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211 (Neutron Activation Analysis)

(radioisotope)

(John J. Fardy,1986)

2.1.2 2
2121 : (Non-Destructive Neutron
Activation Analysis) Instrumental Neutron Activation Analysis (INAA)
21.2.2 (Destructive Neutron Activation
Analysis) INAA
Chemical  Neutron
Activation Analysis (CNAA) Radiochemical

Neutron Activation Analysis (RNAA)

21



«

1 moi«

2.13 (Neutron Sources)
2131 (Nuclear Reactors)
' (fission reaction)
- 235
10 MeV
(fast neutrons) 0.01-10 MeV
(intermediate neutrons) 2
- (epithermal neutrons) leV-1 KeV
- (thermal neutrons) 0.025 ev
( neutrons) 0.03- 1eVv
2.1.3.2 (Particle Accelerators)
H ' ( , ,
) (target)
2( , ) He3
H3( , ) Hed
Li7 (p,n) Be7

Bedd, ) BD
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2.1.33 (Isotopic Neutron Sources)

v, ) - (a,n)
(spontaneous fission )
Cf-252 35 1
214 '
2.1.4.1 - ()
Ms + 1 oS > s t+ vy
TAs(n,y)BAs
"Na + 1 T 2ZNa + vy
2ZNa(n,y)2Na
2.1.4.2 - (.p)

"W+ 1 > ¥ + 1



IN(n,p)HC

22 + T
An.p)3?

2.1.4.3

ZAl + | B A
ZIAI(n,a)2Na

9= + 1 /] -
19(n,0C)1BN

( 1 ) ( 12 )

2.15

( eutron flux)

section”

P=N[)

(.H

(neutron cross-

(2-1)



N
G ( cross - section )
(bam) (1 bam = 1024 . )
9
N = NOWK (2-2)
M

NO Avogadro’s number = 6.02 X 1023

K
M
l 1
(dN*/dt™
(NCT())) (AN¥)
dN*/dt = NCT<[>An' 2-3)
X (decay constant )
0.693/T12
©12 ( half - life )

(2-3)



AN* = N<7()(1-e + NOe'Xt
t=0, NO*= 0
AN* = NCI()(1-e"
(2-1) P = NG()
Xo = P(l-exi)
T (\)
AT = AN = P(1l-eAt) -eAT

(2-1), (2-2) (2-7)

>
I

NOWKCT<>(1 -ex ) . AT
M

AM . e”T

NOKCT()( 1 - €74

(2-4)

(2-5)

(2-6)

(2-7)

(2-8)

(2-9)

10



2.16

AW =

(2-11)
M)
@
(t)

saturation factor

11

(2-10)

(2-8) T=0
NOWKG<|)(1 -eAt)
M
NOKQ(@)(1 -e Xt) (2-11)
M
{tl
(K)
(1- ") 1
NOWKG(j) (2-12)

M



2.1.7

2.1.8

2181

21

RNAA

(A/W)

12



(Quantitative)

2.1

(Guinn, . .1980

0.009
0.003
0.009
0.03
0.09
0.3
0.9
3.0
9.0
30.0
900.0

1013

2.1.8.2

(Qualitative)

. .2523)
Mn,

Co, Ir

Br, Au

V, Cu, As, Ag, |,

Na, Sr, Sb, Cs, La,
Al, Cl, K, Sc, Hg

Si, Ni, Rb, Cd, Ba, Pt
P, Zn, Mo,

Mg, Ca, Bi

Cr, Zr

Fe

13
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2.1.8.3

neutron)

(peak energy)

- ( 1p)

(thermal columm)

(adsorption”®

/

(Energy Resolution)

- (,00f

14
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219 (Gamma - Ray Spectrometry)

(energy peak)?

( ) 2 3-6
keV* - 2 130 -
150 keV (high purity germanium)

1 102
hyperpure Ge (HPGe) 3
keV 10 MeV* ? p-type n-type
- 1 2.96 eV

Qo = Eels8 (2-13)



16

E (MeV)
e =16x1019
8 - 1 =2
Eff = [cps/(dpsxf)l x 100 (2-14)
Eff ( )
cps ( )
dps
f
2.2 2 <fl(X-ray fluorescence technique)
221
(shell)
( K L) (ionization)

(primary radiation)

(fluorescent x-ray)” “

(x-ray fluorescence)" 2.2



i

- <
@ dlanmiau

2.2 ( ,2533)
L El
K Ek E
E = El - Ex
(electron shell) (subshell)
(2 -].) subshell ( principal quantum number)
K, L M N,... 1 3,5 7,...
?

2.3



N
M
L
K
2.3
(
222
2221

non-dispersion

(scintillation detector)Vi

detector)

8| |82 ¥

ay

8, B2

@2

K Serles
lines

,2525)

L series
lines

?

12

18

EDX (Energy Dispersive X-ray Fluorescence)

(x-ray detector)

(gas-filled)

( emiconductor detector)

5.9 KeV

2.7%

I

52%

(gas-flow)

(liquid nitrogen)

(proportional

(energy resolution)

16%



(preamplifier)

(amplifier)
(analyzer)
(memory)
( tichannel analyzer MCA) £
energy despersive x-ray fluorescence analysis “EDX"
24
Primary
X-Ray _Specimen
Primary
X-Ray Sourc
Multichannel
Analyzer
HPGe X-Ra -
Detector = B Microcomputer Printer
4
2.4

EDX

19



20

2.2.2.2 WDX (Wavelength Dispersive X-ray fluorescence) dispersion

(diffraction” (interference)U

(analyzing crystal)

")
(constructive and destructive
interfemce)
Bragg
2d sin 0 = nx, (2-16)
d
0
X 1,2,3,...
EDX ; 3 "' Nal(Th
EDX
(single channel analyzer : SCA)
WDX 25
2.2.3

(geometry) 3



Ik tn JOou

«

x-ray tube

——————— ’
- -~
> S~
- ~
P ~
~
~
N

[~ sample
\' protective
“ box

\
1
|
1
{
!
]

\ T, .

\ focusing ,

\\ circle

\ /
\ i
\
. /,’
S -
’/
cuunter
2.5 W DX ( ,2525)
2231 coaxial geometry I
EDX
2.6
speemen specimen
— —— r_~.~:-~-;-:~~~-;.-.-..~,:y AT
N 4

| — active surface

: RS YRR
%:—Lhield VIIIAmWA ing source

u
l
|
I
|
|
|
l
[
(
l
Y

detector

« primary x-ray T «. fluorescent; x-ray

2.6 coaxial geometry ( ,2525)



2.2.32 non-coaxial geometry

'i(x-ray tube)

2.4

224

(calibration curve)

2.7

INTENSITY AY THE PRAK T,

|
l
[
n
!
[
|
'
¥

T

ag

EDX

74
/I
S _l;l .
J’ A

CONCINTRATION JC X'

2.7

( ,2532)

WDX

22



2.3

2.1

Ip = me + IB (2-17)

c = (p-1Bm (218

Ip
B (background)
c (ppm)

calibration factor

(count per unit time per unit concentration)
matrix effect

( ,2525)

(Vetiver Grass)( ,2541)

(Mysore)

50

23



24

2.2 }
( ,2541)
- 150-200
R - 100-150
45-100 . 0.6-1.2 . L 35-80 . 0.4-0.8

' 150-250 - 100-150
- 1.4-
1.6% - 80-100

100-300



(Vetiveria zizanioides Nash)

Camus) 2
( )
( ,2541)
2.3.1

23.1.1

2.3.1.2

2.3.1.3

23.14
2.4

5
23-92 4 -7 68
105 (
)
?

(complex-compound)
(organicmetallic comlpound)

(food chain)

25

2

(Vetivena nemoralis A.

2.2

fl



2.3

*  Patterson, 1985
** Bailey, 1986

«

2.3

,2539 [

Wilson Disease

26
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2.5
ANOVA (Analysis of Variance)
(Completely Randomized
DesigmCRD) (experiment unit)
(Homogenous)
(Treament”
(total eansquare
=MSt) 2 (between mean square=MSb)
(within mean square
=MSW)

F
3.3
2.4
( ,2531)
ssb= zn,(x-MT k-1 MSb=SSbi(k-1) F = MSHMSw
ssw= Z(X,-M,)2 -k MSWESSW , - K)

SS, =Z(X-Mt)2 -1



| i (i=1,2,3.....Kk)
M, = |
Mt =
X, i
X
F
(a)
.05 .01 .001
a df F
F
F (a)
Vv
?

(Kirk,1969 ,2539)

28



2.6

Zheng Chum Rong, Tu Cong

29

Chen Huai Man,1998

Priliminary Experiment on Purification of Eutrophic Water with Vetiver

(floating island) 4 river waterl, river water2,
tap water pond water 4
74% 5
99% 3 river water pond
water tap water river water pond
water tap water 68.5 - 80, 60 50
Xia Hanping, Ao Huixiu, Liu Shizhong He Daoquan,1998 A
Priliminary study on Vetiver's Purification for Garbage Leachate ?
4 Vetiveria

zizanioides, Altemanthera philoxeroides, Paspalum notatum

(Guangzhou)

high concentrated leachate(HCL)
water
V. zizanioides

2 (HCL.LCL) p. notatum

Paul Truong Dennis Baker, 1997

the Rehabilitation of Toxic and Contaminated Lands in Australia

(Mn) (As)

(Cn (Ni)

250ppm), Cd(10 - 20ppm), Cu(10 -20ppm), Cr(200 - 600ppm)

low concentrated leachate(LCL)

A. philoxeroides

HCL

(C)

Eichhomia crassipes

3
clean
4

E. crassipes

The Role of Vetiver Grass in

(Cu)

Mn(578), As(100 -

Ni(50 - 100ppm)



30

, 2518
Hf-178 zirconium nitrate Ag-109 Si Al-27 Mn-55 A-40
? Al-27 K-41 Na-23 Mn-55
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