] WeElW it 271X
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wE 93 Al As, Co, Cr, Fe, Sb, Zn¥} 22 77[A e tistdq ICP-MS,
AAS % WD-XRFe| 24239 45r|usit. £423%E Table 28, 299 1
BUen, E497 Had@ge] vud F dAsx J&EE B FAA
AtstEAE o g B4 7/ Ao i A4 13 98 A¥4de] BEHZ
Foto] A& vl Hrstr] $lsle] JAEAS data intercomparison study©ll A
olgsta e T WHor FAANYE iz I AHE Table 309 e
Wk BlEAE, n o] H7)e stAT EM AL WA H(Z-score) 0 F 1 W
Aol Eoigrt. wepq B xpstEd Ads Ade] 2 e HFE +
Aow, HHE R A4 ZAPLE o]t e S AT F U

Z B4 8H AF/|BSe BXRg AT FRE Y3 Ty A
AL THE& FHo2 949 @xf|FATFAV T HHAEW F 55 &
Aol g AEHAATA Fostgth BHAY AL LHE AdolA HHA
HHEA g0l FAr@Ee] E4ZEAHAE TS Table 3l YEHL
Table 32, 33dl& 2+ 4849 EMZRE ez & 742 Lab code 9°]
th. Table 319 B3 IFUAE o] &3 FAAMHEZ B 4P4e EM+35H
€ ¥7bete] Table 340 Jetith vjuzdFe 3rigt A@4e A4 dolg &
o] g3t £HE PR B Z-scoreE TF3F2.7 Figure 439 YeEtUidt.
XAFIE 13728 bdA HuE AT 24949 HAEH(Z score)S 0 # 1
AWl S0t Wt vgta WALsEA dAde AFAol & Ao T
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r{n:

g ¢ I4

4) €& A=

gy sies 22 AdFFe $HEU)Y s T oppb FEOIFNEA F
g AAEAYE 2ez 30 Rud A2 s 59 deF 3w
9 FE=HAE 47 0019~12(FF 15) we/l, 1.2~42(8F 27 p/LE LA
ATHIL 2 dFE nF= v FAA WAGEAHSE o] &dd A3t
TF9 $FFS AL, AFA AFT £ A= Wy Ystd NEE FeES
AAEste A A BA%E HE va AESHT Table 35905 F4A
FAE R o2 243 AdFFe] dasx: % #d 94 98 EAE
R =

TFEAL 8 F EEEYoZ wE 05~100 ppb FE=EHY 77HA FAM &
Ag ol gsted AFPEU) I AAZAL AR Figure 4491 e



oM AR BEHAE 2% olshE UrE}k‘iiuﬂ, =7
BEkel FdEEAAE 2-12% Wit ¥ F
AE e YERH. o)A %"ﬂ% A 2

i

FYs o @& atsbgd o
& ASFTe e FALAY St 7103 Ao 2 AdHth Table 360 2
oA F=HHNA Curried Aol s)A Ass A3} ALA

559 Np)el 22BASAE 247 1~3 ppb, 01~15 ppb Wel AT
QG ol §T A9 9% 10 % olske] LAUNN FuF Sebmel FFo) 7
53 AL ¢ 7 U Figure 45918 L3 AstrAl R gt AHHYL 5

292 Pbd 2P MBS AN A e AsEA RN B
o getzoze WA BHAA A5HE 2] Aot wd ABLAY
SAS WARAY SHARe] WATHE AHY ¥ Waw EEA 29e
oJgalel H4e AP AT $oF FES OE AR BEEee 4A
8 AsteARel #ohsted APWoE FFAGU Table 379 E4BHE e

#

How HHF 3Fge HT 965% o) deluth. EI Figure 46a, boll B0 vhe}
A 2HERGAAN A ETdE e A 2%

AXHY 5P g B4 AT vjwo]A Table 3691 B upepzo] H| s}

2} BAoa AHMA B3 wgr)e A,

P BAZEE Yoy £§

Moz dge] AREHd &

Lo
e ok 2Eu 74T keVS ATHAE ZHsel AFHE F9o) WE7)
g9

0"

Cl, Na, Mg, Mn, K53 2& @59 839 HH9%e 323 Axsopan
2 Ao A AN AR SAA2R(GEM 25185p, EG&G ORTEC)Oﬂ/ﬂ (5]
kev 239 Pb KX-49 43& Lojns] A% £F BE2AAL o8¢ FoiA
o 23o)A Pb KX-A Jola AZ5E 001 ops ©|8tZ FAY F A& +2
19T $EWS ol EsE Al 93, 2R Alo] gt 2776 keV 7
g olgste BHstgom AR ARE F¥I YAANTE ASH] 9B

|
Aol de Fr AvhERSHA 2PAFL Aoy ARY 553 A



g 3R Hd g 2R AT} §7 Table 38¢ YeEtAT F

o
AHR2RE UW-13 UW-2 5429 FUEZAAE 5 % o elgon F=7t
108 ol W& UW-3& 2A Jeigeh Ah9s sE59d o8l 79 BER
o WAE 20 % oYM, BEF B UW-3 o A%dE o 2 #AAES Yy

g4

gglom, Agel g8 & gol AV R EFMAL 8%
%= GFae v ANEY FRN AduA Zehd GG Razke
E7h 1 MeV o148 moluA gebdel e gabsel 98 9% Fhd 9o
2 290 B Py 9% PAERE TRE 2945 FTEL UW-19 2

12.88+£1.91 ppb, UW-39] A& 164+0.73 ppbolRor, ¥& FXoA

O —
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Byze 2 WAE Uehilth o4 ARERE s3¥el &% A o
B8g Ao2s BHgot 59 ol4e) 3712-¢ AT W, 1 Azt o)
Fe BANZOZ A9 BUES 2E AW H4UE T F dqon

¥ eAEeL 85T e $hE £ g

ZA3ZAXE vElen Z+ 233t ’E}EHE—?E e 2~12 ‘VO]S’\}IJ— AZ A7
234319 BT BEFAAE 103 %Bold

B EAHE AA Az HEs798 AR AMgsE e dd 2 34
9 499 174 FAAM AHF AdF AsFY $edF F=2E PU gez =
A3t H ot Table 400 BlupetZo] 24 E ety FEREE AFd ot &
< #kol7F A3 1 ppbell A 80 ppb F0 Aoz QlEFgon HIZH Bud

eeT[62]19] ZFHet RFAsGT A4 A FHEEAAE 4~30 % B
9\191‘:}. FEEX B B4 Z%ﬂ"ﬂ A ARG sE-AE 25~77.2 ppb ©]
R 7P EY EFHAE 212105 ppb ollen, FEAHY AL 3
7~42.8 ppb °lRT 7|EH A} BEEHAAE 11.3104 ppb ©lAth A Hol| wet
SgBEe TV AAFFY FE BIREG 8nd 24 JEd A& FHX
Aol de] ExHAYE FHERY JFREQL o2 F4FY 5 Qv E U
< W#ZFe AstFARE LA B4 ¥ 5 de 4 EATVIeRA o &E
F S ¢ F U

Ci. EHEEE It ¥ SHE AE



A - A A7 AAAER HE T FA7|F A A7 727 g 7]
T(ISO/IEC 17020, 17025)[63]°] wat AlE - HALZ| o] FAAN2d 58S
7bete] EA Eofol AE - PAlsHo gvte AL FAHoE £
42 abstEA o] FHBUALE FEI YA g Al
(Korea Laboratory Acreditation Scheme, KOLAS)[64]2 ISQoll A
a9 AN -3 FEAAN2E, A4 2 FES 3
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Z, 24 2 48 aTAYY 3%, AYARAY FA4 Fu 8 2AH 54,
H A A4 Fus YN E2) olnlA ARFL E F Ak AP
she}l 2REEe vm 1Y R 234 KAl v AL B}
g & 9t 2o 2RE oMl 2AITA 1509 A L A&ade X
ol Hglom Augn gl b AR ANE WA AGAE A
Ao BE BAARLE o|Ae Hgsts FAN2WL gsdotth FAA

zde 3 wAE B £A9 Fush ARelthe7T-70] B AFAME o A=
g2, FA4YA, 714 dAe] @RS ol%5m KOLAS

ANExr FH2BF & THS s8% Aot 8 Ageld AFaT A
vl S B3t A4 AE FP5dE BH}E A2 FAFRE F
e oy 7HA TS o184 F Utk S¥E AF2 EA Aoy A
AiA E AEae] TEE AUt APV 23 e FAHE #AsA
7)ol MAsE &% AdY 58 =E ASV7Y uAI BEE FAMEE =
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A AAEL BT U AL BENFYPSEHS FHALT o Ada ol &
A A NEF FAT & A AlFio U FZ#Y AAE AAANZF A
om AAH/ Ee AFHE VTS Basted Algid A¥sHd dg gF
ZAF 715 S AT I/ EE ZAFHOE AF5Hd U FHA BRIl &
o] 3t}

SUE AP Z2 P A AHESE BASE ISO/EC guide 43-1& 7|22
st ZF Al 4o EMZARES EHEE FAXEA 2 T3 Z-scoreE £4
TP Hristn gk ™A dlolHY F9F(median)dl 2HsE IEE F
2843 Zgkol 09 Afols B FPFHo| ofF 53 o2 Fristn 1<)
Agole TE, £2 - £3¢ AEE gALEE HoF, £330 4dde ENEg
Ro 2 H7}e outlier® /3o

£ d7ddAe 999 1199 KOLASAMR oA AAIgE A A FEA 5(99-94,

99-9B)°ll g sHE Aol st e 1 ZAH}E Table 429 Yetith 9
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AA ¥ AdE 7 2IANEE AF3] £4357] A= dr1EI S Al

Aahed AHess BEUY Fng e 9259 $3E dotopw @t

AR E PMzs9t PMy EXAANEE A%oz FAE S &4 vgsy B4L &7 o
Fo EXF9 AAie AHES 22 Fl7] YA e vEg FEEFY B4 E
TEE 4% F o wg BAFE dorstt. 53], AFF FHIA g5 &
s 29 ol Uiy ez Hol v/t drjdEd FEEHY M I+
2o g2 Mdasolopgitt. Table 430 & A8l AL T EE g £44
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g 43 FFoE FIs Ak ol FA IV e APLNY F

dzulasty] fEiAe S0 HA dig Aol BeFolth olgt Bt HZ
de IALAE7) T FH TAFHA ] NAA, PIXE, XRF 53 2& 9
471 v £3lo ICP, AASTE °|&% d7|aAded F&8AF7 AT F
AT 3 A (UNDP/RCA/IAEA Project on Air Pollution and Its Trends)ZE <3

930 Y= sk B A7E 347 wu}zz}-wg 9 RxF HFAse] A

(2) W71 ERJNEY FH

A7 2 - A5t 297540 e =AAGH vy FFg s
g8 MA}AE, 1.5m Eol2 X F o AFHF I+ 71(Gent stacked
filter unit)2 VA YAH(<25mm) &+ ZNYA2E5-10m)ZE T3t polycarbonate
filter( § 47mm, Nuclepore)doll #1a 4tk A8 $HAA7 Y 82 NAFZAY,
2%, FUEE, T, T, EX)ES 7] St (Table 45), 27|7&52 oF 18 ¢
/min & 233t 24N Fd F 2388 FHAAST A AEFHEL
e Fdg Z73AM F FH7Y E5 & Ao &E, &

2ASLDFT 429 Aol7k gYout FAY & dE A=Y FAsgh
=

+3 BHAlEE FL(257), 3548G0%)e AZ el 147 2#3 & A
7178 stHE 23A717] Y8 %o A Yol WolE A -&(Mettler, readability : 0.1

(3) A7 2R 5 4
A8 1996 449538 1998d 547tA A7)k ARSI AT 7T A G df
St 4 PMyp FEIZ(TSPM)F 215 Y4(Al As, Br, Ce, Cl, Co, Cr, Fe,
K, I, La, Mg, Mn, Na, Sb, Sc, Se, Sm, Ti, V, Zn)¢] €3 d5s=E T34
TEX4De 4435 Zt7} Table 463 Table 479 YelwWic}. gyt
Hog FFE& A2y FET 4, 599 EA JUEPLH, & A7d ARER
H dAo FEE & W3S HolA FUT. AL gFoEZRY dEe
= ALY G&Fo gig ted S AT S d Al g, Figure 473 Figure
@gelle 2t Alg A £INT T 2R FHYE TSPMe Fxeo AZH
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24 5 ] o ¥ton, Agsd a7t & A vE) ¥
Aeg 7F22h F AFelA 2 AFFEr qAdART E%o
, ZAIAGF FEAFGY TSPMo Wis) 2 ®vlE 22 0.74, 0.79°1A . =3
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TES 929 22 AHH dae vALAY B9 2dAAES 8§ 2A o
Bston &G AFdddA FEAAA vt oA FREIY g
719l wteb AAd g APE 9L A= 7oAz & Aol7t & Ue
< dAg.

(5) TAA a4 &4

lo

S8 A HAYAs 2 A9 dALL TSPM7TEY 484
A3t Fe, Scob TSPM ¥ As, Sc9} TSPMel| diste] 242k 43 3
A 2.9 Figure 53¢} Figure 540 Yehdic} Axle] 7399
9 71&7le 08~1 Welolien dEdo] w2 o=
A= ool A7y fle ALz Yeuth olgd AL =
dAett BAZ4H2Z e TSPM2 F2 493 S4QALE0
A LAPAE TSPME AFFEd ZA 71934 ¥
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3. MRE SFU MEHE 0188 EA SEXYS HIBY BEAT

2 AT "SEAVeS oL UUBALEATY XA FAFHEHAL
d3o g £33 = F5ATFIHA(UNDP/RCA/IAEA Project on Air Pollution



and Its Trends)E4 FA4A WASMEAHTL ALZF 7|82 HH7)(Gent
Stacked Air Sampler)€ °|&3stdq +HE 2% (< Img) BFEABFTY vF

2EH §E&5H7] At dVERFE 949 TR R Yol Aojd Ao
ddHe ddY F AFAANGH 3EA )

=
>
b
¥
i)
_Ll

A g

7R 9 = ‘T% At gAY dgFl2ead dFHAY FR(EF
AAEATFA)E AARSAL, 19983 11€HEH 199938 10€7H AXF Gent
SFU ®3x3712 vAdAH<L2s5 msd ZHWIAR25-10 mE TR
Polycarbonate Membrane Filter(47mm ¢, 0.4, 8 #m pore size, Nuclepore) 739l
FASIAT. Alg FHA7Y @3 NAEd 2 FAREdES V&, 5L
18 L/min 2 X33t 24A1r8<t & 234, 243 EQ (2743 F5F4¢

ae) FHRAY. A - 7o FHARE 205 T), 54 G0%)NA
ok 1-29%F BB F A7 AL F3A17]7] Al *%Po EFLE Ao ¥
% MettlerAtS] A(5AH5E: 1 pe)2 It £ F3E Q&35 9
black carbon? %<& &E733l7] H3sld IAEAZH¥H AFL-L Smoke Stain
Reflectometer(Model 43D)& AH§-3td A - 39 whitgS A Hapel w
g 24 . 7| 289

Q) FAA WA EA

EAA B2 WASLE Yot I AAHATLY A8 dAE, HANAROY
Y 01EBW0n = 1.7 x 10°n/cm’sec) 02 AW AAAE L o) 3T ZE
ANRE 5D Vs zddA 2AG 2ANL Fe) FAAE WS

Ol

of gae WX A o BENAE HASAFow AEE FAHAANEE FA
3t7] 98t activation wire(Au, Cu, Mn, Fe : Reactor Exp. 3JAIe] £&x

99.99%) & AH&39ith.

ZAlE AR 5F WUAMY #FoE REY WEHe 54 AvpdE jEE7)4
et FEE AN T ASstd 4 dae WALE
Abs AlZd ALEE nEEe] A=Zntg wEA AE7]E EG& G ORTECAH A
EZ o2 25% relative efficiency, YCo®l 1332 keVelAl 19 keV FWHM %



Peak to Compton ratio’} 45 : 1 o|9, 10cm 549 B2 HAHAIA A WA
T 2L oF WA g A A, dele 3 92 AE % 16K-

Multichannel Analyzer®} personal computerd] @Zdstgch =3 uix 9@ A&

LS RANFY] Y8 NISTRE B HZ9e NENALS 23y g& 284
Y& ALE3AT ASAIE Bk BAH 2LAE £o)7] Y8 ERAITL 5%0]

[«

12 FA%Aey F4 E pile-upd EAHES MCAS FFE7|A AFsHo=z
FYPHZZ FANAT. AZFE HolElRRE 949 FEE AN 9549
Labview® 2 TAA HASEA R AAZEIRE AHESHATH

EAgkel EAA2Le 98t NIST SRM 1648, Urban Particulate Matter®t &
Al NISTY] ZELAL EX89 24 dao e BRAFE Algegos T3
IAEAC] ol F&d Hole 435 HaAdTE T3t AHAEE Frrstdd. &3
H AAANEE AudES T3 G AT 9G4 2 ASANETY <
A% 27 we ddFH ez B o] .
3) Black carbon®] #4[68]

& 214 of 29 black carbon® ¥ ZAT7] 9
skl TIAEAC 93 3" EFAFHAAA Dr. Cohenol AAIFH ofefje] F21-& A}
&3t ATh(PMasell 7 2 &-¢)
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Black Carbon = [100/Ze]Lr1[RO/R] (&9 @ pg/ord) (14)

o] 714 e : Mass absorption coefficient, Dr. Cohen®] A|t3t 7 ont/ug,
Ro : Z7]¥ALE, 498 o2 100,
R @ 7] HkALE .

7159 black carbon® FEF Fot7] 95t KA2o] oz AALdE gl B
Hel 94 1734 ar® 38 F AFTIEAZ o] Fof v 07| RoHm)
o] black carbon®] ¥ =2 A 439t

(4) W EXsE 2 dAasEe &34

1998 11458 1999 1049744 #38 712N EY SHRNERE V)
A5k 7 Table 520 Fdste] sttt F AIAG 2 YAz7)o] wp&
29T TSPM sx=9 ®Hgtet dHT w29 Y27 9& F3isle 2 23
& Table 539 YEIS 28 Figure 55°] 92 FTRHIE =AY, =3 Al
As, Cr, Hg, Sb, ZnE B 2% 25%F 949 Wi 59 dA=7E 8|S T3}
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Aot GARA7I wE Blae A, qEFAGANNE 1§ AYs =0
FE7F AR RS ooy AFAY Afole didd we
ZH3Ad. T3 PMas/PMpd ®l€&Z dadsd Ad74E 8lugd 27
AoA AFA7 ¥  Fo2 YEY q3He dE ZAE JUE
o th3t A2 Figure 569 E=A] 3t ok
FY9 FRUE Uro] dAaFEd Hag ot Hlusty B A3
o] FF Y gol =LA UEY o FULE YEINY 8 d4e2 A9 H=
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$AYE Qe 7reg WS Enrichment Factor, EFE T3t &3t
Aolth, 949 EFge Ag%F9 EXGast 712949 vHE 7|82 (eg &
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Axrd EFgre) HlmolA Ae BE UaoA mlAdzte] EFgte]l 2Uigatrct
A detgoen dM AFFEc] 53] FFE 949 2L A9 daxe vA
Axte] A7t 2digAtRt 54 o)A = A Yttt ofd didt AFE Figure
58 PMas/PMiol Wid EF9 H| &2 YEUAY. 7493 FFAE E739
EFE A2tst A3 92559 2o [F ng Adstns A xpo]l2. RBolx
gkt olel Wik AF#E Table 579 Figure 590 HebH AT

6 NEdrste doy 24

T3t dBgdE nZIA FAEE 942 Al Fe K, La
E Q9 Hdez mHSE As, Cr, Sb, ZnEg A=gagch Addpdo] 23
A Z2UYAY A5 =& FEAEE vYEEHlen mAdxe Bfdde Al Las
=L B E Fe, KE ¥ 484 23E Btk AATAAA 47 dEdx
of thyt Y¥%xe W3 Figure 6001 YeElWon o]l TSP 9d X9

& Figure 61 ZAISIETh Ed AHAA 4] diZdie gERstE
Figure 620 YeElch 994 2Ahe] 93 dae gAY B $oE As
27t e ARAHL Bgoen g 25 dAIT) o AEgle]l A A@
dol fle ZFE et Hod A5 Mdre /1EY4L Sc ® TSPl o
4 #AG Matrixg Table 58 YEtUSith oA n2& vkep Zo] AFaA
FRF A2EZ ey

(7) Black carbon® =A4x
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REALg 9] ZAo] 23 v AUdAF2 black carbond WA F FEES AAELS
ot 9 FTgS Table 599 HEMANA 28 Figure 63 T A3t AH T3
o ALAR dstEe HAeole BIgel 292 pg/wt, AT4Y Ao 346 mg
/od otk AR AFFEee] ARAHS FotET] st JAS
£ 7343 R%to] dstEe A% 067, AT729 A% 0692M @AYol gl
A#E Jelth & ZFF =0 oA+ E black carbond] go] vl H o2 F
7tgE& &5 ok olo g AAE Figure 640 =A|8HA ot
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feiM A&Hoz dpsorst & ol
Zgay 24 94 AEEFoE 1 AS HY7 S FEed, A F
A deFLE S5 Ade] 283 JPHT e AW 24 F
shiteltt. &7, 4F o 94°*%719} Ze 94 4L 1 £50 oA T3S
I Ze A FIAG HEY 9FAYE FA7 osy, ae=AG §7], 4F7
T 2L 55 5349 §x9 ﬁ:ZHE A §=9 FIIHEY] FH wetA
FUFAANE ZAFoE & Bart ok 2N, F=A A %%71% FARE Al
U

ctoz A Wl FhH Y= BEEol §F HA Golok T Rolw, FAA
A7 2 B5gEe Foad 2l FAAYG BEBEo] e HRo
Sulgolets EANY 2418719 ARZ AEY 5 QOBE Fuwy HRo|
g nPE 2ol gedth ode Faad ad: FAgu 2 sA @
3, gF2de] 44350 A 9] W FrgE Bao] Wes 24y
ez ug TAS WA/ A5E FAA YASEAPY Aol
W Wed Popolth ey, FAA YAHEHL ol EHay £AE
247) AiAE FAR 24 ARGA a7l REF WFNZE H4 8o
st o) HAolN FEA JTE ALY WEel FuFe) FEHALEA A
g e 2o A48T Uk E @ shA AR PASEANA e

FF AFE Fohag ARE FAREAA AR AAZRE Y4HE F2, 0
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S} ARAANARRY FEALY LPEA
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Z A2 AR A (NAA © Neutron Activation Analysis)2 AlA|H 2% HE
o] EAYLE FE oy dAHHAAH AL FAANE, XF, FEAL F9
FE&AAE 2 A &Y A ol&Ho oy HIH LeEaA &ok
& FAHZSA FokollA IFujHY FrldA A o]&=7t A3 EoY 3l
T FA UTh[85-87] TAA LAFHEAM S Aoy FHEAE F F 3loH
7 73 (calibration) @} g o] @<t AZAFo] Erhe Aot o]AL A5 WALS)



2 98 AeEHE FAA 2 2AHHE y-Mo] dHYAY X-MF =gy A 2]
A3 FHEZ matrix'Fd EHE Ao FAIE £+ Q7] wfRo|d
AEAd, 79 Al554], A AH(calibration)d] &olA, 2¥

o]
o
= 54 dFod T84 #AstE4 L v 1A F(intercomparison
H

runs)oll 7H& WIS AREH I Ueh[83-92] AAl A7, AAH EF E A
A, € 3 S A AN Eensta dddd oepa ZAHAR LA
FHON vF 2 FuF EcEed JME e & e LEoh[93-96]
A A Foll FFEH Je EcEL F FERE THE £ ded, 1A
T 2AAAt sty dAo] Wy FAste] EEEA @dn FEde A
A4 EcEolL & WHAE &A4Y Ax FL 7tE T VIFY FHORRE
FHHE FY EEolth o8 nEE A9 BAAA s Fosor & A
= A 39 gl ¥+ e BHAA T AUy VITERH SHdES

Ho| Fsate] oleid o GREel o

o] g2 FuUFD Ao ols 2ol o
4 AR A7 B A& AR LA AAKE WF) 20, 2
A3 oleid LR el mEA B0 72 4TS Hu Jvke AL
o Bart slehios] LEAFY BeEe BAORN IPAR WAN B
d nEA BAY AFoln, APHA BALL 2AZ AW LRANEZFY B
&gel B4o] FaAdol gk 53 3o o 4ol HAHIL Y= 77
WEA 3 Axz AR 243 2L 54 B olgH: A%, FvFe
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o ¥shz BAZelA uw XRF %
2 Aol 57 Mg Aus gEEe 2 b
t wAe Zht FAA PASENS A9 28R 2AE AFNAAY §9)
A7A WRE HSHE 29D APEZ o5

AR FHE Ba, Sk, AL AL TS FAR PAFEANA B
_]

Al DiscH pellet & &l

e ]
=
B2 FHPESL GoiX

AR FA 2] T2 e 29 2 AR SO Astd 44T
= ALl 5] AR HED S Joke Rolth E BAAA T A}
Fe F4A A}%m 2717 Aol A7 Wil AR /& YRA B

Ll A7 THLE o

() 275, 23Y BAZ £3357] gl E 7189 dEAE é bg— o] =
A7) T o] L 9@ Yol F 4 Qo] AMALES o] 83 WET4
71EE Agste A8 Axage FYsanh

=
xu}
=2

(2) SR SHEHANEE 2ATIE A BEHE £ %
AEE7] FERA 7S T
Aoz AT7IGANA AHgsled ICP R XRF9 #4344
T 2 ZEAES TS A=t (Table 60-65) '
(4) €38 E2Y T UdA FaAdE A 2 FrIte FARAA 77
2 = < MEstinh
6) SAA WASENY BFEU FEA A A FHE AT I

AE A ZEot] dAHoz 52 WA= 7193

o
rﬁ’L'

Ch. A7 JHEt 23}

(1) AANALE o] &3t Wiy wEez g 2y 249 Fv] FAH
Ao o@de BAE § e NBAAY 71&L ALt (Figure 65)

(2) ©1% £7] % aperture methodE o] &3] AR ZFALA] Alg 879 mis
S 94X 33 thEe) AlgEE AN AR ZAAZ F YA oz A
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T8 EA(RNAA) 522 vzt A1A o

AFU e mFdae O 54 B v#F o $A(micronutrients) 2419 T840 ¢
< FzEm gk 19%6d WHO, IAEA, FAO %ol ¥¥2& £We ‘Trace
Elements in Human Nutrition and Health(d %3 2 ZHdA 2 ©
ol 2 FoAE Agsta 9o WHO Expert Committeed] Q1A ko] makgl
2o i BoAMeA, vE 94 U] dis) Festn dwAHA Anst I}
O dne, O $AE(E8 1) S 239 v Fdad dg AFA e HBs

3)
204, © w7 LA vl YA Wssiok vl T g &

ofY
(o,
2
r_:|
—
Q
&

9

g, @ 53] Frotst ofdolo]lg A% #AHH 249 Al 59 TE S4ES 1
et v A4 87F A, @ AA £9 vF d2ATE A% FAA AE Y
Zoo A £ EEE d74HY e, O AHF a7F9 FHAYEE A B
A2 FYEY o 22 #Fd gid Aot Al S V&Y A o 2
g B3 AA WAANA nF dae) Ao g o] FF3] WFHIUT A
T SEITL AARY nF A4t SAHAM BF] dET ojlg 2] &
EEE7] Wi ZA E £ doe ARe dAx YUY 23 BTy
< AYoR JFE BFd fAste Aot A7 e otF, UEEE X
g3t Qe fol obF T B v dA IR 248 A FRHo=R
RE 4285k AA] o] &Eo] B& AN BEHO fot mFULe BEFHF
AAE 7lotdl d&de e AF e AREANA vF das FHHIA T
HowA oyxe alAg £2E 2242 food aid programmesS 3] FEE
W ZAFHAT. TBE S U9 v d¥ire] APHE RE FFRA A&
& Wr=Al nEsiort #h103-108] FEl(Cu), 22=(D), 2 H(Se) 59 Z2H
F o] g AW HA disiMe e A7Vt £PHUe FF BEd] SR
BART A FHE PF A4 g fg did AR vXEe dFE 3
A, Bedoz F9ste Ade] 53] sty ojggd A JvA AEFL 2E
st e miaEe] AlF3ith ol& Y3 B AFoME PlF dYa: #E A7



7IE ZHsE 988 staA s
A2 Algd EAste S0 A4 4 2 4 7]es oj&s) A= 4
F9 ke AE&E F don, AFEH A gy FH U AF5FF o] V)
A% 4 odoh. ®I B4 ot To] BHYE o YR E HIErrHor A
A Z4E8 5 e AAE FEY F 9loy e S B FNRAFY AREF,
ARETE TS HT T 3o Vs ofol U FHH FJE drd =&
o] @t}
L, P2
- AFEAS T gy A4F F B4 ZFFY FANNE 93 AF g4t
A g 3t survey 2 samplingst 4ok
- AETH AR A AF total diet)) W FulF Y2 BN YT
AL HAE EYE N o (Figure 67, Figure 68)
- A7 ddTE AU FY source W9 HlFAAE D oin vitro P FELE A
A sk _
- v Egae AU Fdl A By AT FHE A

C}. eiqzfat 243
- =2l dY FA MBS FAGHE(Table 76a, b) total diet(Table 77),
¥ 4 F(Table 78-81) W] mF i &F BIXE HxZ A
Z AF U9 mF i FFEIE S8 (Table 82)
- F3a T dE SR WY v 9a FHEEE SAHI}AT.(Table

ﬂl

o

83a-f)

- gof Bgxle wit B8 53 ingestiond 53 mHEFULY AW Fd
S HIL8kA

- FEITFY AJ T TS FPAe A 2 8L FI F4Y
S E3 nFdae] AU FAFES HoskA

- AEY 2 5 AETH ANEY FAA UAEENE T3 4 BAR
AsA Frrel 7ure #8359tk (Table 84)
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JEHH Asd EAE FuF A2 FA4A AR L By s
Mg Bal A2 AT A2l Agan], 434 BAA g3 £7 4 =
A BASEE GO Tldste Aol B AT AF Zxoln o i fUd
Neg 4daA AAn Azey mEde PP £ 22 ZAge o
% d4% BT FHA BAT F Je PEE ALSE Qo] Fasd
ool ZFol PREE AT A8E AAHT B surveyd AR ¥
A AnE BA

@RHo2 FAg & e /S vhAGRG 1A EA
A

el 54 f3 AGFY 2He 2A4F B FPAY 2, g 242 F
B FAA BASRAY AgBA Y $EHE FAoH, AF AHEHE FHA
o #Ag T3 54 dao AW ¥4 A2E gGtua dgoh. =@ dE A
9 A&HA ¥4E FH FF dF qFas F748 J15A AFY g D
Tl 28 YA RN S e A
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o
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S

] &¢] sampling, sample preparation, sample
preservation methodE FHstGow AFFHE A% Y M4 2L &4 2
Heo BANNE AT AT NG ABEE surveystd A& AH o] FE3ch
T3 o A4 HHe TR YASEAREE IE(INAA, ENAA, RNAA
)t AETH AR(EE, &, total diet) WY SPF 4 F4& 9% 94
E A EAEES MEsAT. olg B A dATE AW 9 source W
R in vitro PIFELE FAFEASIY mFdL AW el dE B

=
A 8RuH BAE sy

g
A e ddE 53 A JE dHolHY A FA%
| 9@ EFAR 8, FF 4 Bge 2

=

2He 58 54 92 AW £9 229 HA Fo) ALYz YAt T A
otk B8 F4A PASEAA BRF 154 4F TS THe 4ERD
F = AT AREA 2 GFL U & Jom FrHo2 A7 F

X
T
Qe slwe) THol Wasith EE old AT/ BAY TR AR B4
2348 AADeE Feste] FAMln ALHA FFY AT L] 2a7AT
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AFH B T AETH AR FAX WAEEAS 5u gdd 34 23
A Brl7b hsdsitke Al HIHQ dolEY Frel trekst Hrh 71w
TS Tk AETA Age FAAA WAIEEAME T3 Hedth Safety9t Health
Status Enhancement’} 7} 3tthe Aot

4. AF I LA ] HEAHE

- R LA EMAIE Y HETH )\]E’n-‘l] Mol 87 HE gYgd Fobd
N W7 Al BRAAY F5E AT o] 87wk &,

- B, 84, 9= ‘33?94 A4

- o 2da At AGAE LA &8

- HFAHA F71 H]"]Ei—g] gret g Hrb 71y MEE T3k health
safety 9t health status enhancement®] &

}

H 10 ® C{MIEXY 0715 SHES52 Al ¥ 2H710{E "I} [109]

1. 9FEe] 53 ¥ WL

0x

EA ti71F FEEY e AN 4o 2] Wl oz AdF UA



JeEs 2 %) Aol e EAR AW AnT AX7} g 53, FUA
4o A9 Yd FEHL LT S FHOE AT AA Asl=s s e
% daEAY, FEALS gros B4 359 A5 S5 B4 old u}
g3 QA AAE FAE UM A9 FE wt Uk $H, AA A
B718 37 98l As, Cr(6), Cd o 2e w3k FHE TRP =4 F5Y 37
2 5E ABE 27 g dHelth

U drledd FHAA 99 79 L BAE AdME 49 Br1o@Bd
of HE 71z 2AF QASolol #I, o]F T 71 1A A2 Fw
b BgAolt AA HNE B 4D FRle] YAFR B F Y& WA
A AAEE FrRE F BAL 2] W o8 HFoE Urd BB
d% G BHE HHY TAZ A 4 THo| BLF FEHT
dals HHE SEE =9, F8Y & AL Aolth
2. HFY FS B A

7L 2

BABXRE 19999 59 29 AT 1217 HYS gAoE 97dE AT
2} $2 2A AT 96 72323 BRT 9% Z718 78797 Hol '97d 1d 7t
2 o 4d Ao YEWtz HEIAEY, AA o dAe 80% HErt
H RAe=2 Boly] wiid '97d = AA o A FAte= 108 o o]
o2 AT BAHA w=w 97d FeE F ALASF 247 oY
22.2% <1 5300094 o] Fo2 AFE Aoz vegor o £Xx L 3
BAR AR (11, 603%)9) % 5uiu ®oh olg AWA A mE, )
$ 99 =(background sources)ZHE ¢ IA g% 18 x 107 olT AE
2 Q3 WA ANt YSEE 203 x 107 o)t n]Te AL WA 2HYEE
oF WAl Y EE 25 x 107 o]z AEXZ Ad FA AL YsEE 20 x
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Hol gl Aqez AN AT SH4E5Y $E7F 7HE B8 AR dA
He A9F5 ¢ Xolth 715 FREIPM-102 did 12 F9d dgEs F
A

A EA AL 2o X3 high-volume air sampler (Graseby Andersen
SAUV-10H ModeD& o 085 m’/mine2 A8t} A&gd F7]%Fe] < 1,200
m’7t FAHEE TPH G

2= FYdFdR (Whatman EPM 2000, 8" X10")& ARE£3F 1, 19994 4

B 20009 1€7bA] wlF FFol 4 ARG 24X EHEHAT High
volume air sampler®] & ¥3to] ME F7] FUFL FF 7IEAE 0] &34
Az A ANEARE FEZA AEHE FFE st FAstA R, 50042t
43 & motor brushE W&T wivlt} orifice calibrator (GMW-25)& ©] &8}
F&& EASGH. 238 AHT A& AEHAA A=A A BFsn FAE

9 % Ag 2AA7A dAACHA »astt

)

N

(2) A= Bt By

siE FHrh wEE vl = NAS(National Academy of Sciences)ZF 19834, 9
e Hrl FAS 1) H3e #Ql(hazard identification), 2) =% HJ}
(exposure assessment), 3) & #ZF-9k-2 37} (dose-response assessment) E 4) 9
= ZAH(risk characterization)®] 4GAIZ Ze|stHA BY FHeA AHHFNA
3 olg ZA A8 F<l(hazard identification) 2 &9 7 F3H(hazard
quantification)zte ¥ CAZ s vk A A H7HA o] &5t xF
ol BHFA A= US. EPA A A[110]¢F IARC(International Agency on Cancer
Research) A A[111, 112]Q18l, ¥ &/ AAF EPAY £/FAAE A€t EPA
9] 1999'd IRIS(Integrated Risk Information System)[113]o] ZA3sted EAFSE
o wg FFE B A

H =
NE E3, 5E B4 2 8% JrAxe 34¢ Figure 699 vhebh.

2 AT gAAl B71F B4F59 29l s Asten a3HE A9
e G Yo

F ¢ 2d ud 12 324 e 1559 S4FEd s 14920 24
A &EH o 15 54859 3502 AW AY FR9

]
BrbstA k. Figure 703 Figure 71% 1999 9] =4 3£ A

[+} L4
HAased BELAE BRAF3 13 Table 850 Blulel Zo] AA 2gE=d



2 As, Cr(6), Ni(subsulfide)Q] 7% 4e HosTe 747 6.05 240, 2.81
ng/m*elm AF o] F¥Hs WPEH Be, Cd, Pbe] HavTs= 2424 006, 3.92,
14599 ng/m’2 JEbskch 8l n wger 239 Mne BT FEE 4460 ng/m’
olth. Table 86 o Table 870 m3lutsl o] sz By} AW EHFEe &
o AF B AFrE 7.0x10° o2 & AAE J1FY 10°¢ x3}sn
214 b2 Al As, Cr(6), Ni(subsulfide) 2.2 213 =7t 62X107° o
I ORI 2GEAA Be, CAE AT SlHEE 80x10° ot} AA wIEF
(human carcinogen: Group A)¢l As¥} Cr(ﬁ)gil‘f«lﬂ-‘l] =T BEAZTE Y3
Tof o 86 %E st o o F E-e I HHE #st a3

3. SE Hdx H ffe]7)0ix

7. SE 2k

EA A7 FE5 sEE AT EA4ol 7] "E ol A UA

AflzE 1 vre] S Qe @EAR Qs AKX JA 7 g1 E), 2w A
o A% LUdFHS 3 EHFLE0F 3 AA YA A g @

A1, 2 FEAYL dF ELEEH(human
carcinogen: Group A)¢l As¥ Cr()2L2HEHY A=rl =45 Halse <
86 %E Afrsta A makA, o] F EH W wWEH A B Ao B
3 Ao FEHAJY B dF9 T 2 EXQ 1559 SAFTEHY tF T
=& gotstr) i 1d s AFHo R ujF 13, 24434 PM-10 A8 &
Hsto] EAs A g uh, AERHALY dEAHC] 7N AEY] 4SS T F

AL 4 559 deddseo vE BEEQA 4"
3 FAA vEhG AoE EJAHJT. W, xR g FEEH £40] FYH
olglg EAE AL AH3| A F7F BFet AEHA AU 2

£ =
astm ool wEE 7 S4FSe FEEE et FF FA Hojok T Aol
o}

N
=

A

M

Lt £R9l 710iE

ZUy e FelHd 4
of e 7% RAF AgE oot a3, o) B Azt 1A A8 &
7} EAHoth, E3], f3 HNLPERE AT AA HJANEE Hrrshy) HAsAME

ol

2 #YE AgME F3l WL EEZ



AR 13]9] ©@r] ZALZE EXE vlE ol&  §flx Hox € 39 o]4e

2l 7] A g H, ole Al AsiE FrE AF Friol dAF
Ad S F e WAL HMEE BUkste F 2HE 2] gREolth o] & Ht
goz tirjd #EE AT FEAY dAVIE AAY 2AZ AR 4 350
g3 &8st gle Ase HUhE fdE =9, #8% &+ A& Aot 1¥
2 d71ed 2 FF 8l =(public risk)7}F olv] A3 FAE Ho st LY
Zre] M3 A gutFo], tried HulEE AWMH o2 Hrlsjol st o
Bt Ao At gi7)Fe HA LFEAY J|E Ao o|FojX ol &
Aot AA Az Frte o9 Zo] vA LEEAZNH JAE BRI
g BEHo IR ol&HE ?JEI&J 2tholn] 7] Ro| e A} v|FsHo
A& B#HQ A Y44 =92 AFANIE EFF T2 JTsiA €
t}.

4. AP YL EHEAHE

2 AT die driFe] A F
2 A5RAM9 An7t 2 A7 S4F 4 ]
4o o] Jtsde B F1 oy % £ 2dgdS A% 7
2 o]gE Aot @H, F&) treFER U olAzRY T HEE
A A= Frle szl digd dY H7FA(point estimate)E& A A= WY
AL skoh & #Hobx] B4 (point-estimate analysis)S 3 7FA] & A A
Zr=th(114] AA, 98 ol met Jd g, B g3 Jodd VM E
st H=E HAFoEAN e FrAY @A BT FIh lﬂxﬁ
B A =(the degree of conservatism)& & 71 glon dvkxez
A E4e dsta 7] W&o ¢ HrrAd diste] A% 7R
AAolth. 4, HAd A Az A, B ¥FE 474 EF¥AHAY

SN

rsk

A=Y AT2 L AFbias)s AAFOEN A= ke AA A @
}7] ol8 & Alvg 2ol qm Aol ®oh iAoz o H7EA Wy o
A B2 4 WEsd distd A Adigts Ab&ste] HrhE] &

S E4E RS st e dFTAA Rz

10 % Ex *£25 %olA Aitste "= £49
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e 2 HJr ooz te 2 Hr i m!o to o ro
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FEE2A Yl ¥ A (probabilistic risk analysis)< o813 @Y H7hx]
(point-estimate analysis)®] ATHE NFE & e WH[115 1l16lely @A
o WAld E44S Fig YA AFer] gio sz Felay
s5< B7HE Y=Y A E(whole picture)oll o 7d7ke] tirbd & Qlth g
o v)= ¥ #8733 (U. S, Environmental Protection Agency)& 19861 ¢} ot
= H7F A A (Guidelines for Carcinogen Risk Assessment of 1986) ¢ 3=
10de] A 1996 dell, 2 2he} @At Aol gk MNE A AT AHRE vy
Hvoh #4323 9= FUE L7d%te AR AL A< o v (Proposed
Guidelines for Carcinogen Risk Assessment)[117] A HZE A& vl#EZFd)
ATt AGE AR T HAME HrF AL A=A A (risk characterization)
Al Yle #YPAE fstd fdlT Bt HA AEF tlEo YHE kY
NYEE ATEEZ dustn ot 222 3 Y 9Jax Hrie &5

74 o

2 faE BAe Awop AW ) o] Poke AT glo} o}AE B
of Wed 87 W1F SHEEY AT FEARG AN W5 4 F5
£ vlu e ARtk Habd ola @ SHFE 4V FEEHH $5Y
g4 AL, 2T o8 ol &% BEEH AE BHo| uP AFH Ao
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R AA, Z2IAPFE, 7ISHIANTE FEE 2HLYIAH

7h. ‘SiLtE’ SMA SAIEEMAIM M, H2t (CISXE EHI|E & FA 7
u, 2471&2] QA/QC)

A

(1) 'stHE TR/ WASEAARAFY st T olFZAXY A AMAM(H
o= ¢tAA)E 93 2-way Diverter, Loader, Receiverd A& Ax|,
2 EAANEAESY T

(2) FBANE A5 ZAotEF oy Hgf 3 ANR=(DOS)e A

(3) PTS#2 Al2dle] 23d& §§ dat T2 I(WINDOWS)9| 7HeE.

(4) NAAE PTS#20] Auto-receiver A2t AX 2 £ 2 AAZAE HAL
29 A

(5) NAAZ 2 3 (MCA : Gamma-Vision S/W)2] Upgrading.

(6) Auto-Sample Changer(5 Racks, Controller)¢] 7).

(7) EFANE T HetE R doly A8 §F ANZT=(WINIS : Labview)
2] Upgrading.

(8) Irradiation PE Capsule(2%) ¥ A|5W 587124 7F)9] F4F A2
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7HHINAA/ENAA/RNAA).
MEAAN2E F5E AT FAHGAY 2 271U FISO/IEC, KOLAS)
F23te] F7F A AA AdHAZ(KOLAS)S 712 L AJSO 17025)

S

_7'15_
AT FAA2E FEHE H5td FUHY AA7 B
A~
‘IEI‘

HE AP(12 FAAIR) sty A FEHS HU)
4) AFALE  AF=F 38, dAA, FELAdFE, AaA, XAIA, NAAA A

NAAZ A, AlgRr 314 (KOLAS/IAEA).
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(1) NAASE7]& Mg 93 874 2 AARA A7E5 943 24388 &
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Table 1. Current status of research reactor in the world(1999, IAEA Data).

SHOT/ | PLAN/ SHOT/ | PLAN
No. Country OPR DECOM| CONS No. Country OPR DECOI\{\ CONS/
1 Algeria 2 0 0 56 | Switzerland 3 3 0
2 Argentina 6 ] 0 57 | Syrian Arab Republic 1 0 0
3 Australia 1 2 1 58 | Taiwan 3 3 1
4 Austria 3 0 0 59 | Thailand 1 0 1
5 Bangladesh 1 0 0 60 { Tunisia 0 0 1
6 Belarus 0 | 0 61 | Turkey 1 2 0
7 Belgium 4 2 0 62 | Ukraine 1 0 0
8 Brazil 4 0 0 63 | United Kingdom 4 0 0
9 Bulgaria 0 1 0 64 | USA 54 173 0
10 | Canada 9 7 3 65 | Uraguay 0 1 0
11 Chile 2 0 0 66 | Uzbekistan 1 0 0
12 { China 13 2 3 67 | Venezuela 0 1 0
13 | Colombia 1 0 0 68 | Viet Nam 1 0 0
14 | Czech Republic 3 2 0 69 | Yugoslavia 1 1 0
15 | Dem. PRK 1 0 0
16 | Dem. R. Congo 1 1 0 g A 290 323 20
17 | Denmark 2 1 0
18 | Egypt 2 0 0
19 | European Union 0 1 0
20 | Finland 1 1 0
21 France 15 16 1
22 | Georgia 0 1 0
23 | Cermany 15 3 ]
24 | Chana 1 0 0
25 | Greece 2 1 0
26 | Hungary 2 1 0
27 | India 5 4 0
28 | Indonesia 3 0 1
29 | lran 4 0 1
30 { Irag 0 2 0
31 Israel 1 1 0
32 | ltaly 5 9 0
33 | Jamaica 1 0 0
34 | Japan 20 4 0
35 | Kazakhstan 3 0 0
36 | Korea, Republic 2 2 0
37 | Latvia 1 1 0
38 | Malaysia 1 0 0
39 | Mexico 3 1 0
40 | Morocco 0 0 1
41 Netherlands 3 2 0
42 | Nigeria 0 0 1
43 | Norway 2 0 0
44 | Pakistan 2 0 0
45 | Peru 2 0 0
46 | Philippines 0 1 0 * Age distribution(%6) of RR in the world
47 | Poland 1 3 0 years 0-9 79
48 | Portugal 1 0 0 10 - 19 12.5
49 | Romania 2 2 0 20 - 29 18.9
50 | Russian 62 29 2 30 - 39 50.2
51 Slovakia 0 0 2 40 - 49 10.2
52 | Slovenia 1 0 0
53 | South Africa 1 0 0
54 | Spain 0 4 0
55 | Sweden 2 2 0 http://www iaea.org/worldatom/rrdb/




Table 2. Advantage factor of epithermal neutron activation analysis.

Shield Material
Nuclide
Cadmium Boron
A 75 42
AL 125 8
2By 9.2 54
Med 18 160
128 16 54
Mg ' - 32
Mo 18 160
122gy, 16 37
125m
Sn 23 92
§mgp 11 36
Si(®AL AN 35 320

* “Na : Interfering activity
* A. G. Hanna et al ; J.Radioanal.Chem.,37, 5381(1977)



Table 3. Elements suitable for determination in rock sample by thermal

and epithermal neutron activation analysis.

(ny) a Selected | |rradiation Mode b)
Element Product Half Life /o Y -Energy Advantage
Nuclide th KeV TS|ES|TL|EL Factor
Na “Na 15.03 h 0.60 1368.4 | O *
Mg Mg 9.46 m 0.77 10141 | O 6.48
Al BAl 23 m 0.75 17789 | O 0.98
Cl e 372 m 0.71 1642 | O 0.80
K 2 12.36 h 0.96 15247 | O 0.90
Ca “Ca 872 m 0.83 3083 | O 0.88
Sc °5¢ 84 d 0.42 889.4 0 0.38
Ti i 58 m 067 320 |0 0.95
Y 2y 375m 053 1434 | O 0.26
Cr ce 27.7 d 0.51 320 0 0.49/0.54
Mn %Mn 258 h 1.04 18107 | O 1.43
Fe Sre 446 d 1.09 1098.6 0 1.91
Co %Co 5272 y 168 11732 0|0 069
Ni® %Co 713 d - 810.3 0 ND
Zn %7n 265 d 1.84 1115.4 O | O] 3.93/3.27
Ga "Ga 14.1 h 6.60 834.1 0 3.51
As ®As 264 h 1362 559.2 O| ND
Se "Ge 120 d 9.92 264.6 0 N.D
Br gy 354 h 1859 617 0 O| 898
Rb ) 187 d 1146 1076.6 0 4.40
Sr 85gr 649d 11.79 514 0 N.D
S 29h 570 388.5 0 5.25
Zr %7 65 d 6.0 756.6 0 ND
Mo BMo(P™Tc) 667 h  56.15 140.6 O] 1056
In Hom, 54 m 1605 417 0 7.20
Sb 122gy, 28d 3424 564 0| 2737
12gp 601 d 2992 602.6 0 N.D
Cs 1meg 289 h 120 127.4 0 N.D
BiCs 205y 160 795.8 O 1759
Ba Blpa 12d 208 216.1 Ol 2112
13982 83 m 0.89 1658 | O | O 2.73
La "L a 4027 h 1.37 1595.4 0|00 1.06
Ce “Ce 325 d 0.84 145.4 0 0.46
Nd "INd 1134 193 91.4 0|0 699
Sm 15 471 h 1437 103.2 0l01]0 8.62
Eu 152me 93 h 0.57 1218 | O 1.35
52y 123y 060  1407.4 010
Tb "OTh 73d 1724 879.4 o 205
Dy "%y 237 h 0.24 946 | O 1.45
Yb "“vb 31d 879 177 0| 0| ND/3.44
Py 4.2 d 0.53 396.1 0
Lu "y 6.7 d 1.81 208.4 00 3.29
Hf W 43d 267 482.2 ojo| 12
Ta AP 115d 3335 12216 0 4.43
W Sy 238 h 1324 685.7 0 ND
Th' NGE 27d 823 311.8 O| 1694
U “Np 235d 2763 277.5 O] 3286

a) E. Gryntakis, D. E. Cullen, G. Mundy ; Handbook on Nuclear Activation Data, Tech. Report
Series, No.273, IAEA, Vienna, 1987

b} Experimental Data ;

All Calculation are based on *Na as the interfering activity.




Table 4. Measured thermal, epithermal and fast neutron flux of NAA

irradiation holes and cadimium ratios at 2ZMW thermal power.

_ Neutron flux, n/cm’sec. _
Irradiation Cadimium
Hole Thermal, @ Epithermal, @. Fast, @; Ratio(Au)
NAA 1 1.75+0.02 x 10" | 3.62+2.13 x 10" | 3.25+0.14 x 10" 205
NAA 2 .
, 5.78+056 x 10" | 3.40%£0.41 x 10" | 3.85+£0.31 x 10° 35
(Cd lined)
NAA 3 | 7.60£0.06 x 10" | 435+1.85 x 10" | 6.80£0.70 x 10" 13

Table 5. Physical property of PE irradiation capsule used and temperature
measurement on PTS irradiation holes(22MW).

Time {(min)
05 | 5 10 30 60 NeutronzFlux Dose Rate

L (n/cm®s) | (rads/s)
Irradiation &
Temperature("C)

PTS #1 <A40|<40|<40|<45|<50[< 60| 1.75 E+13 | 3500

PTS #2 (Cd) | < 40| < 70|< 90 - - - 6.05 E+11

PTS #2 <401<60|< 75 - - - 7.50 E+13

* Temperature Monitor : Thermo Label and Tape (30-120C Range), Japan.
* Proerties of PE Irradiation Capsule :

Melting Index :
Melting Point : 132 C

Density : 0.95

20.7

Impurities @ < 1-100 ppm



Table 6. Physical and polymeric characteristics of the old rabbit.

Analysis Method Resuits Remarks
Av MW GPC 94800 narrow range of Mw
(minimum) 23700 good mechanical property
(maximum) 301300
Melting- 190°C, 15.1g/10min good flow injection property
Index 2160kg
Cross- ASTM No
Link
Material FT-1R Pure HDPE
Additive GC No No antioxidents

NMR No Comonomer HDPE
Density AST™M 0.952

Table 7. Inorganic elemental concentration(ug/g) of the old rabbit.

Element| Ca Mg Al TP Na Fe Zn Cl Mn As
Content{220 140 74 6.1 1.3 2.3 0.06 38 0.17 0.0005
Element| Br Sb la Cr Hf Co Eu Sc Ce Sm
Content| 0.009 0.0031 0.01 0.31 0.0007 0.0043 <0.01 <0.0001 0.05 0.00007




Table 8. Physical properties of HDPE pellets.

\Pm{rt'y\ M D H ST 7

New Materia
New-1 7.0 0.949 21 125 72
New-2 25 0.953 9.0 120 69
New-3 8.0 0.961 6.0 125 70
New-4 18 0.958 4.0 123 67
New-5 18 0.962 4.0 120 70
New-6 55 0.962 12 120 70
New-7 7.5 0.962 8.0 120 69

*MI : melting index(g/10min), D : density(g/cr)
H : IZOD Impact Strength(kg.cm/cm), ST : Softening Point(C)
TT : Heat Deflection Temperature(TC)




Table 9. Elemental concentration(ug/g) of candidate HDPE irradiation rabbit
by NAA.

Element New-1 New-2  New-3 New-4 New-5 New-6 New-7
Ca 150 160 130 300 130 160 140
Mg 110 110 23 26 17 15 20
Al 76 52 13 23 71 70 100
Ti 4.1 52 9.4 13 24 2.5 35
Na 0.20 043 0.13 0.92 043 0.12 0.41
Fe 1.5 <0.75 0.52 0.81 2.2 0.92 2.2
Zn <0.034 0.1 <0.030 0.055 0.091 <0.050 <0.053
Cl 100 79 140 140 89 80 93
Mn <0006 <0.006  <0.006 0.010 0.0094 <0006 <0.010
As <0.0007 0.0007  <0.0003 <0.0004 0.0038 <0.0003  0.0028
Br <0.0024 0.003 0.0030 0.051 0.0055 0.0029 0.0039
Sb <0.0011  0.0029  0.0044 0.055 0.0014 0.0022 0.0009
La <0.0002 <0.0001 <0.0001 0.00072  0.0005 <0.0001  0.0002
Cr 0.021 0.020 0.0052 0.012 <0.015 0.013 0.026
Hf <0.0007 <0.0007 <0.0004 <0.0008 <0.00t <0.0010  0.0022
Co 0.0092 0.0086 0.0028 0.0034 0.0043 0.0022 0.0069
Eu <0.020  0.0017  <0.0008 <0.0003 0.0016 0.0027 0.0021
Sc <0.0001 0.00023 0.00007 0.00005  0.0001 0.00013  <0.0001
Ce 0.0095 <0.0059 <0.0028 <0.0028 0.012 <0.0086 <0.011
Sm 0.00023 <0.0001 0.00013 0.00006  0.0002 <0.0001  0.0002




Table 10. Nuclear data of elements for Neutron Activation Analysis.

.| Abundance Thermal iif Atomic | 7 - Energy
Element | Nuclear Reaction %) Cro;s Half-life Weight %)
. Section
Na | “Na(hy)*Na 100 0534 . 150 h 22.99 1368.4(47)
2753.6(52)
Mg | "Mg(ny)"Mg 1.17 0027 951 m 2431 1014(43)
A | PAIn ) RAl 100 0.235 231 m 26.98 1778.9(100)
K K&K 6.88 | 1.2 125 h 39.10 1524.7(100)
Ca | ®Cahv)®Ca 0.185 11 875 m 40.08 3083(100)
Sc | “Selny)®sc 100 15 84.0 d 4496 889.4(100)
Ti | ¥t 534 0.14 580 m 47.90 320(100)
v Ve 99.76 49 375 m 50.94 1434.4(100)
| ¥criny’cr 431 170 278 d 520 320(100)
M | SMn(ny)%Mn 100 133 258 h 5494 846.9(99) -
Fe | *re(ny)Fe 033 1.2 450 d 55.85 1098.6(56)
Co | ¥Colnv)*Co 100 172 526y 58.93 1173.1(100)
: 1332.5(100)
R | ®Ro(n,y)*Rb 7215 07 1868 d 85.47 1076.6(100)
St | ®Se(ny)¥sr 9.86 0.8 29 h 87.62 388.5(100)
Te | ®Te(nv)'®Te | 246 1 104 d 127.60 158.8(100)
Cs | ®Csn)™Cs 100 29 206 y 132,91 604.7(98) -
Ba | ™Ba(ny)’Ba 0.101 1 120 d 137.34 124.2(58)
o | Ty 24 47 043 377 m 35.45 1642(81) |
la | ™Maty'9a 99.91 8.2 40.22 h 13891 1596.2(96)
Ce | ™Cetnv)'Ce | 8848 8.2 325 d 140.12 145.5(100)
Nd | "Nd(nv)"“Nd 17.22 10 113d 144.24 531(20)
Sm  ["Smihy)¥Sm | 26.72 210 471 h 150.40 103.2(28)
R | PRu(ny)SEu 47.82 5700 123y 151.96 344(97)
Gd | *CGdiny)™®Gd | 24.87 35 185 h 157.25 363.5(100)
™ | ™bhy®mDb 100 46 720 d 158.93 298.6(83)
Dy | "“Dy(nv)*Dy 28.18 951 23 h 162,50 94.7(100)
Ho | "Ho(n,¥)®Ho 100 64 26.7 h 16493 80.6(100)
TR I YL 14.88 9 75 h 167.26 308.2(100)
Tm |"®Tmey)™Tm | 100 127 130 d 168.93 84.3(100)
Yo | "b(ny)®Yb | 0135 5500 32 d 173.04 177(35)
L "L 259 4000 6.7 d 17497 113(6.5)
Th | ZTh(iny)™Th 100 7.4 27 d 232.04 311.9(80)
*pa)
U | Buey®y 99.74 27 2.35 d 238.04 228.212.7)
(BNp)
HE | (0 y) " 'Hf 35.24 126 430 d 178.49 133.1(43)
Ta | ®Taln,)*Ta 99.99 21 115 d 180.95 1221.6(14)
W | W) "w 28.41 38 238 h 183.85 479.3(84)




Table 11. ‘Detection limits by neutron activation analysis at a flux density

of 10" n/cm’s.

Detection Irradiation time Irradiation time
limit (g) (1 hr) (1 week)
10" ~ 10" | Dy' Eu', Dy'
0"~ 107 Co, Rh™, Ag™, In', Eu', Ir Mn, Co, Rh™', Ag™, In, Sm', Ho,
Re', I, Au.
V, Mn, Se’, Br', I', Pr, Er Na, Sc, V, Cu% Ga', As, Se’, Br',
g ~ =1 Pd
1077107 4 vy e T Sb, I', Cs, La, Pr, £, Tm', Yb',
Lu, Hf', W, Hg, Th'.
Mg, Al, CI', Ar, Cu', Ga° Mg, Al CI', Ar, K', Cr', NI',
107" ~ 10" | Nb Ge', Kr.
Cs, Sm, Ho, Lu, Re, Au, U YD, Nb, Ru, Gd], Tb1, Tl], Osl, u.
F', Na, Ge', As, Kr, Pb', Sr | F, P*, Zn, Rb', Sr, Mo, Te', Ba,
S0~ -9 Ce.
1077107 1 o Ru, Pd, Sb, Te', Ba, La, | Nd, Pt TP,
Nd', Gd', W, Os, Hg T
" " Ne™, S, K, Sc, Ti Ni, Y, . o "
10 10 Cd. Sn. Xe, Tbl, Tm, Ta, Pt Ne’, Si°, Ti, Cd, Sn, Xe, Bi".
10°% ~ 107 [ P® Cr, Zn, Ce S Ca¥, Fe, 7r.
10~ 10" | S 7r, P, BY Ph*
10° ~10° | O, Cd o

x The radionuclides produced from these elements have half-lives ranging from

1 sec to T min.

Therefore, for quantitative determination, a decay rate of the

order of 100 Bq is necessary and the elements have been placed in the next

group.

B ; Only beta~rays, no gamma-rays.

1,2) The percentages of the gamma-transitions are low. Therefore, if the activity
is measured with a gamma-spectrometer, the detection limits are lower by
the number of orders of magnitude indicated by the superscript.




Table 12. Nuclear properties and detection limit of nuclide used.

Gamma energies

Detection limit

Element Isotopes Half-life used. (Kev) (opm) SN ratio
Short-lived isotopes
Al Al-28 2.24 min 1778.9 5.6 + 02 5245
Ba Ba-139 83.3 min 165.9 2.1E + 03 0.08
Br Br-80 17.7 min 616.2 19 + 02 072
Ca Ca-49 8.72 min 3084.4 1.8 + 04 -
Cl Ci-38 37.3 min 1642.4, 2167.8 1.2E + 03 11.62
Cu Cu-66 5.1 min 1039 . 1.6E + 03 0.22
Dy Dy-165 233 hr 94.7 96E + 00 0.07
| =128 25.0 min 442.3 1.0E + 02 0.11
In In-116m 54,2 min 416.9, 10973 36E + 00 0.10
K K-42 12.36 hr 1524.7
Mg Mg-27 945 min 1014.4
Mn Mn-56 2.58 hr 846.7, 1810.7 8.8E + 01 10.23
Na Na-24 15.02 hr 1368.4, 2754.1 14E + 03 12.32
Sr Sr-87m 281 hr 388.4
Ti Ti-51 5.76 min 320.1 2.4 + 03 0.49
u U-239 23.5 min 746
V V-52 376 min 1434.2 2.3 + 01 2.57
Medium~lived isotope
As As-76 263 hr 559.1 9.5 + 01 1.54
Au Au-198 2.7 da 411.8 43 - 02 0.03
Ba Ba-131 11.7 da 123.8, 496.3 1.28 + 03 0.18
Br Br-82 353 hr 554.3, 776.5 9.7 + 01 2.82
Cd In-115m 535 hr 336.3 458 + 02 0.05
Ga Ga-72 14.1 hr 834.4, 6299
Ge Ge-T77 11.03 hr 265.3
Ho Ho-166 26.8 hr 80.6
K K-42 12.38 hr 1624.7 13E + 04 1.20
La La-140 40.23 hr 487.0, 1596.2 4.6 + 01 12.28
Lu Lu-177 6.7 da 208.4 1.5E + 00 0.08
Mo Mo-99 66.9 hr 140.5 45€ + 01 0.03
Na Na-24 15.02 hr 13684, 2754.1 4.08 + 03 21.80
Sh Sh-122 2.72 da 5641 726 + 00 376
Sm Sm-153 46.7 hr 103.2 6.0 + 00 0.92
U Np-239 2.35 da 2715 26E + 00 0.04
W W-187 239 hr 685.8 498 + 00 0.09
n Zn-69m 139 hr 4336 56E + 03 0.08

(continued)




(continued)

Gamma energies

Detection limit

Flement Isotopes Half-life used, (Kew (opm) SN ratio
Long-lived isotopes
Ag Ag-110m 252 da 657.7, 884.4 57 + 00 0.44
Ce Ce-141 325 da 1455 1.6 + 01 0.59
Co Co-60 5.26 yr 1173.2, 13325 34 + 00 6.13
Cr Cr-51 2772 da 320.1 30E + 01 4.26
Cs Cs-134 2.06 yr 7956 6.3 + 00 0.16
Eu Eu-152 12.3 yr 121.8, 1407.9 6.5E - 01 547
Fe Fe-59 446 da 1099.3, 12916 248 + 03 26.85
Hf Hf~181 424 da 4822 2.8 + 00 0.55
Hg Hg-203 466 da 279.2 6.1E + 00 0.18
Lu Lu=177m 161 da 3785 1.5E + 0 0.08
Nd Nd-147 10.99 da 914 6.8 + 01 0.08
Rb Rb-86 18.7 da 1076.6 1.8 + 02 0.28
Sh Sh-124 60.1 da 1691.0 1.8 + 01 25.95
Sc Sc-46 83.8 da 889.4, 1178.0 49€ - 01 529
Se Se-75 1185 da 264.6 29 + 01 0.34
Sn Sn-113 115 da 391.7
Sr Sr-85 649 da 5140
Ta Ta~182 115 da 12214 358 + 01 510
Tb Th-160 724 da 879.4 168 + ® 0.09
Th Pa-233 270 da 3119 298 + W0 0.
Tm Tm-170 129 da 843 44 + 00 0.07
Yb Yb~169 31 da 177.0 478 + 00 0.09
Yb-175 419 da 396.3 70E + 00 0.16
Zn Zn-65 265 da 11154 148 + 02 16.70
Zr Zr-95 64 da 756.7




Table 13. Statistical function for data analysis applied in environmental

studies.
POPLLATION SAMPLE
("All” measurements) (Sample of n—measurements)
X], X2, ------ , xn
Arithmetic Mean, U x = (1/n)Zx
o \/Z(Xi“l)z
Standard Deviation, o = —
v (n-1)
Varience, ¢ ° , st
Standard Error of Mean - sx = sv/n
. GM = (TIxp""
Geometric Mean, .
or antilog of ((log xi+log xo++++,+log Xn)/n)
Skewness, g = (1/ns?) T (x-x)°
Kurtosis, g = (1/ns) S (x-x)*
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Table 14. Analytical results of U and Th in Standard Reference Material and
mixed diet sample by RNAA.

SRM Oyster Tissue

S 1 Mixed Diet S 1
AP (Certified value © 132 * 12 ppb) e Liet sampie
Run No. 1 2 3 1 2 3
U Analytical
114 113 112 39.1 37.8 29.2
value (ppb)
Counting
8.7 13.3 2.0 9.0 10 44
error (%)
Mean * 113 % 1 ppb 354 * 4.4 ppb
sD - pp 4 = a5 PP
SRM Pine Needle ) )
Sample o Mixed Diet Sample
(Certified Value : 37 £ 8 ppb)
Run No. 1 2 1 2
- Analytical
Th | fnavtca 33 37 32 36
Value(ppb)
Counting
15 1.8 3.1 2.8
error (96)
M +
e;g 35 + 3 ppb 34 + 0.2 ppb
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Table 15. Typical conditions for the analysis of environmental samples.

Irradiation Neutron flux Sample Irradiation Cooling  Counting Element
facility  (n/em®sec)  weight time time time detected
PTS 1x 10" 510mg 2m 10 m 300 s

Al, Ba, Br, Ca, Cl, Cu, Dy, Eu,
[, In, K, Mg, Mn, Na, Ti, V

13 5 ~
PTS 1 x10 50-100 mg  10h 5-7d 2000 s As, Au Ba, Br. Cd, K, La

Mo, Na, Sb, Sm, U, W, Zn

Ag, Ce, Cr, Cs, Co, Eu,
Fe, Hf, Hg, Lu, Nd, Rb,
Sh, Sc, Se, Ta, Tb, Th,
Tm, Yb, Zn

PTS 1x10%  50-100mg 10h 15-30d 4000 s
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Table 16. The analytical results of the standard reference materials by Neutron Activation Analysis.

Method

Wheat Flour, NIST SRM 1567a

Peach Leaves, NIST SRM 1547

Total Diet, NIST SRM 1548

Bovine Liver. NIST SRM 1577b

Oyster tissue, NIST SRM 1566a

Citrus Leaves, NIST SRM 1572

Ele't (/RE/P) Certi. value | Exp. value | RE | Certi. value | Exp. value | RE | Certi. value | Exp. value | RE | Certi. value | Exp. value | RE | Certi. value | Exp. value | RE | Certi. value | Exp. value | RR
MeanSD | Mean£SD | (%)} Mean+SD | Mean£SD | (%) | Mean+SD | Mean=SD | (%8 | MeanxSD |Mean=SD| %) | Mean=SD | Mean£SD | %9 | Mean+SD | MeanzSD | (%)
Ag | 0.039£0.007 : 1.68+0.15 172019 | 24 - -
Al | 57+£13 1572+046|03 24918 249+65 | 01 (33) 344%36 (3) 202.5%125 2061223 | 1.7 9215 90+14 2.2
As | L R) (0.006) 0.060+0.018 (0.05) 140£1.2 128196 | 86 ] 3.1+03 29+03 6.4
Au ! (0.01) 0.01140.001 - -
Ba | 124+4 126£33 | 18 - - 21%3 205468 |24
Br I E 6) an 11.4£03 9.7) - 51.2%2.52 (8.2) 6.9£06
Ca | 191+4 188+9 | 1.5] 15600200 | 14950140 | 4.2 | 174070 1735+13 03 1164 11348 25 1960190 1790260 | 8.7 |31500£1000( 318001200 | 1.0
Cd | 1, ®) |0.026+0.002 0.026+0.003 0.028 £0.004 0.50+£0.03 4152038 | 372+1.04 |10.4]0.030+£0.010 -
Ce | 10 108+15 0.4 05%0.05 (0.28) 0.44+0.04
cl I (565) 535%5 36019 312403 | 132 8700400 | 8460+480 | 28 { 278060 | 2657+£23 | 44 | 8290140 | 7090£160 | 145 (414) 370+
Co [ (0.006) 0.006 (0.07) 0.074£0.003 (0.25)  {0.26+0.002 0.57+0.11 065+0.08 |140] (0.020) 0.025+0.004
Cr | m 1.18%0.01 1.43+0.46 1.46%£0.27 | 2.1 0.8+02 0.86+0.03 7.5
Cs | LR E (14) 0.014£0.0008 (0.02) - (0.098) 0.088+0.011
Cul L ® 21+£02 1214+£018119] 3704 2603 160£8 174£2 8.7 66.3%£4.3 59.7£15.1 | 99 | 16510 16607 0.6
Fu [ 0.17) 0.4) (0.01) - (0.01) 0.01£0.001
Fe I 141205 | 143201 [ 1.7] 21814 23856 | 93| 326%36 342+42 | 481 184%15 188+£6 | 2.2 53915 486+343 | 98| 90+£10 80+8 1.1
He | L ® (0.0005) 0.031£0.007 (0.003) 0.0642+0.0067 - 0.080+0.020 -
| LR E (0.0009) (0.3) 4.46+0.42 4.08+0.65 | 85§ 1.84+0.03 1.66+0.14 9.8
K i 133030 | 1271£45 | 45§ 24300+£300 | 23140+30 | 48 | 6060280 | 562070 | 7.2 | 9940£20 [9238+360] 7.1 | 7900470 | 6960+620 | 11.9] 18200+600 | 18300+300 | 05
La i 9 11116 0.3) 0.20+0.018 (0.190) 0.20+0.03
Mg | 400+20 40529 | 1.3 4320+80 4310£120 | 03 556+27 551433 1.0 601+£28 620+9 31 1180170 1130£190 | 4.2 | 5800300 6100£250 | 5.2
Mn | 94+09 |845+002102 98+3 95.1+2.1 30 5204 525002 | 09 ] 105x1.7 | 10.1+£03 | 34 12315 1M1£133 | 97 23+2 241 43
Na [ 61+08 |625+£008]24 24+%2 228+07 | 52| 6250%+260 6460£130 | 3.4 | 2420460 | 234533 | 3.1 4170£130 3630150 [129] 160+20 154+15 3.7
Rb I, E 0.68+£0.03 {0.73£009{ 79| 19.7£1.2 209+19 | 58 (4.8) 492+0.16 137£11 149+14 | 86 3 3.83%0.19 4.84+0.06 4.73£05 23
sh| ILE (0.02) (0.003) 0.01) - 0.04) 0.042£0.005
Sc i (0.04) 0.050£0.003 (0.06) 0.051+£0.005 0.0100  0.0098+0.0010
Se |ILE R| 1.1£02 |[1.152004 | 4.4]0.120£0.009 0.245+£0.005| 0.257+0.013 | 48 | 0.73£0.06 | 0.72£002| 15 221+024 246%049 | 113 0.025) -
Smi ILE m 1.18+0.05 (0.06) 0.057%0.004 (0.052) 0.045+0.005
sr|LRE 53+4 517148 | 24 0.136+0.001 11.1£10 - 100£2 985+49 |15
U | LR E} (00003 0.015) 0.035+0.0004
Th | LR E (0.05) 0.051£0.002 0.003 (0.04) - - 0.025+0.003
Y ! (0.011) 0.015 037+ 1036600221 1.0 0.123)  0.11£0.007 468+0.15 | 444%053 | 51 - -
n| LE 116204 [122£013 |47} 178=% 177205 | 12| 308+£11 342436 109 12716 | 139+£109 | 94 83057 730+30 [120 29+2 283031 |24




Table 17. Analytical results of urban particulate matter, NIST SRM 1648

by INAA.
. _Exp. Value(mg/kg) Certified Relative
Element | Nuclide Range Mean(rsd, %) Value(mg/kg)™ | Error(%6)
Al “Al 242 - 3.99 347  (154)|  3.42+0.11 15
As ®As 89.7 - 146 1029  (175) 115+10 105
Au %A | 0036 - 0.069 005 (23)
Ba 1B, 610 - 894 7297 (15.9) (737)
Br 23y 441 - 530 5236  (85) (500)
Ca®)| “Ca 0.588 - 0.845 0.708 (12)
Cd Cd 67 - 86.1 7657 (125) 75+7 2.1
Ce " Ce N4 - 486 4486  (1.94) (55)
Clog) | 0399 - 0.605 0479 (16.6) (0.45)
Co %Co 168 - 205 762 (5.7) (18)
Cr ey 382 - 412 397 (2.9) 403+12 15
Cs s 26 - 36 311 (119 (3)
Cu %Cu 565 - 642 595 (33.6) 609+27 23
Dy 1Dy 24 - 42 325 (16.8)
Fu "Ey | 075 - 079 077  (213) (0.8)
Fe(%)| *Fe 338 - 382 360 (4.0 39101 7.9
Hf i 403 - 4.83 434 (59) (4.4)
Hg Dg 272 - 4.85 367 (17.2)
| 1% 201 - 276 2328 (12.2) (20)
In 16y 092 - 143 112 (17.9) (1.0)
Koo | 0.967 - 1.22 1.052 (9.2) 1.05£0.01 0.2
La Y 36.8 — 38.4 377 @37 (42)
Lu Ty | 044 - 062 051 (105).
Mn M 618 - 1060 | 845 (15.7) (860)
Mo Mo 313 - 496 3753 (17.6)
Na(%)| *Na | 0340 - 0520 0406 (152)| 0.425+0.002 45
Nd 1INd 248 - 319 2796 (9.4)
Rb Rb 470 - 66.1 53.7 (13.9) (52)
Sh 12g 436 - 44.1 438 (47 (45)
Sc 3¢ 60 - 6.1 61 (33 7
Se PSe 224 - 235 228  (153) 27+1 15.4
Sm 198G m 48 - 52 5085 (4.1) (4.4)
Ta 18275 54 - 102 844 (173)
Th 2py 6.6 - 87 773 (1.8) (7.4)
Ti%)| T 024 - 058 041  (2.86) ©(0.40)
U ZNp 29— 36 305 (12) 5.5+0.1 445
Y Sy 104 - 173 139 (15.9) 1403 0.7
W By |38 - 64 53 (196) | (4.8)
Yb "yp | 221 - 338 309 (14)
Zn(%) | 7n 0.397 - 0.63 0433 (6.9) | 047620014 9.0

* Data in parenthesis are those of informative values.

—103—




Table 18. Results of statistical data treatment for measured elements
in urban dust.

Measured values, mg/kg
Element R Overall Standard This work
ange Mean Deviation (Mean=SD)
Ag 1.19~1.58 1.39 0.19 1.6£0.3
Al(%6) | 3.024~4.210 3.629 0.276 3.660£0.127
As 16.7~32.0 24.2 3.49 24.6£3.1
Ba 600~700 643 38.5 62078
Br 29.9~499 38.1 5.65 36.1x£14
Cd 0.56~10.6 4.45 3.36 31.4£8.0
Ce 25.0~39.9 345 4.61 34129
Cl(%) | 0.174~0.406 0.287 0.060 0.24940.018
Co 12.1~16.8 145 1.25 145+0.2
Cr 190~274 236 20.7 234+£3
Cs 2.10~4.81 3.75 0.78 3.5x0.1
Cu 463~1040 768 134 1021£236
Eu 0.58~0.72 0.66 0.07 0.69£0.02
Fe(%) | 3.580~4.693 4.070 0.280 3.921+0.069
Hf 2.10~2.83 2.53 0.23 2.55+£0.04
K(%) | 1.038~1.397 1.232 0.103 1.223+0.194
La 15.7~21.2 18.1 1.76 19.7%£0.3
Mn 653~-948 808 84.6 814%£30
Na(%6) | 0.583~0.692 0.646 0.032 0.634%£0.014
Rb 43.7~675 55.7 6.07 52.7x3.7
Sb 93.7~144 114 13.9 1M7x2
Sc 4.44~6.07 5.42 0.48 5.7%x0.1
Se 5.15~8.60 6.43 1.10 7.3x0.4
Sm 2.36~2.80 2.57 0.14 2.80x0.04
Th 4.12~5.49 5.05 043 50+£0.1
Ti(%%) | 0.160~0.289 0.222 0.033 0.289+0.064
V 68.3~125 94.3 135 99.0£7.1
W 5.63~7.10 6.60 0.59 56%£0.8
n(%6) | 0.295~0.528 0.398 0.057 0.377£0.006
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Table 19. Results of statistical data treatment for measured elements
in loaded filter sample.

Measured values, mg/kg
Element R Overall Standard This work
ange Mean Deviation (Mean=SD)
Al(%6) | 1.663~5.256 3.409 0.863 3.646+£0.233
As 21.6~24.4 23.0 0.93 23.8+2.9
Ba 58.7~877 753 102 850£360
Br 2.81~141 60.0 49.2 3.0x0.2
Ce 4.16~49.3 33.6 15.2 42.4£38.1
Cl(%6) | 0.018~0.321 0.143 0.085 0.070x0.015
Co 1.49~40.2 18.8 9.4 16.3x1.0
Cr 67~785 412 198 35339
Cu 623.7~984 807 98 828 +257
Fe(%) | 3.816~6.176 4.831 0.576 4.910x0.330
Hf 3.05~4.08 3.48 0.37 3.6+1.3
K9 | 0.825~1.120 0.979 0.090 1.040£0.058
La 17.6~27.2 21.9 317 241x£19
Mn 316~834 558 121 493x14
Na(%) | 0.221~0.417 0.336 0.059 0.378+0.003
Sb 105~140 127 11 13615
Sc 556~7.28 6.33 0.46 7.3+£0.4
Sm 1.75~4.25 3.10 0.89 75+1.6
Ti(%) | 0.183~0.351 0.260 0.043 0.245%0.006
V 25.0~142 945 29.7 89.6x11.7
/n(%) | 0.240~0.500 (.398 0.059 0.437%0.032

—105—




Table 20. Homogeneity data expressed as relative standard deviation(%) for

listed elements in IJAEA-0390 algae materials.

Element As | Br | Cd | Col Cr | Cu| Fe | Mg | Mn | Mo| Ni | Sb| Zn

|IAEA-391 9 2 1101714510616 2 10 § 35

|IAEA-392 1.7 051083517115 1 1.4 6 | 35

IAEA-383 5 3 5 5 | 3623176072746 |54 )83/ 46

Analytical INAA INAA INAA
INAA[INAA INAA{INAAL ICP ICP | ICP |INAAINAA [INAA
method AAS ICP AAS

Ref. : IAEA, Information sheet on intercomparison study on the determination

of toxic and other main and trace elements in algae IAEA-390.
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Table 21. Data intercomparison with IAEA

low level.

results for JAEA-0391,

Overall Laboratories{ppm)

This Work{ppm)

Element
Accepted range | 95% confidence interval | Mean | Mean |RSD{%)}|R.E(%)
Al 1.169~30.37 9.293~1567 1248 | 131 8.7 5.0
Ca 147.6~530 324.7~361.2 342.9 | 336.7 174 1.8
Cl 193.5~326.7 230.2~264.8 2475 | 258.1 8.2 4.3
Co 6.125~10.72 8.568 ~9.025 8797 | 9.7 2.1 10.3
Cr 0.08333~2.093 1.044~1.214 1129 | 1.2 2.5 6.3
Cu 38.27~66.65 49.46~51.46 50.31 | 49.35 32.7 19
Fe 177.7~420 282.2—~2994 290.8 | 3399 85 16.9
K 7310~11330 93229861 9592 | 9430 79 17
Mg 5528 ~ 9660 7479~ 7931 7705 | 7374 19 4.3
Mn 20.8~47'74 33.41~3523 34.23 | 34.78 15 1.6
Na 653~1146 878.1~944 911.1 | 932.0 1.5 2.3
Zn 22.2~64.67 39.72~42.28 41.00 | 42.22 10.1 3.0
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Table 22. Data intercomparison with IAEA results for JAEA-0392,

Environmental level.

Overall Laboratories(ppm)

This Work{(ppm)

Element
Accepted range | 95% confidence interval | Mean | Mean |RSD(%) |R.E(%)

Al 14.8~69.68 33.26~41.25 3726 | 3544 29 49
As 0.0279~0.3367 0.1423~0.1847 0.1635] 0.14 14.3 144
Br 1.378~2.59 1.913~2.122 2018 | 2.01 75 04
Ca 1828~3817 2615~2782 2698 | 2603 114 35
Cl 594.7~1076 753.3~877 8151 | 802.2 35 1.6
Co 2.393~4.44 3.179~3.369 3274 | 31 3.0 53
Cr 0.01~8.967 4.05~4.684 4367 | 4.37 7.1 -0.1
Cu 0.042~44.83 20.96~23.79 2238 1 2270 | 194 -14
Fe 231.2~7325 476.5~504.8 490.7 | 491.7 15.0 -0.2
K 6651 ~9714 7924 ~8300 8112 | 7913 2.7 25
Mg 1314~3162 2227~2401 2314 | 2563 48 -10.8
Mn 43.65~90 64.9~67.88 66.39 | 64.11 3.3 34
Na 437.8~826.5 636.6 ~685.7 661.1 | 647.8 31 2.0
Sc 0.0052~0.00849 0.006193~0.00728 0.0067 | 0.008 125 ~-18.8
\' 0.6333~1.65 1.004~1.257 113 | 1.0 - 7 13.7
Zn 84~164.5 1232~128.1 1256 | 125.7 6.1 0
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Table 23. Data intercomparison with IAEA results for IAEA-0393,

Contaminated level.

Overall Laboratories(ppm)

This Work{ppm)

Element
v Accepted range| 95% confidence interval | Mean | Mean |RSD(%) [R.E(%)
Al 37.8~181.7 89.27~106.9 98.1 | 97.1 20.8 1.0
As 54.65~172.7 1045~172.7 109.2 | 108.7 11.1 05
‘Br 1.23~3.067 1.831~2.142 1987 | 1.58 5.1 20.5
Ca 1414 ~3867 2733~2940 2837 | 2909 49 -25
Cd 0.064~344.4 165.3~1845 1749 | 181 6.6 -35
Cl 502.5~803.6 587.3~663.3 625.3 | 622.1 7.0 05
Co 2.783~55 3.807~4.058 3933 | 42 7.6 -6.8
Cr 252 ~580.9 319~353.4 336.2 | 300 6.5 10.8
Cu 6.8318~15.32 10.88~11.53 11.2 | 136 21 -21.0
Fe 560.5~2035 1202~1288 1245 | 1225 4.1 1.6
Hg 0.2012~68.33 37.29~43.99 40.64 | 36.67 7.3 9.8
K 7653~12720 10270~10810 10540 | 10670 | 8.1 -1.2
Mg 2930~5108 3845~ 4053 3949 | 3821 5.4 32
Mn 89.9~209.8 142.9~150.2 1465 | 136.6 4.0 6.8
Mo 1.333~4.333 2.444~2.88 2662 | 261 235 2.0
Na 245~-470 344.9~3744 359.7 | 368.3 59 -2.4
Sc 0.012~0.02 0.0153~0.01739 0.0163| 0.016 | 187 2.1
Ti 1.017~57.25 23.31~41.21 3226 | 37.3 158 | -156
V 0.9333~1.602 1.17~1.37 1.27 1.1 375 134
Zn 90.66~219 151.7~1595 1556 | 1624 4 -4.4
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Table 24. The analytical results of the standard reference materials by

Instrumental Neutron Activation Analysis.

Oyster tissue, NIST SRM 1566a Citrus Leaves, NIST SRM 1572
Element| Certi. value ¥ Exp. value e‘if(:r Certi. value ¥ Exp. value gi‘)’r
Mean£SD Mean+SD %) Mean+SD Mean£SD %)
Ag 1.68 £ 0.15 1.72 £ 019 2.4 - -
Al 2025 £ 125 206 £ 223 1.7 92 £ 15 9 * 14 2.2
As 140 £ 1.2 128 + 1.96 8.6 31 £ 03 29 £ 03 6.4
Au 0.01) 0011 £ 0.001 | 100 - -
Ba - - 21 £3 205 + 468 2.4
Br - 51.2 £ 252 8.2) 69 £ 06 15.8
Ca 1960 £ 190 1790 £ 260 8.7 131500 £ 1000| 31800 £ 1200 1.0
Cd 415 + 038 372 £ 1.04 104 0030 £ 0.010 -
Ce 0.4) 05 £ 005 250 0.28) 0.44 £ 004 57
Cl 8290 £ 140 7090 = 160 145 (414) 370 = 11 10.6
Co 057 £ 0N 06 + 0.08 14.0 (0.020) 0.025 = 0.004 25
Cr 143 £ 046 6 £ 027 2.1 08 £ 02 0.86 + 0.03 75
Cs (0.02) - (0.098) 0.088 £ 0.011 10.2
Cu 663 + 43 59.7 £ 151 99 165 £ 10 166 £ 0.7 0.6
Eu (0.01) - 0.0m 0.01 £ 0.001 0
Fe 539 + 486 + 34.3 9.8 90 + 10 89 + 8 1.1
Hg 10.0642 = OOO - 0.080 = 0.020 -
I 446 + 0.42 408 £ 0.65 85 1834 £ 0.03 66 £ 0.14 9.8
K 7900 + 470 6960 = 620 11.9 | 18200 £ 600 18300 £ 300 05
La 0.3 0.20 = 0.018 50 0.190) 0.20 = 0.03 5.3
Mg 1180 = 170 1130 £ 190 42 | 5800 £ 300 6100 £ 250 5.2
Mn 123 £ 15 1M1 + 133 9.7 23 £ 2 24 =1 43
Na 4170 £ 130 3630 £ 150 12.9 160 + 20 154 £ 15 37
Rb (3 383 £ 0.19 277 | 484 £ 006 473 £ 05 2.3
Sb 0.01) - (0.04) 0.042 £ 0.005 5.0
Sc (0.06) 0051 £ 0005 | 150 (0.010) 0.0098 = 0.0010 2.0
Se 221 £ 0.24 246 + 049 1.3 (0.025) -
Sm (0.06) 0.057 £ 0.004 | 50 (0.052) 0.045 £ 0.005 13.5
Sr 1M1 £10 - 100 £ 2 985 £ 49 15
Th 0.04) - - 0.025 £+ 0.003
v 468 + 0.15 444 £ 053 5.1 - -
In 830 £ 57 730 £ 30 12.0 29 £ 2 283 £+ 031 2.4

a) Certified values of Ca, Hg and Sr are determined by other chemical methods;
Values in parentheses are recommended value.
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Table 25. Analytical results of Estuarine Sediment, NIST SRM 1646.

Element

Nuclide

Exp. Value (ppm)

Certified Value

Relative Error

Range Mean + SD (ppm) (%)
Al ®al | 55150 - 60490 | 57446 * 2159 | 62500 * 2000 8.1
Ca “Ca 7459 - 8762 | 8055 * 485 | 8300 * 300 2.9
Fe ®Fe | 29080 - 34590 | 32294 * 1676 | 33550 = 1000 3.7
K g | 12470 - 15010 | 13762 + 823 ( 14000 ) 1.7
Na #Na | 16190 - 19530 | 17629 * 999 ( 20000 ) 119
Ti Ty 5090 - 5804 | 5446 + 330 ( 5100 ) 6.8
As “As 866 - 135 105 £ 199 | 116 = 13 9.7
Ba Blpgy 470 - 597 513 = 435
Cr 'Cr 708 - 85.8 777 + 44 76 £ 3 2.2
Co ®Co 9.07 - 107 994 = 049 | 105 * 13 5.3
Sb 23h 0.35 - 0.48 043 = 004 (04) 6.7
Mn *Mn 355 - 426 380 = 25 375 £ 20 16
\Y% 2y 885 - 108 97.0 = 78 94 £ 1 3.2
Zn %7n 90.6 - 113 989 = 7.1 138 £ 6
U “Np 434 - 6.39 548 = 0.80 28.3
Br “Br 110 - 140 129 = 91
Ce e 65 - 77 703 * 36 ( 80 )
Cs BiCs 3.86 - 4.56 423 £ 0.24 (37) 12.2
Eu gy 082 - 099 087 + 0.04 (15) 144
Dy 5Dy 535 - 6.87 591 = 052 419
Hf Bt 109 - 132 120 *+ 061
I 128 67.1 - 77.2 716 = 39
La Ml a 355 - 40.0 376 £ 1.3
Rb ®Rb 833 - 113 932 * 89 (87) 7.1
Sc “Se 9.49 - 10.8 102 £ 04 (108) 58
Se PSe 126 - 2.10 174 £ 025 (06)
Th #8py 9.05 - 116 109 = 07 (10) 9.1
Yb By 227 - 271 242 * 013
Nd “INd 31.8 - 438 381 * 41
Ta 27a 1.03 - 159 122 = 0.15
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Table 26. Analytical results of Buffalo River Sediment, NIST SRM 2704.

Element

Nuclide

Exp. Value (ppm)

Certified Value

Relative Error

Range Mean = SD (ppm) (95)
Al BTN 56380 - 61490 | 58403 + 2073 | 61100 = 1600 4.4
Ca “Ca | 25950 - 28840 | 27810 * 1318 | 26000 £ 300 7.0
Fe PFe 38650 - 43550 | 41119 £ 1731 | 41100 £ 1000 0.05
K K 17050 - 21080 | 19073 * 1522 | 20000 * 400 46
Na “Na 4710 - 5864 5421 + 331 5470 * 140 0.9
Ti Sy 3940 - 5576 4752 * 663 4570 £ 180 4.0
As "As 162 - 23.1 192 + 22 234 * 08 18.0
Ba P1Ba 363 - 485 432 + 40 414 £ 12 4.3
Cr er 120 - 146 136 + 87 135 £ 5 1.1
Co %Co 135 - 15.2 140 = 05 140 £ 06 0.03
Sb 25h 360 - 4.80 436 + 0.34 379 * 015 15.1
Mn “Mn 628 - 651 641 + 10 555 * 19 156
Y% ey 105 - 109 107 + 18 9% * 4 125
Zn %7Zn 349 - 408 375 £ 18 438 £ 12 143
U *Np 293 - 493 361 £ 0.69 ( 313) 15.3
Br “Br 6.06 - 9.17 749 £ 090 (7) 7.0
Ce e 488 - 686 60.2 £ 54 (72) 16.4
Cs RO 6.30 - 7.61 703 £ 040 (6) 17.1
Eu O 0.80 - 091 084 * 0.04 (13) 354
Dy %Dy 5.78 - 6.66 626 £ 0.32 (6) 45
Hf Blpyf 7.60 - 9.46 874 £ 053 (8) 9.2
Lu "L 0.65 - 0.83 072 + 007 (06) 20.8
La g 30.3 - 356 329 + 1.7 (29) 134
Rb “Rb 9% - 115 104 + 6 ( 100 ) 4.2
Sc “Se 106 - 125 115 + 05 (12) 45
Se "Se 1.87 - 294 239 + 036 112 £ 005
Sm | "Sm 659 - 7.83 738 + 0.36 (67) 10.1
Th py 873 - 119 104 £ 09 (92) 12.7
Yb "Byp 2.33 - 30 266 + 0.22 (28) 5.2
Nd “Nd 288 - 355 318 £ 20
Th 10 077 - 1.27 103 + 0.16
Ta By 0.84 - 1.29 1.07 £ 014
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Table 27. Analytical results of Marine Sediment, NRCC CRM BCSS-1.

Exp. Value (ppm) e Relative
. Certified Value
Element |Nuclide Range Mean + SD (ppm) Error
(%)

Al | ®Al | 57700 - 61490 | 60114 * 1514 | 62610 = 2200 4.0
Ca | ®Ca | 4577 - 5858 5462 * 468 5430 * 530 0.6
Fe | ®Fe | 31580 - 33740 | 32658 *+ 885 | 36543 % 1090 106
K K | 16110 - 19550 | 18504 + 1260 | 18014 + 330 2.7
Na | #Na | 19770 - 20270 | 19868 + 342 | 20981 * 1620 53
Ti ITi | 3794 - 4975 4379 = 413 4400 + 14 05
As | As | 730 - 168 12.33 * 3.04 111 + 14 11.1
Ba | ®'Ba 330 - 486 409 * 51
cr | cr 107 - 135 126 = 8 123 = 14 2.3
Co | ®Co 106 - 12.8 117 * 06 114 + 2.1 2.3
Sb | "®Sb | 055 - 0.76 0.65 + 0.06 059 = 0.06 10.7
\% v | 764 - 1043 914 *+ 115 934 = 49 2.2
Zn %7zn | 719 - 91.0 827 * 55 119 = 12 305
U “Np| 39 - 6.29 5.05 = 0.89
Cl #BCl | 11560 - 13100 | 12392 + 539 11200 * 500 106
Br 2Br | 920 - 117 104 £ 9
Ce “lCe | 480 - 625 545 * 36
Cs Bics | 375 - 519 438 * 047 (4) 94
Eu | "Eu| 065 - 083 074 * 0.06
Dy | ®Dy| 407 - 511 458 = 0.37
I 18] 934 - 118 110 = 9
Hf Byt | 613 - 7.22 6.66 = 0.28
La “l1a | 298 - 352 324 * 18
Rb ®Rb | 788 - 985 835 * 6.7
Sc “Se | 101 - 122 11.0 + 06
Se PSe | 125 - 280 174 + 052 (043)
Sm | "Sm| 647 - 741 702 * 0.31
Th | ®Pa| 764 - 972 879 * 061

Wyb | 162 - 2.36 2.02 £ 0.24
Yb $zr| 239 - 305 279 + 23
Zr “INd| 304 - 35.1 R5 £ 17
Nd | Tb| 075 - 116 097 = 015
Tb | ™Ta| 080 - 1.07 095 * 0.09
Ta

—113—




Table 28. Data intercomparison between laboratories for [AEA’s

sediment samples(SED-1).

Experimental Data, SED-1 (ppm)

element

Lab. 1 ¢ Lab. 2 ° Lab. 3 ° Lab. 4 °
Al 69240 = 3260 63640 * 2246 77130 *£ 950
As 489 * 16 252 * 0.2 203 £ 0.05 475 £ 1.9
cd 0.205 £ 005  0.283 = 0.005
Co 21.1 £ 09 170 = 02 221 £ 06
Cr 983 = 35 932 = 21 105 = 1
Cu 512+ 06 492 + 085
Fe 72670 £ 1340 53500 *£ 1300 70160 * 49 63630 = 1290
Ni 539 + 1.12 500 = 15
Pb 125 = 2 558 £ 0.85
Sh 135 £ 012 082 * 008 ' 124 = 0.05
Sn 553 £ 0.14
Zn 242 + 28 181 * 4 206 £ 1 227 = 7

Analytical method @ a; INAA, b; INAA, ¢; WD-XRF, d; ICP-MS and AAS

Table 29. Data intercomparison between laboratories for JAEA's
sediment samples(SED-2).

element

Experimental Data, SED~2 (ppm)

Lab. 1 ° Lab. 2 ° Lab. 3 ¢ Lab. 4 ©
Al 48900 *+ 2150 56800 + 1601 52470 + 900
As 178 = 04 9.3+ 09 37.1 £ 0.1 157 = 1.1
cd 149 = 0.03 9.10 = 0.09
Co 130 £ 0.3 109 = 05 139 £ 05
Cr 260 + 14 260 = 7 276 * 1
Cu 462 £ 04 411 + 4
Fe 38716 + 697 31500 £1300 36500 * 0.0 33000 £ 1400
Ni 844 = 1.0 77.0 £ 34
Pb 33% £ 2 305 = 36
Sh 428 + 0.33 28 £ 0.3 5.24 + 0.07
Sn 428 £ 15
Zn 657 * 6 500 + 9 716 + 12 712 £ 4

Analytical method © a; INAA, b; INAA, ¢; WD-XRRF, d; ICP-MS and AAS.
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Table 30. Estimation of analytical results of IAEA’s sediments between

laboratories(n=4).

TAEA’s Sediment-1

Laboratory 1 Overall
Determinant Moan Star.lda'ird Mean Star‘]da:rd Score”

Deviation Deviation
Al 6.92E+04 3.3E+03 7.00E+04 5.5E+03 -0.14 (0)
As 4.89E+01 1.6E+00 3.55E+01 1.3E+01 1.04 (1)
Co 2.11E+01 9.0E-01 2.01E+01 2.2E+Q00 0.45 (0)
Cr 9.83E+01 3.5E+00 9.88E+01 4.8E+00 -0.10 (0)
Fe 7.27TE+04 1.3E+03 | 6.50E+04 7.4E+03 1.04 (1)
Sb 1.35E+00 1.2E-01 1.14E+Q00 2.3E-01 0.91 (1)
Zn 2.42E+Q02 2.8E+00 2.14E+02 2.3E+01 1.22 (1)

IAEA’s Sediment-2

Laboratory 1 Overall
Determinant Mean Star.lda?rd Mean Star?da}rd Score’

Deviation Deviation
Al 4.89E+04 2.2E+03 5.27E+04 3.2E+03 -1.18 (-1)
As 1.78E+01 4.0E-01 2.00E+01 1.0E+01 -0.21 (0)
Co 1.30E+01 3.0E-01 1.26E+01 1.3E+00 0.32 (0)
Cr 2.60E+02 1.4E+00 2.65E+02 7.5E+00 -0.07 (0)
Fe 3.87E+04 7.0E+02 3.49E+04 2.8E+03 1.33 (1)
Sb 4.28E+00 3.3E-01 4. 11E+Q00 1.0E+00 0.17 (0)
Zn 6.5TE+02 6.0E+00 6.46E+02 8.7E+01 0.13 (0)
* Score : Laboratory Mean - Overall Mean / Overall Standard Deviation.
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Table 31.

Analytical Data between laboratories for KORDI’s coastal

sediment samples.

Exp. Value(mg/kg)
Element Certt. Value (mg/kg)
Mean S.D Range
Sb 14%£3 115 7 122 11.3%26
As 23.8%28 195 7 276 262%15
Be 1.35%0 1£02
Cd 22%0.3 1.78 7 2.78 2.11£0.15
Cr 10654 39.812 ~ 240.8 90.7£4.6
Co 109+2.1 6.51 7 125 115%0.3
Cu 292*18 259.705 ~ 316 310x£12
Pb 162%39 79.08 T 203.8 18318
Li 28111 159 7 35 32%+2
Mn 41356 331.25 T 4826 44019
Hg 2.82%0.28 244 ~ 3.071 3.04+0.2
Mo 6515 48 7 771 5.43+£0.28
Ni 38+t6 302 ™ 456 395%2.3
Se 14%02 13 7 142 0.92%£022
Ag 1.99+0.59 1.38 7 256 1.22%0.14
Sr 267141 210 T 309 276+30
Tl 0.84%0 0.6
Sn 22%3 20 7 257 19.8£25
U 32+14 227 411 3
v 129£15 109 7 145 133%5
Zn 377+48 320 T 456 364+23
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Table 32. Data intercomparison between laboratories for KORDI's coastal

sediment samples(I). Unit : mg/kg.

Element| lab(a) lab(b) lab(c) lab(d) lab(e) lab(f)

Sb 122%0.2 12£1

As 25.12+£191 2716x0.6 195£05

Be

Cd 2.23%£0.19 | 23%01 |222%£0.11 | 1.891£0.092 | 2.16£0.07 | 1.932+057
Cr 89.95+352 | 98.2+1.2 | 879+£32 [39812+£3871| 83*f2 |240.8+t664
Co 122105 | 11.6%02 9.9+0.2

Cu 309£265 | 3086+19 | 316%6 [250.705+1.32| 296*1 | 278%72.99
Pb |185.77£4.88| 203.8+6.9 177+4 |149.226+2.784| 191£2 |79.08£56.84
Li 3v*1

Mn 4826187 | 449+14 426 £5

Hg 2.821+0.06 3.071+0.013

Mo 48=*0.1

Ni 39711 | 387=£0.1 34+*1

Se 1.3%+0.1

Ag

Sr 2713%2

Tl

Sn 20.7£0.2 20*+1

U 22*0

v 128*1

Zn |36356*£6.73| 375.2=10 38314 1357444119247 331£3 [4366£121.2
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Table 33. Data intercomparison between laboratories for KORDI's coastal

sediment samples(I). Unit : mg/kg.

Element| lab(g) | lab(h) |lab()AAS |lab()AES| lab()MS |[Lab()AMA|  lab()
Sb | 115%13 18771
As | 246%18 |221+24 2374123
Be 135402
cd 1.78£0.29 278+0.19
Cr | 107%5 | 104%5 1022454
Co | 113405 |12.1%08|651+044 125+16
Cu 2844 293+24 285.73%6.18
Pb 1536 15421
Li 159+58 34+55
Mn | 430£12 362+ 44 33125+12.3
Hg |244+0.17 2.96+0.02
Mo |7.07%058 771%085
Ni 302+1.7 456262
Se [142%0.15 1.6%0.07
Ag  |1.38+0.09 256%0.06 204%0.23
Sr | 276+45 21044 | 309%27
I 0.84%0.04
Sn 257+28
U 4112042
V| 1323 10940 | 145%42
Zn | 443%7 |456%26| 323+8 | 300%2 361.7+6.66
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Table 34. Estimation of analytical results of KORDI's coastal sediments

between laboratories.(mg/kg)

Element Range Overall | Standard | This work | Certi. Z—scorex
: Mean | Deviation | (Mean£8D) | Value

Ag 1.38~2.56 1.99 0.59 1.38|£0.09] 1.22/%0.14| -1.0
As 19.6~27.6 23.8 2.8 24.6|+1.8 26.2(£1.5 0.3
Co 6.51~12.5 10.9 2.1 11.3|£0.5 11.5|+£0.3 0.2
Cr 39.81~240.8 106 54 107|x5 90.7|t4.6 0.0
Hg 2.44~3.07 2.82 0.28 2.44/£0.17| 3.04|%0.2 -1.4
Mn 331.2~482.6 413 56 430112 440(£19 0.3
Mo 4.8~7.7 6.5 1.5 7.07|£0.58| 5.43|£0.28 0.4
Sb 11.5~12.2 14 3 11.5/+£1.3 11.3|£2.6 -0.8
Se 1.3~1.42 1.4 0.2 1.42(£0.15) 0.92/+0.22 0.1
Sr 210~309 267 41 27645 2786|130 0.2
Y 109~145 129 15 132|£3 133|%5 0.2
Zn 320~456 377 48 443|117 364|£23 1.4

= Z—score . ( laboratory mean - overall mean ) / standard deviation. 95%

confidence

level.
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Table 35a.

Nuclear Data and Elemental Concentrations obtained from

Natural Water using Neutron Activation Analysis.

—120—

o1 4 o= ur 219) ZOPM O A Ut BPMET(ug/ )
' (keV) s) CRRGED ol (1)
e ME

Mg Mg-27 9.46 m 844 20 220-12100 (3400) -

Al A28 224 m 1779 0.75 3-2900 (310) 1.1-74 (4.3)

o C-38 373 m 1642 14 730-16000 (8700) -

Ca Ca-49 872 m 3084 270 420-126000(34000) -

Ti  Ti-51 576 m 320 5.4 28 1.2

VooV-52 375 m 1434 0.040 0.006-18 (2.2) 0.45-2.1 (1.3)

Mn  Mn-56 258 h 847 0.12 0.1-74 (20) 0.17-19 (1.4)

Cu  Cu-66 510 m 1039 37 05-78 (19) 0.22-2.3 (1.3)

Br  Br-80 174 m 616 0.79 29-415 (77) -

In  in-116m 541 m 1294 0.013 0.1-6.7 (2.4) -

Sn Sn-125m 952 m 332 20 10 0.2

Te Te-131 250 m 150 2.1 0.68 -

Io1-128 250 m 443 0.37 0.46-40 (7.7) -

Dy Dy-165 233 h 95 0.031 0.003-0.005 (0.004)  0.0007-0.0037(0.0022)

Th  Th-233 223 m 87 0.82 0.023-0.22 (0.076) 0.0002

U U-239 235 m 75 0.11 0.019-12 (15) 12-42 Q7)

E5H #WE

Na Na-24 150 h 1369 0.54 530-74700 (14900) -

K K-42 124 h 1525 33 500-14900 (4800) -

Cu  Cu-64 127 h 511 0.30 05-78 (19) 0.22-2.3 (1.3)

Zn  In-69m 140 h 439 8.1 1.1-106 (25) 1.1-63 (16)

Ga Ga-72 141 h 834 0.34 0.082 0.024

As  As-76 263 h 559 0.23 0.18-4.4 (1.5) 0.35~1.9 (1.2)

Br  Br-82 353 h 554 0.65 29-415 (77) -

Pd  Pd-109 135 h 88 10 0.0004 0.00022

la Lla-140 403 h 487 021 0.001-0.94 (0.11) 0.0029-0.032 (0.017)

Pr Pr-142 191 h 1576 52 - 0.0006

Sm  Sm-153 467 h 103 0.016 0.0025-0.040 (0.012)  0.0004-0.008 (0.0038)

Eu  Eu-152m 93 h 122 0.0023 0.0005-0.046 (0.0066) 0.0001-0.001 (0.0005)

Ho Ho-166 268 h 81 0.050 0.0075 0.00022

Er  Er-171 75 h 112 18 - 0.00061

W W-187 239 h 480 0.34 0.002-0.93 (0.24) 0.11-0.12 (0.12)

Hg Hg-197m 238 h 134 47 0.006-2.2 (0.35) 0.003-1.2 (0.23)
SMUSE U2 BAMEASIMM 10000459 Z0tH To|AUNE MMtz 2 H29 w Y22 P
HP Ge ZZ7! : EG&C ORTEC, GMX 15% Efficiency, 2.0keV FWHM, ZEMXS : 1 x 107 n/em’ s
el E T = 102, Tc = 38, Tm = 100%
4 8B T = 1AZ, Te = 19, Tm = 10005
e s T2 1Y, Te = 7, Tm = 10000=




Table 35b. Nuclear Data and Elemental Concentrations obtained from

Natural Water using Neutron Activation Analysis.

Bey U3

Ca Cad7  454d 1297 820 420-126000 (34000) -

Sc Sc-46 838 d 889 00028 0.0013-0.31 (0.037)  0.0006-0.045 (0.011)

cr Cr51 277 d 320 0.19 0.041-11 (20) 0.14-4.6 (1.5)

Fe Fe-59 446 d 1099 34 1-530 (100) 2-250 (23)

Co Co60 527y 173 0079 0.006-5.7 (0.68) 001-1.3 (0.34)

Ni Co-58 708 d 811 0.65 3.9-40 (15) 1.2-2.4 (16)

In In-65 244 d 115 20 11-106 (25) 1.1-63 (16)

Se  Se-75 118 d 265 0.17 0.026-05 (0.23) 0.004-0.13 (0.06)

Rb  Rb-86 188 d 1077 16 02-16 (37 105-200 (154)

Sr S8 648 d 514 17 11-593 (163) 77008600 (8200)

Zr 7% 640 d 757 19 160 -

Mo  Tc-99m 275 d 141 0.19 0.36-34 (1.8) 1.5-12 (8.0)

Az Ag-110m 252 d 658 0.17 0.011-0.86 (0.21)  0.009-0.36 (0.22)

Cd  In-115m 223 d 336 0.46 0.44-0.82 (0.63) 0.2-15 (0.92)

Sb Sb-122 268 d 564 0010 0.009-7.1 (0.61) 0.006-1.6 (0.46)

Sb Sb-124 602 d 1691 0.29

Cs Cs-134 206y 796 0.06 0.003-0.32 (0051)  0.16-04 (0.25)

Ba Ba-131 120 d 496 39 25-52 (16) 057-48 (2.7)

Ce Ce-141 325 d 145 0077 0.03-048 (0.22) 0.001-0.034 (0.022)

Nd  Nd-147 120 d 9 01 04 0.002

Eu Eu-152 130 y 344 00072 0.0005-0.046 (0.0066) 0.0001~0.001 (0.0005)

Gd  Gd-153 242 d 97 0.14 - 0.0006

To  Tb-160 721 d 299 0011 0.0014-0.0028 (0.0017) 0.0009

Tm  Tm-170 129 d 84 0.016 0015 0.00013-0.003 (0.0016)

Yo Yb-169 300 d 198 0016 0.0025-0.044 (0.018)  0.00052-0.0026 (0.0016)

Yo Yb-175  419d 396 0.051

Lu Lu-177 671 d 208 00024 0.0002-0.015 (0.0062) 0.0001~0.007 (0.0025)

HE  Hi-181 424 d 482 0022 0.005-0.13 (0.067) -

Ta Ta182 115 d 1221 0.10 02 -

Ir 1192 742 d 317 0.00038 0.000003 -

Au Au-198 270 d 412 000035  0.0005-0.015 0.0082) 0.0001-0.072 (0.019)

Hg Hg-197 267 d 77 0.011 0.006-2.2 (0.35) 0.003-1.2 (0.23)

Hg Hg-203 468 d 279 0.053

Th  Pa-233 270 d 312 00036  0.023-0.22 (0.076) 0.00016

U Np-239 235d 278 00032 0019-12 (1.5) 1242 (2.7)
SMUZE C1S0 EMZAGHIA 10004450 Z0jM Ho|aNNS HMots 2 Ha0 u Y22 78

juny
-5
O
@

7| ¢ EG&G ORTEC, GMX 15% Efficiency, 2.0keV FWHM, YZM X 1 1 x 107 n/em’ s.
i =108, Tc = 32, Tm = 100

= TAI2H Te = 1Y, Tm = 10003

=14, Tc = 7¢, Tm = 10000%
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02 02 08
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Table 36. Nuclear properties of nuclide and the concentration level and

sensitivity of uranium in natural fresh water.

Sensitivity, ng" Concentration reported {(ug/ 1)
. .. Gamma-Ray . L
Element Nuclide Half-Life (keV) (Detection Limit,
we/ 1) Fresh water(Average) Sea water(Average)
N 10
u o 235 74.7
v > (1-3)
0019 - 12 (1.5) 12 -42 @7
, 0.3
™ 235 d 2776
NP ? 01 - 15)

% Sensitivity is given in ng of element resulting 1000 counts of gamma peak area under the

following analytical conditions : HP Ge-detector :

EG&G ORTEC, CEM 25% Efficiency, 1.85keV

FWHM, thermal neutron flux @ 1.7 x 10" n/cm?® s. -

BNp : Ti = 1h, Td = 7d, Tc = 10000s
( ) Detection Limit by Currie’s definition : 2.33 ¢ 3,

B Ti = 10m, Td = 10m, Tc = 300s;

Table 37. Result of standard addition method of uranium to

groundwater sample.

U added, U found, Spike Recovery

ng/ml ng/ml ng/mi %
0.0 19927 0.0 100
7.5 274 7.5 100
15.0 34.1 14.2 9
225 41.8 219 97
30.0 48.2 28.3 94
375 56.8 36.9 98
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Table 38. Comparison of analytical results between various methods.

Analytical Method

U concentration, ng/ml

UW-1 Uw-2 UW-3
INAA(ZU) 158 + 0.8 247 £ 1.2 1.84 + 022
INAA(®*Np) 127 + 04 195 £ 0.8 1.11 + 050
ICP-MS 121 £ 0.35 - 062 = 0.013
Fluorospectrometry 100 = 0.51 - 1.88 £ 041
a —spectroscopy 13.8 = 0.28 - 2.76

Table 39. Content of uranium in groundwater collected with sampling

date using direct method(*°U).

Code No. U concentration, ng/ml Sampling Date
UWO1 164 £ 19 06/11/98
UW02 142 £ 09 06/18/98
UWo3 146 + 05 06/25/98
UWO04 146 £ 1.0 07/02/98
UWO05 171 £ 05 07/09/98
UWO06 150 £ 15 07/16/98
UWO07 175 £ 05 07/23/98
UWO08 150 £ 0.4 07/30/98
UWO09 181 £ 1.8 08/06/98
UW10 19.1 = 09 08/13/98

Mean=+SD 16.2 £ 1.7 (10.3%)
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Table 40. Content of uranium in groundwater collected from sampling

sites of Choongchung area using direct method(¥°U).

Code No. U concentration, ng/ml Statistics
TJ01 249 £ 0.73
TJ02 588 £ 0.73
TJ03 148 = 24 Range @ 2.49~77.2
TJ04 162 £ 1.2 Arithmetic Mean : 33.1 + 27.2
TJ05 277 £ 28 Geometric Mean : 21.2 / 05
TJO6 304 £ 60 Median : 27.7
TJ07 587 £ 56
T)08 647 £ 25
T1J09 772 £ 44
CBO1 366 = 0.38
CB0O2 431 £ 0.37
CBO3 542 x 0.99 Range : 3.66~42.8
CB04 783 £ 1.77 Arithmetic Mean : 163 + 14.4
CBO5 130 = 15 Geometric Mean : 11.3 / 0.4
CB06 233 £ 27 Median : 10.4
CBO7 304 =+ 23
CBO8 428 = 24
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Table 41. A Example of Report of Estimation on Measurement Uncertainty.

<LOP-I-07-02>
ZyestowIlE N

g s 00-01

j\|6<l%}-£ 7‘}—1]].3]—]\].§].‘=’ }"](A ) ; = D —E—&IA]E‘
= S/ 5 ‘o o Ri it S iy . %%EA!E‘I
AESE | s gRe e FTS &
ke e I
AlEEtA 25:25 T EFE:150 % | ARYEES) 7] E = (S-01)
Al E XL A & 4 Al E YR} 19 #A 4 2
E5E 42 oHEf | SEREE |EEEEHT| d=2AHS ARz | HdU==x
(X)) (AB)| (NRT) ( Ux) (Gi) {v) (%)
D AZ%A A N 0.861 % 1 4 0.861 %
2) ¥rEZ=1 A N 0.025 % 1 4 0.025 %
3) ABZHF B N 0.006 % 1 oo 0.006 %%
(&£ B R
4) A BZEA} B N 0.87 % 1 o0 0.87 %
5 HEE S B R 2.154 % 1 11 2.154 %
6) B3 B N 1932 % 1 ©o 1932 %
7) AHAAE A | B N 25 % 1 oo 25 %
Ue = {(Ust)*+ (Uor)*+(Upw)*+(Ung)*+(Ugr)*+ (Urm)?+(Upa )}
M EZEZEHE(U) = {(0.861)%+(0.025)*+(0.006)*+(0.87)*+(2.154)%+(1.932)%+(2.5)%} 2
= 4015 % (0.7125 ug/g)
SEEED 95 % |RERFE(ve) 2 21 21 KHK) 2
SXANTZFEETWU)| 8030 % (1425 ue/g) =™MAD | 17746 ug/g
7] El
HEoA
=AM X} (eh | HEX} (eh | &eix} (el
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Table 42. KOLAS Proficincy Test of Geological Sample(99-9A, 99-9B).

ZE Al Ca Fe | Mg | Mn K Si Na Ti | Outlier
N& Al 000 | 128 | -328 | -040 | 098 | 005 | -173 | 019 | 049 1
: ANz B| 078 | 000 | -416 | -114 | -100 | 146 | -077 | 077 | 025 1
Na Al 107 | -141 | 006 | -039 100 | 037 -0.41
’ ANz B -06l | -1.19 | 039 | 021 -073 | 053 0.06
Na Al -074 | 101 | 036 | 084 | -011 | -042 | -053 | -200 | 072
’ N& B -124 | 010 | 023 | 013 [ 008 | -109 | -032 | 022 | 073
Na Al 089 | 000 | -0.40 278 | 244 -019 | -0.18
! N B| 000 | 158 | -116 | -194 | 191 | 082 -048 | -065
N Al 127 | 115 | 007 | 039 | 011 | 504 | -039 | 848 | -490 | 3
& Na B| 200 | -069 | 000 | 026 | 008 | 401 | 021 | 19 | -197 1
Ne Al -046 | -564 | -139 | -053 | -107 | -476-| 178 | 106 | -197 2
° A B| 013 | -493 | -107 | -064 | 157 | -2.08 | 246 | 2493 | 436 3
N Al -006 | 006 000 | 115 | 074 | 066 | -037 | o7 | 018
! Ng B| -015 | 016 | 012 | -160 | -017 | -0.16 | -039 | -022 | -0.06
Nz Al 062 | -020 | -128 | 357 000 | 065 | -129 | 114 1
; Ne Bl 375 | 144 | -130 | 286 000 | 253 | -022 | 675 2
N A| -070 | 216 | 046 | -387 -069 | 508 | -030 2
’ Ng B| -057 | -154 | 019 | 000 000 | -021 | -0.47
A 1 2 2 2 3 1 2 3 16
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Table 43. Blank elemental concentrations in membrane filter

used in low volume sampler.

Concentration (ng/cm®)
Element
Coarse filter Fine filter

Al 655 £ 1.31 124 £ 09
Br 221 172 13.3 £ 055
Cl 177 £ 394 968 £ 233
Co 228 £ 033 2.08 £ 037
Cr 8.85 £ 2.00 11.1 £ 258
Cu 039 £ 018 0.38 £ 0.09
I 0.042 £ 0.020 0.04 £ 0.03
in ) 0.001 £ 0.0007 0.0015 £ 0.0006
Mg 5.06 = 201 370 £ 6.87
Mn 0.11 £ 0.01 0.10 x 0.06
Na 350 £ 161 534 £ 607
Nd 652 £ 292 443 = 295
Sr 1.77 £ 1.23 1.96 £ 0.33
Ti 1.00 £ 0.87 0.77 £ 0.68
v 0.005 = 0.002
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Table 44. Elemental composition of Filter Materials(ng/cm®)*

Vet Polystyrene®| Cellulose ester™® | Cellulose paper* | Glass | Organic Silver
(Delbag) | (Millipore® 0.454m) |(Whatman No. 41)| fiber' | membrane® | membarne®

Ag 2 2

Al 20 10 12

As 2.6 80

Ba 500 100 100

Be 40 0.3 200
Bi 1

Ca 300 250 1000 240

Cd 5

Cl 1360

Co 02 1 0.1 0.02

Cr 2 14 30 80 2 60
Cu 310 40 20 6 20
Fe 85 300 30 40 4000 30 300
Hg 1 1 05

K 410

Mg 1500 200 660 80

Mn 2 2 22 05 400 10 30
Mo 0.1

Na 2040

Ni 25 50 12 10 80 i 100
Pb 18 800 8 200
Rb 49

Sb 1 3 0.7 0.15 30 0.1

Sn 49 50 1

Ti 70 5 9.6 10 800 2000 200
% 06 0.1 0.03 30 0.1

Zn 515 20 20 25 160000 2 10
Zr 04

1. Alain, A. and Sansoni, B., A review on activation analysis of air particulate matter, J. Radioanal. Nucl

Chem., 89, 191(1985).
2. Dams, R, Robbins, J.A,, Rahn, K.A. and Winchester, ] W, Quantitative relationships among trace elements
over industrialized N.W. Indiana, Proc. SNTEP, International Atomic Energy Agency, Vienna, (1971), 139 :

Anal. Chem., 6, 441, (1972).
3. Kato, T., Sato, N. and Suzuki, N., Nondestructive multielement photon activation analysisof environmental

materials, 7alanta, 23, 517(1976).
4. Hwang, ].Y., Trace metals in atomospheric particulates and atomic absorption spectrometry, Anal. Chem,,

44, 14, 20A(1972).
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Table45. Monthly meteorological data at sampling during April 1996 to May 1998.

URBAN AREA 98. 97. 98.
Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar Apr. May.
Pressure(hPa) )
Mean 1017.7 10126 10067 10085 10090 10137 1019.2 10228 10232 10235 10235 10218 10163 10085 10078 1007.2 10088 10145 10184 10223 10259 10253 10224 10209 10154 1014.0
Temperature( )
Mean 102 180 221 232 261 205 137 6.7 o -23 08 68 129 178 228 256 260 201 134 86 18 -09 35 73 157 186
Max. 16.8 249 265 299 31.0 272 20.8 12.0 76 33 79 14.2 19.2 234 285 29.7 308 26.1 201 145 69 37 9.1 14.0 21.7 246
Min. 39 118 184 215 228 15.1 83 19 -42 -75 53 09 65 124 175 217 220 148 68 37 -26 52 -14 13 108 127
Relatlve Humidity(%)
Mean 340 60.0 770 73.0 75.0 74.0 75.0 74.0 74.0 70.0 67.0 64.0 56.0 63.0 73.0 80.0 80.0 71.0 63.0 720 69.0 69.0 62.0 540 71.0 66.0
Min. 310 340 59.0 54.0 55.0 4.0 43.0 46.0 430 46.0 380 350 330 45.0 45.0 59.0 57.0 430 320 420 430 45.0 36.0 240 40.0 38.0
Wind Speed(m/s)
Mean 2.1 18 16 22 17 10 11 13 L1 13 14 17 19 22 13 13 19 14 13 12 12 14 20 19 18 15
Wind direction ESE SSE W S ESE ESE ESE NW  WNW SSw NwW S ESE ESE SSE S WwWsw E WNW ESE Nw ENE E ENE SSE E
Rain Fall(mm)
| Total 2593 1604 4114 2574 1144 2306 90.8 771 286 15.6 515 371 554 2009 2675 4242 4635 302 77 1682 43 333 36.3 311 1543 1193
Mo
T
RURAL AREA 98. 97. 98,
Apr. May. Jun. Jul. Aug. Sep. Oct Nov. Dec. Jan. Feb. Mar Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar Apr. May.
Pressure(hPa)
" Mean 10173 10125 10065 10075 10085 10129 10185 10220 10224 1022.7 10227 10211 10156 10056 10073 10067 1008.2 10143 10174 10218 10252 10245 10220 10202 10150 10134
Temperature( )
Mean 98 175 221 244 251 196 123 46 -12 -32 -13 53 12.1 165 221 250 255 182 116 66 05 -27 12 64 152 182
Max. 16.3 247 272 29.9 305 271 19.7 103 6.0 12 5.9 12.6 19.1 226 282 300 308 242 18.7 131 50 25 74 13.0 21.4 246
Min. 25 109 181 20.1 212 14.1 6.6 -0.4 -66 -10.8 =17 -13 52 1.1 165 21.2 212 13.2 48 1.0 =51 -74 -43 03 9.1 123
Relative Humidity(%6)
Mean 680 650 810 820 8.0 70 TI0 740 730 720 680 640 620 760 740 790 770 WO 670 70 T0 700 700 620 720 700
Min. 870 320 56.0 570 54.0 420 40.0 400 370 430 350 310 330 47.0 45.0 55.0 54.0 420 420 49.0 520 46.0 420 310 43.0 39.0
Wind Speed(m/s)
Mean 1.8 12 1.0 10 07 06 06 09 08 11 11 1.3 15 12 09 08 09 0.7 10 08 08 12 11 15 12 1.0
Wind direction WNW  WSW N SW  NNW SSE  WNW NW WNW WSW WSW WSW WSW SSE  SSwW SSE SSE  WNW W WSW  WNW NE NE WSwW SSE SSw
Rain Fali{(mm)
Total 47.0 197 2355 2837 2037 216 64.1 4358 176 181 38.4 22.8 59.1 1831 1852 3857 2727 97.0 20.1 1125 431 16.7 36.9 389 1155 85.0
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Table 46. Analytical results of airborne particulate matter at urban

(a) Fine particulate matter

site monthly(ng/m®)

96. 7. 98.

Apr. May Jun  Jul. Aug. Sep. Oct. Nov. Dec. Jan Feb Mar Apr. May. Jjun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Ti 156 239 54 - 155 - 138 77 181 133 8.5 89 120 106 15 6.5 25 64 98 6.1 - - - 153 127 221
Sc 005 0.15 0.2 ~ - 001 002 003 012 005 003 004 0.04 003 0.01 001 039 001 004 003 004 004 004 007 006 004
Al 316 528 252 143 182 54 148 221 750 319 171 302 326 168 51 50 46 71 259 212 314 276 325 413 341 246
Fe - - 528 461 - 73 163 183 394 188 138 254 171 144 30 52 - 86 - 188 241 142 142 270 237 159
Na 109 133 113 77 363 165 136 108 216 156 138 228 88 133 38 82 42 117 189 90 100 171 145 183 97 95
K 288 342 281 366 157 - 272 287 514 179 204 420 258 375 58 39 40 109 - 296 300 322 284 401 181 287
Mn 9.1 141 125 80 2038 21 115 127 193 93 85 135 11.0 84 3.0 1.6 15 76 227 112 136 9.0 119 109 75 106
Sm 0.04 0.06 0.04 - - - 002 003 010 0.05 003 003 003 0.03 001 001 - 001 003 070 070 028 020 023 020 0.15
La 0.19 037 039 0.14 - - 015 0.15 042 0.8 0.2 0.19 010 013 004 003 0.02 0.05 - 019 018 014 020 025 020 017
\ 8.5 5.6 86 24 5.0 43 110 4.7 74 5.4 6.0 6.0 3.1 2.3 1.7 1.7 03 56 25 41 44 22 55 38 20 1.8
Cr 1.4 50 95 0.1 288 - 2.7 - 1.4 1.4 8.3 1.1 1.8 1.3 0.8 0.3 1.1 2.2 - 07 48 - 02 1.4 1.0 29
Ce - 268 297 - - - 047 023 122 056 029 052 040 0.54 - - - - - - - - 050 037 040 026
Cu - - - - - 9.0 13.2 42 163 140 7.2 172 6.8 108 2.7 102 82 98 - 17.4 185 - 98 80 23 24

In - - - - - 0.003 0.007 0.030 0.020 0.030 0.008 0.040 0.050 0.010 0.001 -~ 0.002 0.010 0.223 0.088 0.078 0.067 0.018 0.016 0.013

Cl 206 523 396 - - 181 458 401 519 500 325 581 376 425 156 149 144 463 422 303 179 40.7 419 215 441
n 53 169 89 64 96 33 85 67 88 47 70 145 52 52 30 2 26 85 58 126 80 37 66 73 35 46
As 156 241 507 170 265 - 519 982 220 3.68 557 337 39 163 038 028 009 151 207 15 197 224 363 305 203 156
Br 6.8 55 45 05 17.3 1.5 120 0.5 8.3 74 176 168 48 29 1.6 0.3 32 58 92 100 72 1.7 69 112 31 1.7
1 - - - - - 072 177 135 137 121 088 275 171 107 033 078 024 058 002 088 1.14 171 270 322 150 1.39
Se 5.63 - - - - 033 054 058 1.08 034 042 058 034 1.22 0.11 0.25 - 034 111 025 056 074 053 092 047 040
Sb 4.0 4.6 59 3.8 1338 08 13 33 7.0 4.8 5.3 8.6 40 29 36 1.8 33 44 29 62 59 13 92 46 20 34
TSP (< 25 pm) | 41545 29489 42781 43592 43919 6703 23833 18078 38898 15753 22836 33855 22188 23081 19156 9974 7001 20600 40528 31159 27194 22803 20849 27357 17895 13121

continued



66201 VSLES OVSEV ££921 £8191 2088y LLV9E ZII6E LSOSL LLI 61621 €8287 2661 S8S8C ZL6EV LEZLL VLZOE €0SL9 V9LIT EGV8L £126 S60ZE LSVLL LL8LE SLLLL VEVLS | (Wi 0L - §2) dSL

L80 S&L 06€ €61 - 616 S9E 960 Y80 SEO VEO V6L KO 87 9T 8T vV O06L OSL 82Z 120 wpl'T r0 Ol 8LV 6ET a5
- S0 - - - o - 0 w0 - S0 - - w0 WL - - %L - - - - - - - - ?S
S0 - 9L - - w0 ¥ZO - I€0 - -  ZI0 - 950 68'L €£0 690 160 - 20 - - - - - - !
Vv 9IS vEVL L6V 29 68Vl 9L - L€ - 090 980 -  [SC L9G SEE O006L L9l 680 80 690 00 - - €L ZES 19
680 881 9VE €9l 80l V6T L'l 280 IS0 00 - L0 910 62C 262 8¢ ¢LT 8T 86V Sy - - - 62V vl'T bl sy
0z S L S 8 16 28 8 vz 8 8 Ll 9 zv g O IS 9 62 8 & - - 08 €0l 65 uz
Lz Sy 98l 8.l 8v v99 29 - Gl ¢ 2z 8 8 O L SZL 89 €V 18 81 62 - - -~ 22 I8 12
€000 S10°0 LZ00 €100 9800 6,00 2200 - - - - G000 -  [200 [900 VOO ZLOO 9LOO SLOO - - - < - - - uj
- - - - = - 0§ - V9 - 95 Il - - 9Vl 66 95 8§ - 16 - - - - - - D
2L0 VST 19T 60L TUL LT 9%l - 8v0 950 8¥0 SEO 980 SUL 8L 10l 06l W8S KoL 6L w0 - - - 689 8¢V o)
020 62 V1L €0 -  60Z 6.0 020 82 - - V0O S0 Sz VS L8 L€ L€ €L 6v Tl 189 - 96l 2§ LV 19
F'Loove TLoore 1L 85 €y vZ €2 90 80 L'l §1 TS Z9 8y 6L OEL 0¢ S¥ €1 €z 9L ¥ 1z €l A
SE0 €21 SEL 050 950 €L 90 EL KZO 610 220 IO SE0 6L0 S60 SE0 00 €27 OO 80 vI0 80 -1Z0 060 0T 971 e
vZ0 667 880 10 9L0 ZLE LOL 620 900 VOO SO0 KOO 10 220 0Z0 OL0 80 LyO 110 ZL0 SO0 00 - 220 2ZV0 ¥z ws
L9 18 6 O SS S Ll g €L 0L Lv 6y Il 9 6 ¢ 1z 6 S v 6y 12 L9 v € &€ uw
981 €LL 68L Zve - 169 €9 1€9 9L WEL OLL Skl kg 19 /89 L6l 96€ €66 85z 2¢€zZ Ol Obb 202 6V9 LIVl €89 b
€Ll ISV 665 06C 8vL 0zL VOS LLLL 181 98 10z €L 98l V9T 8v 2gZ LSk 0lOL vIE SZ¥ bk €08 60l VIE Z8L SV BN
vSc  98€l 98zl 66V 6Sv LLLL [Z9 916 98C 981 661 OLL SSE LI8 wLL OWE 299 /€Ll ZEv L6y 81 - - 919 22T SSL o1
61S 1ZIE L€yT 1SOL LOL 661Z 2€vL 8661 995 8IL 86V 16 €66 292C LE¢Z VK8 €ILL 9LLy €501 6K6 LSV  9€9L €29 LSWZ 29IS  9g0€ v
010 V0 8E0 YLI'0 YO 00 Y0 920 SO0 YOO €00 €00 OO €20 120 600 1Z0 V50 L0 00 ¥00 ZI'0 L0 620 90 SEO e
€ 16 9 € 8 G5 6 29 8L 9 Ll O g€ LL 19 62 8 €L 8 v& vl & - Ol 191 vzl 1

Ae  ady  uew ge4  cug{ 29 ‘AON 190 dag -3ny inf ‘unf  cAew  ady  aew Qa4 uef 29Q  CAON PO deg  Bny  nf unf Aewy “ady

86 76 T
Ioyjewr genonted Isieo)) (q)

—131—



—oET—

Table 47. Analytical results of airborne particulate matter at

(a) Fine particulate matter

rural site monthly(ng/m®)

Apr.  Jun. Jul. Aug. Sep. Oct. Nov. Dec. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Ti 146  40.2 - - 78 128 79 4.6 7.0 5.3 9.1 - - - 1.1 - 2.6 4.3 8.6 2.1 28 105 9.0 5.7
Sc 0.058 0.151 0.002 0.005 0.196 0.029 0.019 0.023 0.026 0.010 0.032 0007 0.002 0.004 0.003 0.001 0016 0.018 0.030 0017 0.027 0.030 0025 0014
Al 460 812 17 56 221 248 183 156 147 110 234 29 29 39 22 32 82 130 245 73 206 228 179 109
Fe 636 436 24 57 126 126 110 132 86 65 115 26 21 68 31 - 35 135 144 48 132 142 99 68
Na 150 177 119 42 38 v 59 97 48 25 70 33 30 162 27 28 49 91 109 65 103 109 76 92
K 255 689 35 78 188 157 185 382 144 54 392 93 67 139 58 65 108 219 277 70 258 287 177 221
Mn 106 212 0.7 4.4 7.7 9.1 6.1 124 54 24 100 23 2.1 3.2 3.2 33 33 8.5 99 2.0 7.2 95 53 43
Sm 0.053 0.048 - 0.006 0.012 0034 0.024 0.023 0.024 - 0.025 0.006 0.002 0.005 - - 0245 0912 0535 0.280 0.464 0.299 0348 0.371
La 025 021 002 004 014 021 033 049 0.10 - 0.6 003 003 006 002 003 009 011 022 008 0.17 015 0.1 0.10
\ 362 350 090 172 1880 444 284 776 244 039 143 080 057 053 043 068 055 212 423 038 247 268 206 1.02
Cr 533 921 053 080 011 139 188 187 1.19 049 0.14 061 - 091 125 - 355 28 209 1.07 024 003 076 -
Ce 330 1.74 - 020 038 046 077 105 0.10 - 012 - - - - 001 122 257 184 063 113 216 241 0.77
Cu - - 246 377 1137 1943 428 1355 342 091 203 430 7.02 513 277 180 286 ~ 727 - 1625 1121 417 340
In - - - 0.006 0.010 0.020 0009 0009 0.010 0011 0026 0.003 0.005 0.023 - - 0.009 0.007 0.042 0.019 0.049 0018 0.028 0.013
Cl 334 384 186 151 290 230 185 277 1970 134 180 476 207.3 108 4.5 95 137 135 433 90 261 218 303 268
Zn 86.0 - 82 152 451 648 319 670 185 83 347 118 111 299 8.0 01 252 458 331 120 501 519 262 307
As 163 220 014 150 307 692 509 245 228 001 143 031 082 098 0.27 097 117 1.22 258 057 58 221 183 1.88
Br 38 258 1069 037 15 281 106 830 226 - 223 055 - 082 103 050 134 324 626 173 517 787 313 429
| - - 218 063 078 077 079 151 066 032 174 036 049 047 025 032 042 075 109 038 108 135 074 1.06
Se - 159 - 022 029 030 045 091 047 - 066 021 012 0.16 0.11 0.003 0.087 0383 0.741 0.148 0.703 0.493 0.258 0.358
Sb 209 107 063 08 140 465 109 244 107 031 107 031 050 067 029 047 0495 1548 1796 0.206 2401 2.177 1382 0.781
TSP (<2.5 um) 23485 19065 61728 21219 13503 27006 23148 19290 11574 7716 13503 15432 15432 15432 15432 15432 9654 13458 20062 7330 17308 16394 17740 22418

continued
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(b) Coarse particulate matter

Apr.  Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Ti 700 1267 6.0 164 155 398 292 313 466 314 584 1.2 8.4 11.5 53 122 365 262 545 224 384 598 475 256
Sc 0.395 0.670 0.019 0.047 0.113 0.167 0.067 0.084 0.157 0.074 0.194 0.014 0.033 0.029 0.022 0.023 0.160 0.124 0292 0.061 0.143 0.266 0.1413 0.081
Al 2482 1193 214 427 823 1429 622 701 1164 697 2241 147 299 281 161 253 822 1125 1375 557 1215 1994 1323 187
Fe 1287 1M 95 233 305 587 274 347 448 230 566 104 175 157 87 134 558 496 956 182 448 883 459 283
Na 634 627 467 152 57 188 127 200 179 98 227 94 91 52 4182 74 304 348 592 147 234 489 160 210
K 707 1149 73 17 202 366 230 260 319 138 457 134 128 88 82 129 362 333 460 123 299 426 310 200
Mn 26.1 526 2.0 52 236 175 74 118 167 78 203 24 39 3.6 3.1 44 112 115 169 45 113 240 13.7 79
Sm 0.236 0.408 0.020 0.055 0.060 0.188 0.066 0.084 0.101 0.062 0.177 0.015 0.037 0.030 0.015 0.025 0.980 0.635 0.858 - - 0.627 - 1.023
La 1.31 186 0.14 038 059 079 050 056 080 023 076 014 018 014 0.0 0.12 0.63 1.32 1.07 027 061 113 125 033
\ 445 738 043 088 153 35 127 363 377 089 379 035 045 039 033 064 128 259 281 076 237 371 225 127
Cr 402 931 - 220 091 866 381 323 078 201 341 035 198 200 -~ 124 063 176 3.12 - - 236 0.96 -
Ce 3.57 5.6 - 078 1.4 1.30 039 132 1561 0.44 136 055 028 023 020 048 122 257 1.84 063 1.13 216 241 0.77
Cu - - - 391 435 1537 471 694 1458 - 1539 364 216 321 - 233 - - - - 599 533 - -
In - - - - - 0010 - - - 0.012 0.025 - - - - - 0.002 - 0.033 0.001 0.058 0.026 0.013 0.004
Cl 93 426 193 15 22 26 20 32 18 10 33 43 33 25 366 20 157 145 89 102 124 64 22 50
Zn 57.0 445 38 118 260 384 361 490 2238 6.7 427 122 133 6.7 126 143 248 392 427 87 315 608 263 173
As 234 1914 008 029 077 1772 - 089 294 067 145 007 050 011 039 037 208 070 316 016 324 217 130 095
Br 305 006 326 324 429 137 298 333 168 213 315 221 253 349 236 048 232 199 634 214 246 474 357 1.97
f - - 0219 0.261 0.199 0319 0.182 0.285 0.779 - 0.978 0.198 0.093 - 0.246 - ~ 0.280 - - - - - 0.224
Se - - 0.121 0.133 0.080 - - 0.088 0.262 - 0.474 0.144 0.071 0.048 - - - 0.123 - - 0.115 0.262 - -
Sb 080 052 020 0314 035 179 032 081 114 025 086 0.14 028 0.16 010 0.22 0.425 0.942 1.347 0.114 0931 1.769 0.738 0.412
TSP (2.5 - 10 um) | 38939 35842 15432 19290 17361 23148 11574 7716 27006 7716 7716 13503 23148 27006 38580 15432 14853 20833 34336 12539 19578 30777 25319 15962




Table 48. Elemental concentration in TSPM of urban area. (96.04-'98.05)

25 (ner/en) : ; Ratio
e PM 25 (ng/m PM 25 - 10 (ng/m") (PMas
Range Mean Geo. Range Mean Geo. /

Mean ean | PMjo)
Ti | 153 ~ 658 133 £ 125 949 | 979 ~ 812 8.0 * 122 535 0.56
Sc | 001 ~ 038 007 * 010 004 [003 ~ 27 029 £ 044 0.7 0.24
Al 1333 ~ 1266 - 28 * 261 206 | 280 ~ 15440 2149 * 2431 1461 | 0.13
Fe | 300 ~ 1305 225 + 223 164 165 ~ 8672 1009 * 1366 650 0.22
Na | 222 ~ 335 141 = 79 119 | 731 ~ 3520 504 =* 561 354 0.28
K | 018 ~ 863 300 £ 200 211 110 ~ 5816 736 £ 1038 439 0.41
Mn | 146 —~ 344 116 * 724 941 | 432 ~ 222 268 £ 339 176 0.43
Sm {0003 ~ 106 014 * 021 006 |003 ~ 514 058 *£ 102 0.24 0.24
La | 002 ~ 192 09 =+ 318 019 012 ~ 124 122 * 187 071 0.73
VvV 1031 ~ 201 519 * 424 387 | 061 ~ 626 656 * 910 4.03 0.79
Cr {016 ~ 261 396 * 566 182 |08 ~ 585 572 £ 104 232 0.69
Ce | 010 ~ 467 262 * 801 069 |035 ~ 716 178 £ 103 178 0.15
Cu | 266 ~ 181 157 * 294 9.9 422 ~ 299 132 £ 808 11.0 1.19
In [0.0008 ~ 0.42 004 * 007 002 {0005 ~ 0.12 003 £ 003 0.02 1.41
Cl | 269 -~ 672 685 * 111 391 | 084 ~ 1049 197 £ 248 917 0.35
Zn | 154 ~ 602 85 £ 106 620 {753 ~ 336 65.0 £ 681 432 1.38
As | 009 ~ 125 307 £ 251 222 |007 ~ 834 238 £ 189 163 1.29
Br { 008 ~ 255 678 * 55 420 [ 059 ~ 140 119 * 267 420 0.57
I 10024 — 401 138 £ 095 105 (012 ~ 353 080 £ 08 054 1.73
Se | 011 ~— 648 074 * 101 052 | 014 -~ 368 305 £ 849 0.80 0.24
Sb | 064 ~ 218 543 £ 420 411 | 021 ~ 316 313 £ 461 184 1.73
TSP 3329 ~ 51088 25224 =+ 12121 21985 | 3676 ~ 105996 33957 =+ 24386 26366 | 0.74
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Table 49. Elemental concentration in TSPM of rural area. ('96.04-'98.05)

Ratio
PM 2.5 (ng/m’) PM 25 - 10 (ng/m’) (PMas

o Range Mean Geo. Range Mean Geo. /
Mean Mean | PM o)

Ti | 1.12 ~ 430 104 = 791 830531 ~ 275 438 * 462 30.7 | 0.24
Sc {421 ~ 017 0030 £ 0033 0.02 {0009 ~ 088 018 £ 019 011} 017
Al | 979 ~ 663 171 * 135 121 | 109 ~ 5285 1197 % 1006 852 | 0.14
Fe | 028 ~ 749 120 = 138 739|870 ~ 2593 63¢ =+ 603 419 | 0.19
Na | 168 ~ 261 8.0 =+ 564 725516 ~ 1123 318 = 267 229 ; 0.28
K | 179 ~ 760 205 * 154 183 |72.83 ~ 1762 392 £ 349 285 | 052
Mn | 0.12 ~ 232 702 * 468 520|152 ~ 723 152 = 144 105 | 046
Sm |0.003 ~ 1.72 020 * 031 006001 ~ 195 1.17 £ 319 024 | 017
La |{0.0002 ~ 0.80 016 + 016 009 008 ~ 346 086 = 073 057 | 0.19
vV 1003 ~ 7.76 239 £ 188 159 (019 ~ 973 257 £ 216 175 | 0.93
Cr }0.025 ~ 117 227 = 28 1021011 ~ 123 329 * 345 1.76 | 0.69
Ce |0.006 ~ 3.89 059 *= 08 030|020 ~ 993 18 £ 190 124 0.32
Cu | 090 -~ 325 770 * 693 560 216 ~ 160 761 £ 544 579 | 1.01
In {0.003 ~ 007 002 = 001 001 |0003 ~ 0.1 002 *£ 003 0021 078
Cl | 448 ~ 207 364 T 441 239 |620 ~ 469 833 = 101 483 | 044
Zn | 014 ~ 320 460 = 540 270|383 ~ 983 33.0 £ 241 248 | 140
As | 001 ~ 202 241 * 336 128 |005 ~ 104 1.82 £ 216 093 | 1.32
Br | 005 ~ 111 344 £ 297 212|024 ~ 726 2.88 £ 148 245 | 1.19
I 0014 ~ 218 081 *= 056 060 {009 ~ 098 034 £ 024 027 | 237
Se [0003 ~ 1.75 050 = 044 033|005 ~ 211 034 £ 051 020 1.44
Sb 1 003 ~ 465 146 * 120 1.00 {007 ~ 3.0 070 £ 058 050 | 2.08
TSP| 3086 ~ 61728 18220 = 9871 160725401 ~ 77160 23140 * 13828 19728| 0.79

—135—




Table 50. Correlation matrix for environmental analytical data of urban area.

Fi Sc Al Fe Na K Mn  Sm La v Cr Ce Cu In C In As Br i Se Sb TSP

T 1.00

Sc 089 1.00

A | oss 0ss 100 Coarse Particle
Fe 093 0938 098 1.00

Na 085 091 090 092 1.00

K 095 097 098 099 091 100

Mn 0.96 096 099 098 091 084 1.00

Sm 0.74 076 0.78 077 071 031 030 100

La 0.98 09% 086 096 0388 097 097 031 100

v 0.93 091 093 092 08 081 096 027 0585 100

Cr 0.18 0.29 060 052 045 0.61 064 001 055 063 100

Ce 097 094 097 097 091 083 098 027 098 094 064 1.00

Cu 0.72 068 075 075 054 074 079 088 0.72 053 -0.07 070 1.00

In 038 031 030 031 027 043 035 084 047 019 020 018 057 1.00

(o) 051 044 044 045 065 036 045 044 048 047 013 043 041 013 100

Zn 0.78 0.72 0.87 080 068 069 082 032 085 079 040 097 088 053 040 100

As 060 058 0.61 059 054 0.76 061 025 059 059 034 038 056 026 038 053 1.00

Br | 088 082 082 083 0B85 070 085 031 088 003 045 083 034 024 062 064 054 100

{ 050 066 0.60 065 058 086 0.70 063 069 0.45 030 053 041 021 007 063 072 044 100
Se 023 033 031 053 037 049 049 002 059 038 0I5 042 096 089 033 076 0.82 049 082 1.00
$b 088 082 086 086 085 074 088 034 050 094 068 086 0.56 024 058 071 060 096 034 0.18 1.00

1sP | 083 078 08 077 075 081 083 032 083 080 0.6) 083 08 05! 020 073 033 049 076 09 060 1.00

Ti Sc Al fe  Na K Mn  Sm La vy Cr Ce Cu In Ci In  As | Br S¢  Sb TSP

Ti | 100

Sc | 045 100 . )

a loss oss 100 Fine Particle

fe | 072 096 078 1.00

No | 053 048 062 058 100

K | 063 056 074 071 062 1.00

Mn | 044 045 067 070 070 064 1.00

Sm | 060 005 017 0.2 -009 015 018 1.00

La | 061 074 095 081 068 076 068 0.8 100

v {-003 023 011 016 038 033 058 -009 029 1.00

Cr | 017 054 008 027 049 045 039 008 058 030 1.00

Ce | 037 002 067 092 042 053 062 012 099 049 0J3 1.00

Cu {015 012 041 051 055 040 055 048 042 044 021 043 100

in | 014 -004 031 0.28 020 025 043 0.66 021 008 029 006 049 1.00

¢l | 017 013 018 012 032 038 040 084 -0.08 025 020 004 043 081 1.00

20 | 019 036 029 034 047 046 066 008 054 070 027 005 065 039 020 1.00

As |-001 022 0.1 012 028 033 045 -0.11 041 038 028 001 -0.06 -0.13 -0.05 0.45 1.00

Br 009 009 0.2 019 056 020 036 012 016 046 038 -0.03 063 017 014 041 015 1.0

| | o040 043 051 047 052 054 037 008 045 021 -0.07 0.13 023 034 -007 027 023 038 100

Sc | 050 019 048 060 043 058 048 008 030 037 -002 038 052 008 -007 006 -007 021 026 1.00
st | 042 037 017 020 057 042 054 009 036 070 048 024 048 028 010 063 041 065 044 008 100
1sP | 013 027 032 077 053 051 068 024 036 054 041 037 086 037 017 042 024 049 034 060 057 100
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Table 51. Correlation matrix for environmental analytical data of rural area.

ri Sc Al Fe Na K Mn  Sm La v Cr Ce Cu in Ct Zn As Br I Se S TSP

Ti 1.00

Sc 091 1.00

Al 094 094 1.00

Fe 0.84 095 089 1.00

Coarse Particle

Na [ 069 081 071 084 100

K 092 098 095 096 080 1.00

Mn 1093 096 057 09 071 05 1.00

Sm | 020 026 028 022 024 025 018 1.00

La | 086 093 051 091 035 084 091 027 1.00

v 0.87 092 094 092 0.72 093 096 015 090 1.00

Cr 1047 059 053 060 052 064 058 003 062 060 1.00

Ce {090 091 088 089 079 093 089 0.6 095 087 062 1.00

Cu | 089 091 092 086 067 059 090 08! 087 092 054 080 100

In 080 090 0.74 083 085 080 08" 001 063 073 015 061 090 100

Ci 027 039 027 03t 045 035 036 020 025 025 030 030 035 001 1.00

Zn | 062 061 062 070 060 065 064 005 065 074 036 071 070 085 002 .00

As [ 036 044 041 046 031 043 043 035 044 046 035 034 076 077 0.3 058 100

Gr 042 047 045 064 056 053 047 0.0t 047 048 040 048 027 090 -005 054 023 100

4 077 080 08! 071 017 079 078 032 054 070 0.32. 053 084 - -0.15 045 076 -0.11 1.00

Se | 091 08 095 085 061 083 090 047 069 079 028 067 089 - 004 076 047 040 093 1.00

Sb ;052 045 058 046 043 047 053 0.6 053 059 024 046 084 078 -0.12 076 052 043 054 079 1.00
TSP ] 076 076 074 076 074 077 074 018 07¢ 071 035 073 038 071 030 054 031 050 - 006 030 047 1.00

Ti Sc Al fe Na K Mn  Sm La v Cr Ce Cu In Cl In  As  Br I S Sb TSP

Ti 1.00

Sc | 082 100

Al | 086 088 100

Fe 068 086 085 1.00

Na [075 073 069 081 1.00

Fine Particle

K 078 077 075 069 069 1.00

Mn {080 083 088 081 066 -011 1.00

Sm }-027 -0.08 -0.07 -0.05 0.11 012 -0.31 100

La 031 050 062 ©0.79 047 054 072 -013 100

v 065 067 071 067 061 073 085 -035 076 100

Cr 062 068 067 076 052 060 069 -012 062 046 100

Ce 074 078 079 086 021 067 080 -028 073 059 046 1.00

Cu | 062 055 048 067 049 049 053 052 046 048 0.2 040 100

In 011 056 040 047 058 043 024 069 021 010 -0.16 -0.16 066 1.00

Ct 039 059 036 067 055 048 043 -003 028 054 0.8 038 024 011 1.00
"zn {077 083 079 083 072 073 088 -0.05 081 083 059 041 088 041 056 1.00

As | 016 019 033 036 023 035 045 023 049 044 033 026 081 060 013 051 1.00

Br 051 027 038 034 056 056 046 046 038 048 0.5 017 053 045 0.7 055 027 100

1 055 040 042 040 061 065 059 042 044 041 -0.13 026 031 037 024 051 030 078 1.00

Se | 049 064 066 081 060 070 071 007 076 045 070 0.82 057 057 030 053 041 073 041 100
Sb 081 062 070 064 060 063 078 004 058 082 033 0.23 066 043 024 088 081 053 031 053 1.00

TS> | 050 052 0.52 068 047 056 054 -003 064 056 050 050 044 024 034 0.65 039 031 039 047 058 1.00
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Table 52a. Analytical results of air poliution monitoring at Tagjon site(tH 2+ Coarse).

Sample Start Start Stop Stop Sampling Volume Average Average Average Average Average Average Average MassC PM sPM BC1 sBC1 Al sAl As sAs
Lable date time date time time flowrate temp. pressure rainfall wind spee wind speer  wind ug ug/r'n3 ng/m®
[min] [m*) {L/min] [C] [Pal _ [mm/m?] __ [km/h] [m/s]  direction

IW110698C  11/06/98 12:00 11/07/98 12:05 1445.4 25.0 16 11.4 1013.9 - 5.94 1.65 E 710 28.40 2.30 916.3 74.7 0.358 0.070
IN110798C  11/07/98 12:20 11/08/98 12:20 1359.6 20.0 145 11 1009.9 - 4.86 1.35 WNW 1010 50.51 0.73 1817.4 29.0 7.277 0.292
IW111398C  11/13/98 11:01 11/14/98 11:01 1446.6 24.0 16 1515  1011.65 - 7.2 20 SSE 690 2874 1.06 925.6 349 1.008 0.088
IN111498C  11/14/98 1120 11/15/98 11:20 14454 21.0 18 16.4 1012.45 - 7.56 21 SSE 520 24.76 4.78 769.3 1485 2155 0.435
IW112098C  11/20/98 10:27 11/21/98 8:52 1345.2 21.0 16 1.45 1021.3 - 3.78 1.05 NW 340 16.19 0.39 1271.4 34.2 1.483 0.076
IN112198C  11/21/98 9:02 11/22/98 9:22 1402.2 200 16.75 2.2 1019.3 4.45 3.24 0.9 WNW 770 3849 5.71 1094.5 163.2 3.630 0.545
IW112798C  11/27/98 10:23 11/28/98 10:22 1439.4 220 16.4 5.1 1014.8 43 27 0.75 NW 620 28.18 1.92 903.4 61.6 1.779 0.138
IN112898C  11/28/98 10:34 11/29/88 10:34 14238 25.0 15.75 3.45 10155 - 2.34 0.65 WNW 450 18.00 207 671.4 77.2 1.109 0.134
IW120498C  12/04/98 17:05 12/05/98 10:18 1039.2 14.0 145 0.5 1021.75 - 2.34 0.65 N 1185 84.62 6.00 2240.4 159.5 1.707 0.196
IN120598C  12/05/98 10:33 12/06/98 10:24 14886 23.0 16.75 0.6 1023.45 - 234 0.65 NW 555 2413 1.87 805.5 62.6 1.895 0.148
IW121198C  12/11/98 10:57 12/12/98 11:43 1486.2 25.0 15.875 -1.0 1027.1 ~ 4.86 1.35 WNW 677 27.09 1.61 697.5 M7 0.860 0.075
IN121298C  12/12/98 11:52 12/13/98 11:82 1479 25.0 16.5 1.45 1022.4 - 3.78 1.05 ENE 877 35.08 3.18 7822 71.0 1.105 0.192
iW121898C  12/18/98 11:13 12/19/98 11:24 1450.8 25.0 16.25 53 10143 - 324 0.9 SSW 685 27.40 1.66 0.964 0.142
IN121998C  12/19/98 11:36 12/20/98 12:40 1542 28.0 175 3.45 10145 - 324 0.9 WNW 793 28.33 1.07 7617 28.9 2.506 0.197
IW122598C ~ 12/25/98 10:00 12/26/98 9:26 1402.8 27.0 175 2.2 1016.55 - 2.34 0.65 WNW 865 32.03 3.20 520.0 52.0 3.018 0.340
IN122698C  12/26/98 9:37 12/27/98 9:37 1462.8 29.0 19 275 1017.45 - 234 0.65 E 680 23.44 1.02 475.9 20.8 1.598 0.118
IW010899C  01/08/99 13:43 01/09/99 16:53 1572 29.0 16.756 -8.0 1017.45 0.25 5.22 1.45 NW 840 28.97 2.94 645.8 65.5 1.922 0.227
IND10999C  01/09/89 15:00 01/10/99 14:35 1416 28.0 18 -6.6 1021.1 0.0 5.84 1.65 WNW 600 21.42 2.11 546.3 53.9 3.080 0.331
IW011599C  01/15/98 11:27 01/16/99 10:30 1391.4 26.0 16 -0.75 1020.5 0.1 522 1.45 WNW 714 27.45 4.61 1003.9 168.7 2.530 0.452
INO11699C  01/16/99 10:50 01/17/99 10:50 1506.6 26.0 17 -0.7 1023.9 - 4.32 1.2 WNW 1082 41.61 0.63 9249 15.5 7470 0.233
IW012299C  01/22/99 11:50 01/23/98 11:22 1417.8 220 135 47 1014.6 - 576 1.6 SSE 879 30.95 5.97 13231 197.8 1.404 0.227
INO12399C  01/23/88 11:35 01/24/99 13:00 1527.6 28.0 17 6.25 1012.75 ~ 5.68 1.5 ESE 569 20.31 159 991.0 777 0.928 0.107
IW012999C  01/29/99 11:50 01/30/99 11:50 1429.8 23.0 16.65 -3.2 1016.1 0.2 54 1.5 WNW 624 27.13 0.92 1152.8 39.4 2235 0.108
iNO13099C  01/30/99 12:00 01/31/99 12:00 1440 220 16 -2.2 1015.35 - 27 0.75 WNW 367 16.68 0.75 6723 30.7 1.178 0.121
IW020599C  02/05/99 11:10 02/06/99 11:20 1448.4 27.0 175 -0.4 1022.5 - 45 1.25 WNW 452 16.74 1.09 656.3 429 0.718 0.103
(NO20699C  02/06/98 11:31 02/07/99 12:10 1489.2 26.0 17.75 1.15 1020.9 ~ 3.78 1.05 SSE 334 12.85 0.21 456.7 8.0 0.490 0.037
IW021298C  02/12/99 11:40 02/13/99 12:14 1465.2 24.0 17 -3.25 1020.65 0.05 7.74 215 NW 614 25.59 0.93 929.5 342 2.626 0.112
IND21399C  02/13/99 12:30 02/14/99 12:25 1438.2 23.0 17 -1.1 1023.3 - 4.32 1.2 NwW 547 2378 1.41 80.1 5.0 2.359 0.145
IW021999C  02/19/98 12:30 02/20/99 12:35 1411.2 250 17 -0.7 1018.65 0.1 7.92 22 NW 585 23.81 1.00 1.142 0.142
IND22099C  02/20/9% 12:40 02/21/89 14:.00 1549.2 26.0 18 -0.85 1019.8 0.1 8.28 23 WNW 613 23.59 1.59 667.4 45.2 1.854 0.148
IW030599C  03/05/99 11:20 03/06/99 0:00 1591.8 22.0 16.75 75 1005.5 1.45 63 1.75 Nw 1137 51.68 9.04 1898.4 3322 3.661 0.654
INO30699C  03/06/99 14:00 03/07/99 14:00 1390.8 23.0 18 58 1007.05 0.05 3.78 1.0 Nw 452 19.64 1.60 966.5 79.7 4.346 0.379
IW031299C  03/12/99 1057 03/13/99 10:57 1338.6 17.0 18 6.75 1017.3 - 2.88 08 ENE 2304 135.50 15.85 85.6 10.0 8.472 1.091
IND31399C  03/13/99 14:15 03/14/99 12:15 1566.6 14.0 18 83 1013.36 4 36 1.0 E 1655 123.48 17.53 8047.8 1143.4 8.708 1.421
IW031999C  03/19/99 10:45 03/20/99 10:45 1392.6 230 18 6.35 1011.45 295 14.22 395 ENE 264 11.48 0.85 710.8 135.0 0.270 0.081
INO32099C  03/20/99 11:10 03/21/99 11:10 13926 220 17 3.85 1012.7 0.65 11.34 315 ENE 204 9.27 0.66 3320 23.9 0.210 0.064
IW032699C  03/26/99 11:20 03/27/99 11:20 1524 19.0 18 9.15 1008.95 8.85 5.22 1.45 NNwW 256 13.48 1.41 5435 575 1.029 0.156
IN032799C  03/27/99 12:40 03/28/99 12:40 1314 14.0 18 6.8 1018.1 - 6.66 1.85 w 592 4227 6.00 3102.4 440.9 7.128 1.032
IW040299C  04/02/99 11:26 04/03/99 11:26 1440 27.0 18 7.75 1015.6 . 5.76 16 WNW 646 23.93 1.00 961.0 40.4 3.736 0.189
IND40399C  04/03/99 11:30 04/04/99 11:30 1440 21.0 18 7.25 1015.15 - 4.86 1.35 s 842 40.09 3.81 1847.2 175.8 4.700 0.492
IW040999C  04/09/99 11:30 04/10/99 11:30 1538.4 220 17 11.7 1005 222 576 1.6 NE 138 6.27 570 4228 3843 0.651 0.593
IN041098C  04/10/99 13:20 04/11/99 13:20 1432.2 210 18 14.25 1003.95 8.05 8.28 23 NNE 119 5,67 0.64 399.3 454 0.876 0.147
IW041689C  04/16/99 11:30 04117199 11:30 1419.6 220 175 147 1009.35 - 4.86 1.35 SSE 836 28.90 3.31 1456.2 167.0 1.214 0.145
IND41799C  04/17/99 11:40 04/18/99 11:40 1507.8 22,0 1475 17.75 1005.3 - 4.14 1.15 SSE 1507 68.51 0.74 1915.0 239 2.798 0.176
IW042399C  04/23/99 11:20 04/24/99 11:20 1378.2 220 18 20 1005.75 0.45 522 1.45 E 1285 58.88 6.66 2620.2 296.8 5.418 0.639
IND42499C  04/24/98 12:00 04/25/99 12:00 1405.2 25.0 17.75 20.65 1009.1 - 432 1.2 E 799 31.97 0.07 14120 7.8 2.342 0.100
IW043099C  04/30/99 11:30 05/01/99 11:30 13746 20.0 18 16.1 1018.65 . 6.84 1.9 SSE 1071 53.54 4.44 2539.8 211.3 4.013 0.381
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Sample Start Start Stop Stop Sampling Volume Average Average Average Average Average Average Average MassC PM sPM BC1 sBC1 Al sAl As sAs
Lable date time date time time flowrate temp. pressure rainfall wind speerwind speer  wind ug ug/m® ng/m®
[min} [mY [L/min} [C] {hPa]  {mm/m?  [km/h} [mis) direction

INOS0199C  05/01/99 11:40 05/02/99 11:40 1455.6 23.0 18 16.05 101875 - 4.86 1.35 SSE 669 29.08 2.21 1625.0 1240 1.225 0.126
IW050799C  05/07/99 11:00 05/08/99 10:00 1387.8 18.0 18 18.0 1099.6 40 11 s 55.94 15.63 2681.2 749.3 2.645 0.782
IN050899C  05/08/99 13:00 05/09/58 11:00 13416 16.0 14 18.4 1012.7 27 0.8 S 47.06 6.97 1857.5 275.3 2.036 0.324
IW051499C  05/14/99 11:05 05/15/99 11:05 13242 16.0 18 18.9 1014.3 1.8 0.5 ssw 31.38 10.31 1188.7 3908 1.747 0.581
INO51899C  05/15/99 14:25 05/16/99 14:25 1431 16.0 14 17.3 1013.4 1.3 0.4 s 21.13 4.25 596.9 1203 0.538 0.132
1W052199C  05/21/99 8:30 05/22/99 8:30 1422.6 14.0 13.5 19.7 1015.5 18 0.5 SSE 4350 11.79 1821.5 4938 2.983 0.819
INO52299C  05/22/99 11:18 05/23/99 11:18 1374 24.0 15 215 1015.2 1.9 0.5 SSE 33.04 5.43 1426.9 2348 1.427 0.280
IW052899C  05/28/99 12:10 05/29/99 12:10 1260.6 19.0 16.5 15.2 1009.9 19 0.5 sw 27.26 2.36 1475.4 127.9 0.908 0.113
INOS2999C  05/29/99 12:30 05/30/99 12:30 1414.8 19.0 18 16.7 1012.6 1.1 03 WNwW 3037 7.7 1086.1 278.4 0.788 0.226
IW060499C  06/04/99 12:25 06/04/99 11:25 1399.2 23.0 18 233 1010.7 0.9 0.3 WNwW 33.43 2.90 1305.3 1134 3.506 0317
INOB0799C  06/07/99 12:00 06/08/99 12:00 1465.2 2.0 16.25 22.8 1009.9 0.4 13 0.4 NwW 24.00 1.82 1072.9 81.7 0.960 0.091
IW061199C  06/11/99 10:30 06/12/99 12:00 1465.8 21.0 18 228 1011.6 07 0.2 Nw 48.00 9.80 1870.5 3819 1.926 0.397
IN0B1299C  06/12/99 14:50 06/13/99 13:50 1405.8 20 16 23.4 1011.6 08 0.2 NwW 40.77 0.89 17221 38.6 1.645 0.069
IW061899C  06/18/99 13:35 06/19/99 13:35 1641 27.0 18 215 1007.5 0.2 13 0.4 SSE 16.00 137 507.3 437 1.804 0.160
INO61999C  06/19/99 17:00 06/20/99 15:00 1333.2 22.0 18 218 1008.7 1.2 0.3 ssw 21.46 1.79 899.8 75.0 2.050 0.177
IW062599C  06/25/99 11:08 06/26/99 11:08 1385.4 10.0 18 221 1006.6 1.2 0.3 SSE 0.70 0.42 33.2 199 0.027 0.023
INO62699C  06/26/99 12:25 06/27/99 13:25 1498.8 15.0 135 2341 1008.9 11 03 SSE 1.07 0.28 2241 5.8
IW070299C  07/02/99 11:00 07/03/99 11:00 1465.2 23.0 16.5 20.0 1003.6 143 21 0.6 E 15.22 0.74 28.6 1.5 0.284 0.043
INO70399C  07/03/99 11:40 07/03/99 11:40 1468.8 20.0 16.5 24.2 1008.0 13 0.4 wsw 15.60 273 485.2 8438 0.473 0.004
IWO070099C  07/09/99 11:40 07/10/99 12:20 1475.4 23.0 18 228 1005.7 15.2 5.0 1.4 ESE 8.78 1.18 240.2 322 0.147 0.046
INO71099C  07/10/99 12:25 07/11/99 11:25 1375.8 21.0 16.25 23.9 1006.6 0.1 34 0.9 ESE 11.90 0.72 301.1 185 0.143 0.057
IW071699C  07/16/99 11:55 07/17/99 11:05 1387.8 21.0 18 24.9 1003.7 32 0.9 SSE 22.95 3.66 1182.0 188.4 2.854 0.457
INO71799C  07/17/99 11:10 07/18/99 11:10 1440.6 19.0 18 247 1005.1 23 0.6 s 18.58 4.97 943.8 252.3 2.232 0.598
IW072399C  07/23/99 11:35 07/24/99 11:35 1413.6 21.0 16.5 25.6 1005.1 8.4 1.9 0.5 ESE 12.14 1.21 439.2 43.9 0.418 0.052
INO72499C  07/24/99 11:40 07/25/99 12:25 1887 250 18 264 1005.6 19 0.5 s 10.32 2.72 392.1 103.5 0.169
IWO073099C  07/30/99 11:40 07/31/99 11:40 1447.8 23.0 18 25.7 1006.5 35.2 15 0.4 wsw 2213 2.60 2236 26.3 0.168 0.031
INO73199C  07/31/99 12:00 08/01/99 12:00 14226 220 17.5 26.6 1006.5 14 3.4 0.9 SSE 14.77 172 339.2 39.5 0.110
IW0B0699C  08/06/39 10:50 08/07/99 10:50 1450.2 220 17.5 271 1004.0 33 0.9 ENE 9.14 1.22 209.8 40.0 0.082 0.028
INOBO799C  08/07/99 10:50 08/08/99 10:50 1446 22.0 18 28.5 1000.1 43 12 E 8.55 1.32 399.1 61.8 0.086 0.027
IW081399C  08/13/99 11:40 08/14/99 11:14 13824 230 16.75 27.9 1007.5 18 0.5 ESE 33.44 0.22 1147.2 9.3 0.437 0.048
INOB1499C  08/14/99 11:25 08/15/99 11:25 1441.2 27.0 18.25 27.9 1009.9 1.4 0.4 ENE 11.82 0.31 591.8 16.1 0.174 0.008
IW082009C  08/20/99 11:15 08/21/99 11:15 14154 22.0 18 25.6 1008.7 307 14 0.4 SSE 12.41 1.69 453.0 61.9 0.563 0.080
INOB2199C  08/20/99 11:30 08/22/99 11:50 1453.8 21.0 16.5 23.8 1009.0 23.6 1.2 0.3 SSE 21.24 2.65 708.2 88.4 1.675 0.212
IW082799C  08/27/99 11:30 08/28/99 11:30 1416.6 22.0 16.5 21.0 1008.5 14.8 10 0.3 SSE 11.09 0.65 2753 16.4 0.199 0.021
INOB2899C  08/28/99 12:00 08/29/99 11:00 1378.2 21.0 18 23.9 1011.5 03 0.8 0.2 SSE 20.43 3.14 729.7 1121 1.474 0.228
IW090399C  09/03/99 13:20 09/04/99 12:20 1380 240 17 24.9 1019.2 21 0.6 E 27.79 0.64 878.0 20.5 0.987 0.141
INOS0499C  09/04/99 13:20 09/05/99 13:21 1446 24.0 16.25 25.2 1016.3 1.4 0.4 E 17.13 0.37 543.0 124 0.632 0.057
IW091099C  09/10/99 11:30 09/11/99 10:30 1410 220 16.5 24.3 1001.2 150.5 21 0.6 E 15.46 0.84 362.7 19.8 0.359 0.033
INOg1199C  09/11/99 12:20 09/12/99 12:20 14238 230 16.75 255 1004.5 11 0.3 sSsw 24.87 0.88 707.8 255 0.737 0.036
IW091799C  09/17/99 11:50 09/18/99 11:50 1457.4 23.0 16.5 20.8 1016.2 325 3.5 1.0 ENE 10.04 0.44 2737 121 0.128 0.035
IN091899C  09/18/99 12:30 09/19/99 12:30 1448.4 230 175 22.5 1015.3 84 3.6 1.0 E 791 0.73 213.9 19.9 0.093 0.018
W100199C  10/01/99 11:40 10/02/99 11:40 1413 220 16.5 221 1016.5 23 0.6 ESE 24.08 1.36 7432 423 0.747 0.065
IN100299C  10/02/99 11:40 10/03/99 12:40 1435.8 24.0 16.75 15.3 1016.5 429 13 0.4 NNW 17.92 0.04 659.6 6.8 4.045 0.101
IW100899C  10/08/99 11:05 10/09/99 12:05 16252 19.0 16 16.3 1018.1 0.8 0.2 ESE 59.47 13.17 3.394 0.754
IN101099C  10/10/99 12:10 10/11/99 11:10 1416 20 16.5 159 1017.9 467 13 0.4 ESE 3227 1.88 731.9 42.9 1.305 0.090
IW101589C  10/15/99 11:40 10/16/99 11:40 1433.4 24.0 16.5 16.1 1020.3 0.4 16 0.4 WNW 58.75 0.87 2919 0.087
IN101699C  10/16/99 11:40 10/17/99 10:40 1392.6 25.0 16.5 6.7 1027.4 24 0.7 NwW 28.40 2.50 1019.9 89.8 2.781 0.254
IW102200C  10/22/99 10:00 10/23/99 10:00 1438.2 20.0 155 14.8 1021.4 0.9 0.3 SsSwW 58.00 5.96 1747.4 179.8 9.804 1.025
IN102399C  10/23/99 10:35 10/24/99 9:35 1416 25.0 17.75 14.2 1023.6 22 0.6 E 27.60 0.15 992.1 8.7 0.639 0.110
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Table 52b. Analytical results of air poliution monitoring at Taejon site(th Z+ Fine).

Sample Start Start Stop Stop Sampling Volume Average Average Average Average Average Average Average MassF PM sPM BC1 sBC1 Al SA As SAs Ba sBa
Lable date time date time time flowrate  temp. pressure rainfall wind speec wind speec  wind ug ug/m3 ugim3  (Cohen) ng/m3
jmin) 3} {Limin) iC] [nPa]  {mmm2]  fkmm) {mis} _ direction ugin3

IW110698F  11/06/98 12:00 11/07/98 12:05 14454 250 16 11.4 10139 - 5.94 1.65 E 460 18.40 1.49 541 0.44 1286 105 0.605 0.071 8.930 2202
INT10798F  11/07/98 12:20 11/08/98 12:20 1359.6 20.0 145 11 1009.9 - 4.86 135 WHNW 450 2251 0.33 395 0.06 409.7 6.4 2370 0.040
IW111398F  11/13/98 1101 11/14/98 11:01 1446.6 240 16 15.45  1011.65 - 7.2 20 SSE 600 24.99 0.92 495 0.18 226.4 86 2.049 0.082 9.766 2.210
IN111498F  11/14/98 11:20 11/15/08 11:20 1445.4 21.0 18 16.4 1012.45 - 756 21 SSE 1500 71.43 13.78 473 0.91 4133 79.8 9.225 1.782 8.323 4.004
IW112098F  11/20/98 10:27 1172108 852 13452 21.0 16 1.45 1021.3 - 378 1.08 NW 1060 50.48 123 257 0.06 142.9 48 10.066 0.263
IN112198F  11/21/98 9:02 11/22/98 922 14022, 200 16.75 2.2 10193 4.45 324 09 WNW 380 18.99 2.82 3.30 0.49 2358 351 2.507 0.377 6.814 3.448
IW112798F  11/27/98 10:23 11728198 10:22 1439.4 220 16.4 5.1 1014.8 43 27 075 Nw 720 32.73 223 6.09 0.42 159.7 114 2.836 0213
IN112898F  11/28/98 10:34 11/29/08 10:34 14238 250 15.75 345 10155 - 234 065 WNW 630 25.20 2.89 3.70 043 119.9 13.9 2638 0.308
IW120498F  12/04/98 17.05 12/05/98 10:18 1039.2 14.0 145 05 1021.75 - 234 0.65 N 198 1414 1.00 059 0.04 454 37 0.048 0.017
IN120598F  12/05/98 1033 12/06/98 10:24 1488.6 230 16.75 06 1023.45 - 234 0.65 Nw 990 43.04 334 456 0.35 168.7 13.2 4.989 0.396 8.292 3.200
IW121198F  12/11/08 10:57 12/12/98 11:43 1486.2 250 15,875 -1.0 1027.1 - 4.86 135 WNW 176 7.04 0.42 1.59 0.10 497 32 0.863 0.057
IN121298F  12/12/98 11:52 12/13/08 11:52 1479 25.0 165 1.45 1022.4 - 3.78 1.05 ENE 249 596 0.90 1.71 0.16 505 47 0.527 0072
1W121898F  12/18/98 1113 12/19/98 11:24 1450.8 25.0 16.25 53 10143 - 324 09 Ssw 190 7.60 0.46 1.85 0.11 317 21 0.372 0.041
IN121998F  12/15/98 11:36 12/20/08 12:40 1542 280 17.5 345 10145 - 3.24 0.9 WNW 405 14.47 0.54 245 008 137.0 5.4 1.691 0.080
IW122598F  12/25/08 10:00 12126198 9:26 1402.8 270 175 22 1016.55 - 2.34 0.65 WNW 211 7.81 0.78 1.94 0.19 519 5.3 1227 0.133
IN122698F  12/26/98 9:37 1212798 9:37 1462.8 29.0 19 2.75 1017.45 - 234 065 E 224 7.72 034 205 0.08 50.7 24 0.298 0.025
IWO010899F 01089 13:43 01/09/99 16:53 1672 29.0 16.75 -8.0 1017.45 0.25 522 1.45 NW 306 10.55 1.07 1.87 0.19 247.9 252 3.015 0.313
INO10999F  01/09/99 15.00 01/10/99 14:35 1416 28.0 18 6.6 1021.1 0.0 594 165 WNW 348 12.42 1.22 172 0.17 316.3 314 4111 0414
IW011599F  01/15/99 11:27 01/16/99 10:30 13914 26.0 16 -0.75 1020.5 0.1 522 145 WNW 388 14.92 2.50 255 043 1831 30.8 2513 0.427
INO11699F  01/16/08 10:50 01117199 10:50 1506.6 26.0 17 07 1023.9 - 432 12 WNW 272 10.46 0.16 211 0.03 224.7 42 3.095 0.086
IW012299F  01/22/99 11:50 0123199 11:22 1417.8 220 135 47 10146 - 576 16 SSE 526 2391 3.57 4.87 0.73 265.2 397 2459 0.373 92697 3.011
INO12399F  01/23/99 11:35 0172429 13:00 1527.6 28.0 17 6.25 101275 - 558 155 ESE 495 17.67 1.38 3.01 0.24 184.8 14.7 1672 0.169 4.890 2664
IW012999F 0172998 11:50 01/30/99 11:50 14298 230 16.65 -3.2 1016.1 0.2 54 15 WNW 222 965 0.33 230 0.08 2229 8.0 1.75¢ 0.079
INO13099F  01/30/99 12:00 013109 12:00 1440 220 16 22 10156.35 - 2.7 0.75 WNW 212 963 0.43 221 0.10 752 38 0.779 0.051
IW020599F  02/05/99 11:10 02/06/99 11:20 1448.4 27.0 175 -0.4 10225 - 45 125 WNW 267 589 0.65 235 0.15 137.6 92 1.307 0.008
IND20699F  02/06/99 11:31 020799 1210 1489.2 26.0 17.75 1.15 1020.9 - 3.78 1.05 SSE 193 743 0.12 219 0.04 738 1.9 0.585 0.042
IW021299F  02/12/99 11:40 02113199 1214 14652 240 17 -325 102085 005 774 245 NW 214 892 033 158 006 1408 56 1854 0.073
INO21399F  02/13/99 12:30 02/14/199 12:25 1438.2 230 17 -1.1 1023.3 - 432 1.2 NwW 166 722 0.43 1.50 0.08 697.4 418 1311 0.083 23.431 3.461
IW021999F  02/19/99 12:30 0220199 12:35 14112 25.0 17 -0.7 1018.65 0.1 7.92 22 NW 113 452 0.19 0.34 0.01 857 40 0.378 0.024
INO22099F 022009 12:40 0221199 14.00 1549.2 26.0 18 -0.95 1019.8 0.1 8.28 23 WNW 129 4.96 0.34 0.33 0.02 95.4 6.6 0.563 0.042
IWO030599F  03/05/99 11:20 03/06/39 0:00 1591.8 220 16.75 75 1005.5 1.45 8.3 1.75 NW 33 150 0.26 0.36 0.02 332 59 0.080 0.011
INO30699F  03/06/99 14.00 03/07/99 14:00 1390.8 23.0 18 5.8 1007.05 0.05 3.78 1.05 NwW 326 1417 1.15 223 0.15 306.5 251 5.193 0.427
IW031299F  03/12/99 10:57 03/13/99 10:57 13386 17.0 18 6.75 1017.3 - 2.88 0.8 ENE 147 864 1.01 152 027 145.1 173 1.372 0.167
{NO31399F  03/13/99 14:15 03/14/99 12:15 1566.6 14.0 18 83 1013.356 4 3.6 10 E 228 17.01 242 249 0.20 4852 69.3 1.780 0.297 20.565 6.622
IWO031999F  03/19/99 10:45 0320199 10:45 13926 230 18 6.35 101145 295 14.22 395 ENE 108 470 0.39 147 0.14 545 4.7 0.442 0.051
INO32099F  03/20/09 11:10 0372199 11:10 13926 220 17 395 1012.7 0.65 11.34 3.15 ENE 159 7.23 0.51 219 0.31 89.6 6.5 0.644 0.070
IW032699F  03/26/99 11:20 03127199 11:20 1624 19.0 18 915 1008.95 8.85 522 145 NNW 16 0.84 0.09 0.55 0.05 15.7 20 0.166 0.052
INO32799F  03/27/99 12:40 03/28/99 12:40 1314 14.0 18 68 1018.1 - 6.66 1.85 w 73 521 0.74 1.03 0.07 219.4 31.4 1.695 0.251
IW040299F  04/02/99 11.26 04/03/99 11:26 1440 270 18 775 1015.6 - 5.76 16 WNW 334 12.37 0.52 207 0.22 0.0 0.0 2.945 0.130
INO40399F  04/03/99 11:30 04/04/99 11:30 1440 21.0 18 725 1015.15 - 4.86 135 s 4423 21.06 2.00 434 0.62 337.2 323 3.417 0.345 8.614 3.535
IWO040899F  04/09/99 11:30 0471099 11:30 1538.4 220 17 1.7 1005 222 576 16 NE 377 17.14 15.58 2,66 0.1 152.2 138.4 2.489 2.263
INO41099F 04710199 13:20 04/11/99 13:20 14322 21.0 18 1425 100395 805 828 23 NNE 199 9.48 1.07 111 0.11 127.1 146 1.451 0.168
IW041699F  04/16/99 11:30 04117/99 11:30 14196 220 17.5 14.7 1009.35 - 4.86 135 SSE 605 27.49 3.15 3.26 297 0.0 0.0 2419 0.277 7.261 3.184
INO41799F  04/17/99 11:40 04/18/99 11:40 1507.8 220 14.75 17.75 1006.3 - 4.14 1.15 SSE 158 7.18 0.08 0.77 0.09 745 1.9 2493 0.157
IW042399F  04/23/99 11:20 04124199 11:20 13782 220 18 20 1005.75 0.45 522 1.45 E 274 12.46 1.41 2 023 302.8 345 2.790 0.318
INO42499F 04724199 12,00 04/25/99 12:00 1405.2 250 17.75 20.65 1009.1 - 4.32 12 E 283 11.32 0.03 1.80 0.02 1334 25 1.220 0.020 5.108 1.875
IWO043099F 