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SUMMARY

This research focuses on development of portable atomic emission
spectrometry(AES) for the trace analysis of heaw elements founded iIn
agricultural products. For this purpose, glow discharge was used and the
developed GD-AES showed several advantages, which were small volume, low power
consumption, lowv maintenance cost, etc. We developed new glow discharge cell
that showed similar excitation temperature, 7,000 K, as inductively coupled
plasma(ICP). This cell will be patented. The glow discharge(GD) cell is a
see-through type and continuous gas flow is required under low pressure(about
2-5 torr). But low gas consumption and low electric posver are needed. Two
sample introduction units were developed. One was direct sample insertion type
and the other was developed based on electro-thermal vaporization(ETV). Two
models of GD-AES were designed and both systems were examined. ETV-GD-AES is
currently developed as a comercial product. That is an inexpensive system
with comparable quality of analytical performance. Mostly direct current glow
discharge(DCGD) was used for our new system but radio frequency glow
discharge(RFGD) was also investigated. DCCD and RFGD show similar detection
limit as well as excitation temperature but cathode materials for two
techniques are quite different due to their different plasma forming mecanism.
DCGD uses conducting material such as stainless steel tubes and RFGD uses
non-conducting materials such as a quarts tube. Both cases are tested for
different samples. We developed two type of RFGD systems that were capacity
type RFGD and induction type RFGD, so called low pressure-ICP(LP-ICP). Both
techniques were examined and their analytical performances shoned similar
results except excitation temperature and sample introduction. However, we
prefer DCGD because of quite simple to make plasma and easy to use as well as
high excitation temperature( 7,000 K).



To make portable GD-AES, we try to use line Filters as a wavelength selector
and PMT as a light detector. But the line filter is still not enough for
emission spectroscopy so as to select emission line of each element. We try to
use a 30 cn focal length monochromator with a PMT or a CCD(charge coupled
device) as a detector. A CCD detector is a bit expensive but its high
sensitivity and many wavelength detection are considered as merits. Comercial
version will use a 30 cm f.1. monochromator and PMT. Program for operation is
designed with Dephi 3.0 and also analytical program, so called Hanbit GDS-P1,
is developed. All the prograns are designed to use under Window 98
environment. In addition, a database software is developed with LabDB. The
database program is inserted into a main program to get easy comparison of
analytical data as well as information. We introduced an artificial neural
network iIn order to improve the precision and accuracy when atomic emission
spectrometer is used. The results showed better precision as well as accuracy
for the ICP-AES and the technique may apply to GD-AES. These techniques are
published and get modified for better modeling.

Our goal is in-intu monitoring of trace elements contained iIn agricultural
products such as rice powder, vegetable, and fruit. It means that this
technique can be used for fast inspection of imported agricultural products
and even domestic products. Our CGD-AES 1is still needed to approve its
analytical procedure and method. But its analytical performance is similar
with ICP-AES yet, which means the performance being good for trace analysis of
agricultural products. Several elements of standard rice sample purchased
from KRISS were examined for analysis with CGD-AES and the results were
compared with ICP-AES and mass spectrometric data. We found that the results
showved somewhat close the given values of the standard rice sample. However,
some elements were not quite close the given values since sample preparation
and storage were not quite good to reserve the spiked elements. Trace amount
of mercury found in imported kiwi fruits when we used CGD-AES with direct
sample insertion. But it is hard to get same value from ICP-AES due to sample
preparation as well as small amount of mercury in the kiwi fruit. For
Justification, we need t® develop standard analytical method with
DI-GD-AES(direct insertion glow discharge-atonic emission spectrometry). Our
system is still modified for better detection limit and more element detection
ability. Currently, mercury, lead and cadnium were major elements to be
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tested. These elements may be useful to analyze with GD-AES and the
calibration curve shows good linearity and dynamic range.

New glow discharge-atomic emission spectrometry is a step ahead for In-situ
analysis of trace analysis of agricultural products, which can not be done
with ICP-AES. This work shows new analytical instrurent as well as new
technique but we need to be careful to verify the analytical instrument,
see-through hollow cathode GD-AES. Even though its analytical techniques are
similar as ICP-AES, the new system should be included in standard methode of
Tood analysis before we need to use GD-AES. The more effort should be done on
development of better instrument as a comrercial model and we will see the
GD-AES for agricultural product analysis in a market near future.
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3-1
Wavelength(nm) Excitation State ga Excitation Temp.
Energy(cr-1)

357.01 35379 18 7110.26709  + 444 .9222
360.668 49434 65 6939.96516 + 329.56357
360.886 35856 10 6829.62513  + 432.54408
362.146 49604 50 6826.13713  + 454.50016
364.039 49461 45 69218567 + 419.44062
368.746 34040 2.5 7455.07138 + 418.38528
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378.788 34547 1.7 7307.37705 = 341.5597
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2-1. DI-DC-HCGD

NIST  Table of spectral -line intensities, part 1*
- 200 300nm
(C 98%)

St-HCGD-AES ‘Table
spectral-line intensities, part 1, arranged by elements’
spectral line

- 0 - 43692 cm-1

15000 line
31827 cm-1 - 59516 cm-1 3600
- spectral line
10650 cm-1- 35287 cm-1 34000
405.78nm ’
0 - 39412 cm-1 15000 253.65nm
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SEM(Scanning Electrode Microscope)

window 1 cm

RSD 5%
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3-1. St-HCGD-AES

2-2_. ETV-DC-HCGD

ETV(Electrothermal vaporization)
, 4 cm
ETV  GD Cell Vaporizing
1/8 .

Hollow Cathode Glow Discharge(HCGD) cell

3-3 ETV , 3-4 Hollow Cathode Glow
Discharge cell -

Normal Glow discharge, Abnormal Glow discharge

Abnormal Glow discharge Glow Discharge
Current 50 -70 mA KOREA
SWITCHING CO. DC Power Supply(Max 2 , 0.2 A) . ETV
( Ta, 0.025 mm) holder

KOREA SWITCHING CO.  DC Power Supply(Max 30 V, 50 A)
Drying 1-3 A
GD-cell Vaporizing

20 - 50 A -



GD-cell 99.99%

2 torr 5 torr

(WOO-SUNG VACUUM CO.,LTD V-180 OIL ROTARY

VACUUM PUMP) , Flow Rate Key Instruments

Flow Gauge Flow

Needle
Valve Flow Rate 15 - 30 cc/min
- , GD-cell
Granville-phillips Vacuum Gauge -

Monochromator  ORIEL INSTRUMENTS Inc(125 mm, 1200 I/mm grating)

Detector PDA(PhotoDiode Array)

NIST Standard Reference Materials(Serum

Materials 909b, Toxic Substances in Urine (Powder Form) 2670)

% = = | El
— 1 Flow-out

o] =i

Highcurrent

Flectralbermal Vaporzaiion

3-3 Electrothermal Vaporization(ETV)
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Window
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3-1. DC-HCGD(Direct Current-Hollow Cathode Glow Discharge)
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50mA (), 40 mA

( ), 60mA  C ) .
1 )
1
2
PMT
10 , 10 -
grounding shielding -

1) Emission line Detection System

Software: INSTARSPEC.
(Kinetics Mode, exposure time(sec) 0.8, stores cycle time(sec) 30)

Monochrometor

-Model 207 High Performance Monochromator-Spectrometor
(McPHERSONTV)

-125mm spectgrograph

(ORIEL, MODEL 77400, entrance slit 25um, 1200groove grating)

-filter

(JANOS Technology inc.)

Detector:
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—-PDA

(Photo Diode Array. Oriel Co.)
-PMT

(Hamamatsu H957-08 No. VP0337)

2) Glow Discharge System

Flow gas : Ultra high purity Ar gas
Power supply :
KSC (model No. PVO50CCUMD SAR s/n2028 1A, 2KV D.C)
Vacuum Pump
- Rotary vane Vacuum Pump(N.V_.ELNOR MOTORS))
Flow Meter

(Dwyer CAT. No. RMA-151-SSV 50cc/min)

3) ETV (Electrothermal Vaporization)

ETV-Power Supply
KSC(Max: 30V 50A)
Tantalum Foil

Goodfellow LS15239 JV (Thickness: 0.025mm, Purity: 99.9%)

- ORIEL 125mm spectgrograph, MODEL 77400,
entrance slit 25um, 1200groove grating ,
ORIEL PDA(Photo Diode Array. Oriel Co.) -
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McPHERSON Model 207 High Performance
Monochromator-Spectrometor , PMT (Hamamatsu
H957-08 No. VP0337) ,

- , ETV(electrothermal

vaporization)
70mA
1.6 ,
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1 , 70mA
, 3-2, 3-3, 3-6, 3-7
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(PVT) ( 3-9).
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McPHERSON
435.8nm
. PDA(Photo Diode Array)
PDA
] PDA (
3-11), s
McPHERSON , , 435.8nm
McPHERSON -

Intensity
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340 380 38D 400 420 440 460 480 500 620
Wavelengthinm)

3-11 ETV 10ppm
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3-2. RF-HCGD (Radio Frequency-Hollow Cathod Glow Discharge)

RF , RFGD-AES

RFGD-AES

Detector: PDA(PhotoDiode Array, Oriel Co.)

Rotary Vane Pump(Woosung Vacuum Co.)

RF-Power Generator(300 Watt, Young Sin Engineering)
ETV-Power Supply(Korea Switching, KSC)

Electrodes(Cu Plate)-10 x 30 mm

Quartz Tube(l.D.: 4.0mm, O.D.:6.0mm)

Flow gas(Ar, He): Ultra High Purity(99.99%)
Aluminum(Al) foil

Computer(Pentium, Goldstar Co.)

TC Vacuum Gauge(Varian Co.)

Hg(Mercury) Atomic Absorption Standard Solution 1010ppm
(Aldrich Chemical Co.)

Cd(Cadmium) Atomic Absorption Standard Solution 1005ppm
(Aldrich Chemical Co.)
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Pb(Lead) Atomic Absorption Standard Solution 1010ppm
(Aldrich Chemical Co.)

(As, Cu, Pb, Hg, Cr, Cd 1.0 /g
)
Radio Frequency Ar  He
gas , Flow rate 20~40cc/min( 5cc/min) ,
RF-Power  20~100Watt( 10Watt)
» RSD(%) - Radio Frequency
Adrich Pb, Cd,
Hg 100mL
+ 0.05 - (Sample Introduction
System) ETV(ElectroThermal Vaporization) System ,
ETV-RFGD Cell Local Pressure 2.78~3.10torr , ETV
Tantalum foil syringe
20 40A
Ashing- drying - vaporization atomization( )]
ETV -

Radio Frequency

RFGD-AES Cell .
(e

RSD(%) ] 30
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0.01g

ETV cell Alumium(Al) foil He gas Ar gas flow
local pressure ETV power -
PDA(PhotoDiode Array)
3-4
Flow
He Ar
gas
Flow rate 30cc/ min 30cc/min
RF-Power 100Watt 90~100Watt
Local Pressure 1.0~-2.0 torr
RED(% ) Values far Ar Emission Lines I
30 7
34 4
13 =
i ]
.8
z 8 W 202 e in
3 4 = —® — Z o oM in
23 — 30 edmin
. 30 - —w—3haaimn
e 18+ 10 o odm an
10 — — —
c 1 4
% s
- ad s
i E - '-’-'-h"""-\-\. -\--\Hi'-\-\.
043 SRS A N el
i ¥ g i g P L e
i — ¥ J
ke ¥ T T b 1 ¥ T T T ¥ T T 1 ¥
o o T30 a0 50 B0 o 8o an oo i
EF-Power (W att)
3-12 RF-GD Ar RSD

Ar plasma stability-Flow rate(30 cc/min)
RF-Power(90 100 Watt)

Local Pressure(1.0 2.0 torr)
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RED®e) Values for He Emisnion Lines I
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3-13 RF-GD He
He plasma stability-Flow rate(30 cc/min)
RF-Power (100 Watt)

Local Pressure(1.0 2.0 torr)

a

Intensity

Rel. Emission
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3-15 Radio frequency Ar He
Pb,Cd,Hg

Eel Emission Intensity

Flows rade=f30 ce'man. S
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Peatactar PDAPAotol ode Aray, Duiel o)
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412 18nm He |
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34000
22000
a00o0
28000
2EDOO
24000
Fz000
20000
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1E00D
14000
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- anoo

- 000
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0

A Py o ratel 30 cofmin, He)

. RF Power 70 Watt)

Lozal Prassure(2 TH-3.108em)

Detector PDA(FoiaDinds Aoy, Oriel Co.)

3-17 He Pb

Rel Emission Intensity

B&1  B47 B43 B4t BE5  B9B BT
Wavelength (nrm)

3-18 Ar Cd




Lesal Precsume2 783 10 ta)
Dotactsr . PRATPhoteDdods Adey, Delil Ta )

3-19 He Cd

Rel Emissicn Intensity
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Wavelength (nm)

3-20 Ar Hg
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Rel Emissicn Intensity

3-21 He Hg

3-22 ETV-RF-GD System




3-23 ETV-RFGD System
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||M Jas
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’ 0l I
s C? posto ground
T
3-24 (Radio Frequency D)
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RSD(%) He Discharge Ar Discharge 1%
, 30 Time

ETV-RFGD-AES cell (Pb, Cd, Hg)
ETV-RFGD-AES cell

- Tantalum foil

Alumium foil
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1
1-1.
(PPM) .
(regression analysis) ,
(Method of least squares)
- (regression analysis)
(explanatory variable)
(independent variable) ,
(response variable) - (regression analysis)
(simple linear regression model) -
X Xi Y
Yi Y
X .

- 72 -



Yi=B (B iXit+e 1 i=1,...n

Yi i
Xi i
BC (x=0 y )
B i (x y )
e i i N(0,0 2)
x.y) , Xi
Yi , (method of least squares)
y= mx+ b ( 4-1)
_ N2Xyi- (2x)(2y) _ _x_y_-_;_y_ _
- N7~ (3x)2  siN- 1)/N ¢ 4-2
V inz' Nx? \/ Xi2 (in) — in
(= N7 “V2n 1 WN-1 - Y° N0
b= y- mx ( 4-23)
m b
sense y
yi y
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Sy
R E— 4 -4
Sm S,V 2N- 1 ( )

Su= S| 2 ( 4-5

\/ >y b%_yi- m > Xy,

Sy=

X = ppm Znzt+ 0.5 1.0 1.50 2.00 250

y = absorbance | 0.130 0.200 0.350 0.430 0.490

>X; = 5x >y, = 5y = 1.600%x?

13.750 >ly2 = 0.64443x,y; = 5xy = 2.875

™M
EY
|

5(2.875) - (7.50)(1.600)

m = %0). = 0.190
5(13.750) - (7.50)
b = 2% - (1100) "% = 0,030

y= 0.190x + 0.0350
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1-2.

A/D Amplifier

A/D

Amplification Analogue

Intensity( D)

sp [rzeu | 2on | == |

upmall == l HeM
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4-1 L 1. [ 1. [ 1.L 1. L
1. L 1 - L 1
A/D Amplification  Computer RS-232C COM port
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Cuslity Anldysis
: s Wavelength
Sample Infreduction pecim Deatribuition l;]ualll'rlyli'umlwis
J » >
i\_ = Cualily P  Componeni ———»
_ s ——» Conirol  — alymig
Glowy Discharge p — » [
Atomic Emiszsioon E —p{ Meamal p  Heural
Speciroscopy C:j — | Melwrk | gl Holwork
E— L g
il
4-18 Prototype

@

QCNN(Quality Control Neural Network)
CANN(Component Analysis Neural Network) ANN(CArtificial
Neural Network) HNN(Hybrid Neural Network) -

channel inpul layer hidden Iayer oulput layer

ality Coefficient
vy Cuality :

B Hy—

) A——— 2
100 — 10—
10— 11y .'
11;1_119—4!-

4-19 Quality Control Neural Network
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channel inpan laver

hidden layer  ouiput laver

4-20 Component Analysis Neural Network

€))
- QCNN
Accept
CANN
)

DB

ANN

- QCNN
CANN
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1)

ETV-GD(Electro Thermal
Vaporization - Glow Discharge)
Cd, Fe, Cu, P

- ETV

A/D Amplifier
Digital PC -

4-1 Quality Coefficient

0.0
0.1 < +0.5 nm
0.2 < -0.5 nm CANN
0.3 < +1 nm
04 < -1 nm
0.5
0.6
0.7 CANN

0.8 ( )
0.9
1.0
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0.4

CANN

10,

4-2 Learning Data of QCNN

4-2

CAN

14

0.5
QCNN

14 10 1 (
11 (

: nm * 0.01)

2.553262 |2.553

2.554

2.544

2.562

2.543

2.542

2.541

2.54

2.539

2.538

2.713508 |2.714

2.713

2.705

2.723

2.724

2.704

2.725

2.703

2.726

2.702

2.82552 |2.826

2.825

2.82

2.832

2.819

2.833

2.818

2.834

2.817

2.835

2.90247 |2.902

2.901

2.895

2911

2.894

2912

2.893

2.913

2.892

2914

2.96689 |2.967

2.969

2.965

2.973

2.964

2974

2.963

2.975

2.962

2.976

3.28272 |3.282

3.283

3.276

3.287

3.275

3.288

3.274

3.289

3.273

3.29

3.374952 |3.374

3.373

3.366

3.38

3.365

3.381

3.364

3.382

3.363

3.383

3.46586 |3.465

3.464

3.459

3.469

3.458

3.47

3.457

3.471

3.456

3472

3.536556 |3.537

3.538

3.53

3.544

3.529

3.545

3.528

3.546

3.527

3.547

3.57869 |3.578

3.577

3.573

3.583

3.572

3.584

3.571

3.585

3.57

3.586

3.671491 |3.671

3.672

3.667

3.674

3.666

3.675

3.665

3.676

3.664

3.677

3.75717 |3.757

3.756

3.753

3.759

3.752

3.76

3.751

3.761

3.75

3.762

3.8048 |3.805

3.806

3.801

3.809

3.80

3.81

3.799

3.811

3.798

3.812

3.91584 |3.915

3.915

3.91

3.921

3.909

3.92

3.908

3.919

3.907

3.918

0.0 0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

4-3

QCNN
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14

14

4-3 Result that QCNN Excute

3
( : nm * 0.01)
2.553262 2.544 2541
2.713508 2.705 2.725
2.82552 2.82 2.818
2.90247 2.895 2.893
2.96689 2.965 2.963
3.28272 3.276 3.274
3.374952 3.366 3.364
3.46586 3.459 3.457
3.536556 3.53 3.528
3.57869 3.573 3.571
3.671491 3.667 3.665
3.75717 3.753 3.751
3.8048 3.801 3.799
3.91584 391 3.908
0.0 0.3 0.7
CANN Table 4-4 )
15, 4 Cd, Fe, Cu, P

14 -
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4-4 Learning Data of CANN
14 15 4 ( )
14 ( )
( nm * 0.01)
2.82552 | 2.553262 | 2.713508 | 3.57869 | 2.553262 | 2.713508 | 2.82552 | 2.553262 | 2.553262 | 2.713508 | 2.553262 | 2.553262 | 2.553262 | 2.553262
2.90247 | 3.671491 | 3.28272 3.8048 2.82552 | 2.82552 | 290247 | 2.713508 | 357869 | 3.28272 | 2.713508 | 2.82552 | 2.713508 | 2.713508
2.96689 0.01 3.374952 | 3.91584 | 290247 | 2.90247 | 2.96689 | 3.28272 | 3.67149 | 3.374952 | 2.82552 2.90247 3.28272 2.82552
3.46586 0.01 0.01 0.01 296689 | 2.96689 | 3.46586 | 3.374952 | 3.8048 3.57869 | 2.90247 2.96689 | 3.374952 | 2.90247
3.53655 0.01 0.01 0.01 346586 | 3.28272 | 3.53655 | 3.671491 | 3.91584 3.8048 2.96689 3.46586 3.57869 2.96689
3.75717 0.01 0.01 0.01 3.536556 | 3.374952 | 3.57869 0.01 0.01 3.91584 | 3.28272 | 3.536556 | 3.671491 | 3.28272
0.01 0.01 0.01 0.01 3.671491 | 3.46586 | 3.75717 0.01 0.01 0.01 3.374952 | 3.671491 3.8048 3.374952
0.01 0.01 0.01 0.01 3.75717 | 3.536556 | 3.8048 0.01 0.01 0.01 3.46586 3.8048 3.91584 3.46586
0.01 0.01 0.01 0.01 0.01 3.75717 | 3.91584 0.01 0.01 0.01 3.536556 | 3.91584 0.01 3.536556
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 3.671491 0.01 0.01 3.57869
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 3.75717 0.01 0.01 3.671491
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 3.75717
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 3.8048
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 3.91584
00001 00010 00011 00100 00101 00110 00111 01000 01001 01010 01011 01100 01101 01110
Fe P Cu Cr P, Fe Cu, Fe Cr, Fe F, Cu Cr,Fe,P | FeCr,Cu | PCuFe P,Fe,Cr F,Cu,Cr | PJFe,Cu,Cr
QCNN CANN
Table 4-5
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4-5 Result that CANN Excute

4 ( )
2.553 2.544 2.544 2.544
2.714 2.705 2.705 3.667
2.826 2.82 3.276 0.001
2.902 2.895 3.366 0.001
2.967 2.965 3.667 0.001
3.282 3.276 0.001 0.001
3.374 3.366 0.001 0.001
3.465 3.459 0.001 0.001
3.537 3.53 0.001 0.001
3.578 3.667 0.001 0.001
3.671 3.753 0.001 0.001
3.757 0.001 0.001 0.001
3.805 0.001 0.001 0.001
3.915 0.001 0.001 0.001
P, Cu, Fe, Cr P, Cu, Fe P, Cu P
2)
Cd Perkin Elmer
Optima 3000 DV ICP HNN Cd
- Na, K, Ca, Fe 4
0.1 mg/L, 1 mg/L, 10 mg/L ,

Cd
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35 -

2-2. 1CP-AES HCGD

) ICP-AES

ICP-AES
Model : Optima 3000 DV, Perkin-Elmer, U.S_A
Frequency : 40 MHz, free-running
Power : 1000, 1300 W
Plasma gas flows : 15 L/min
Auxiliary gas flows - 0.5 L/min
Nebulizer gas flows : 0.8 L/min
Sample uptake rate : 1 mL/min
Microwave Sample Digestion System

Model : Anton Paar GmbH, Austria

Standard Solution : Aldrich co. AAS

Reagent : Electronic Grade

CRM 0705-001
CRM 0705-002
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