Be
Beryllium Be 4 9.012
g/mol 1.848 g/cm® 1.847 melting point 1287
boiling point 2500 **

2 2A , Be

7 8 10 12
,Be ,Be ,Be

156 beryllate ion H;

1,35

corrosion - resistant

1,3,7

1-3,6,7

a - particle

1,6,8



2-3.5ppm

uglg % 5 10" g/mL " 1.2-2.1
ppm ug/g * 2.5ppm pglg '
2,13
2-5,8,14
berylliosis
15,16 USA EPA
Group B2 Y
colloidal

beryllium phosphate and hydroxide complex



80 1

2,8,16
1.
maximum admissible concentration 4 ug/L 18
The Czech Republic
0.2 pg/L ***°
2. Occupational
Safety and Health Association, OSHA *®*72! 14
8
2.0 pg/m’ in a duration
time of 30 minutes 25.0 pg/m® %

National Institute of Occupational Safety and
Health, NIOSH 5.0 ug/m?
23 The American Conference of
Government Industrial Hygienists, ACGIH
threshold limit value, TLV 2.0 pg/m*® *°
3. EPA
risk level ** 84 nglg

4.



Oasis cartridge

graphite-furnace atomic absorption spectrophotometry, GFAAS



[25] [26]

GFAAS 0%
inductively coupled plasma atomic
emission spectrometry, ICP-AES 12037
ICP-Ms 2%
gas chromatography with
mass spectrometry, GC-MS ¥

ion chromatography 1

spectrophotometry 14

ICP-MS  GFAAS
ICP-MS

GFAAS



GFAAS

GFAAS

Ho/L

GFAAS
gpectra interference

chemicd interference

Zeeman
1. hollow cathode lamp , H.C.L.
H.C.L.
tungsten

torr argon neon

(39]

ppb  ng/g



10 mA 300 volts

Ne" € Ne Ne
Sputtering
[35,36]
Ancde Hollow
\ cathode
LR _: }\
% [ =\
Toew |} Quariz
/ / ar
P
Ne or Ar ke
it!:sd at 1-5 torr window
2-1 35
2. Zeeman Zeeman background correction
0.1-1teda
0.01 nm
Zeeman Zeeman effect
singlet transitions p

7



2-2 Zeeman effect
H.C.L.
35,36
Hollow Rotating Graphite
cathoda lemp polarizer furnace
g
A
/
/
Emission
profiie

Zeeman
absorption profile

2-2 Zeeman

matrix modifier

NaCl

rotating polarizer

Protomultiplier

Alomic
absorption

Monochromator Eleclromics

55
¥ ;'l
/
/
/
Ll L
£
Background Background pilus
only atormic absorpian

36

1400



NH,OAc NaCl NaOAc

NH,CI 350 — 380
4. suitable temperature program
background
(1) drying
Drying
2 ashing

Ashing



3 atomization

Atomization
ionization
memory effect carier gas
flow is stopped
carrier gas
Ssec
4) cleaning
Cleaning

GFAAS

10



solid phase extraction

1.

300 — 3x10° MHz
2450 MHz
rotation ionic conduction

[37-42]

[37,40-42]

1

SPE

dipole



OassHLB Water Co.

N-vinyl pyrrolidine divinylbenzene
11 copolymer
reversed phase mode 2-3 4
OassHLB Be(acac),
Oasiscartridge  Oasis cartridge Be(acac),
cartridge
21 ™

2-3 Qasis HLB [43]



21 44

Water

M ethanol

| so-propy! Alcohol
Acetonitrile
Acetone

Ethyl Acetate

Ethyl Ether
Tetrahydrofuran (THF)
Dichloromethane
Chloromethane
Toluene

| so-octane

Hexane

Strongest

Weakest

acetylacetone acac Be (1)
1952  Adam ¢ 4. acetylacetone™
a0.47 Be(ll) acetylacetone
“ Bel, ” Be(acac), over-al
formation constant 10™%° ¥° 2-4
45
[48] [49] [26]
acetylacetone

acetylacetone

13



LS CH
cC=o0 o—c¢c~
cC —0 0= g
N\
CH, CH,
2-4 acac [45]
Be a=x Be(acac), [5051]
1. acac a deprotonated form b enol form

2-5
2. Thedeprotonated acac ~ Be™ enol form  Be(OH),
beryllium acetylacetonate chelate Be(acac), 2-4

H H
| | (8) :

|
HC —C=C—C— CH—#HL =C=C—C — »
a 3 d CHy 4 4 _"|-|3(';_(_‘,=c,.....(;_(_;}.|3
1 1 e |

0 m 0 0 0 .(I)_ .g.
I s
H
(‘/ \ ( enol form )
H H
I [
HC —C=C=C= CH, HC —C—C=C— CH
I I I l
o 0 0 o
S o
( deprofonated acac )
2-5 acac a deprotonated form b enol form

14



graphite-furnace atomic absorption
spectrophotometry GFAAS
Hitachi Z-2700 polarized
Zeeman background corrector
beryllium hollow cathode lamp
Hitachi Co. Japan 10 mA
234.9 nm slit width 1.3 nm
30
graphite tube-cuvette
uncoated graphite tube-cuvette Hitachi, part
No.750-8885
argon
99.99%

carrier gas cooling gas

microwave accelerated reaction system
CEM MARS-5
sensor ramping time

holding time

15



HP-500 Teflon-PFA 120

mL 1200 W
300W  600W 14
6.
CEM 7 mL <0.1g
920271
7. adjustable digital micropipet
a John Poulten Ltd. England
R880/A 5.0 50.0 pL
b eppendorf Germany
2.00 20.00 pL
C Mettler-Toledo GmbH Germany
20 200 pL 100 1000 pL
d Gilson France
1.00 5.00mL
8. disposable pipet tip
polypropylene
9. vortex mixer
Thermolyne Corporation lowa U.S.A. 37600
10.
Hamilton HVP-3 valve
11. volumetric flask

Iwaki Glass Co. Japan 10.0 25.0 50.0 100

16



12.

13.

14.

15.

16.

17.

18.

500 mL

graduated pipet
Iwaki Glass Co. Japan 1.00 2.00 5.00 10.0
mL pyrex

microsyringe
Hamilton 25, 50, 100 500 puL
GFAAS

100 mL 130 mL
Mettler Switzerland AJ 100
0.0001 g
Gast DOA-P104-AA
C.g particle
Water particle size 55-105 pm

C.g cartridge

pyrex

Oasis cartridge

Water

particle size

Oasis HLB particle

divinylbenzene

54.4 um

copolymer

17

100 mg

PP

TOP

N-vinyl pyrrolidine

1

1



cartridge 2 mL cartridge

20 mL
19. brown bottle
10 20 50 100 mL Pyrex lwaki Glass
Co. Japan
1.

Barnstead NANOpure system
Barnstead D0812
Barnstead D0809 0.2 um

18.0 megaohm-cm

2. HNO; double distilled nitric acid in
quartz
Seastar Co. Canada 69-71% (w/w)
0.005 (pg/L) ppb
ppt
3. HNO; GR
Merck GR 65% (w/w)
1 1 8 M
4. stock standard solution

Be40(C2H302)6 2% HN03 Merck ICP

18



standard 1000 mg/L of Be?
acetylacetone 2,4-pentanedione
CH3;COCH,COCH; Merck GR
99.5%
CH;COOH glacial acetic acid
Aldrich 99.99% 17.5M
CH;COONH,; ammonium acetate
Merck GR
CH;OH methanol
Merck GR 99.8%
H,O, hydrogen peroxide
Merck 35% (w/w)
K,Cr,0O; potassium dichromate
Merck GR 99.8%
H,SO, sulfuric acid
Merck GR 99.8% (w/w)
NH3.q ammonium hydroxide
ARCH Co. Norwalk U.S.A. semiconductor grade
Certified Reference Material GBW
08508
Certified Reference Material SRM

1568a

19



cleaning solution

5 KxCr,0; Merck GR 10 mL
Merck GR 200 mL
Merck GR 11 8 M HNO;
3 blank ppb
ppm

1

2

3

4 8 M HNO; 12 h

5

6

1 10.0mg-Be/L Be*
100 yL 1000 mg/L ~ Be* 10.0 mL
10.0mg-BelL  Be**



4

2 100 pg-Be/L  Be**

100 yL 10.0 mg/L  Be*” 10.0 mL
100 pg-Be/L 4
3
18.23 g CH;COONH, 770 pL
50 mL 50M pH 6.0
4
4
1.46 g CH;COONH, 62 pL
10.0 mL 20M pH 6.0
4
5
31 mL 500 mL 1.0 M
NH;(aq) pH

(GBW 08508)
SRM 1568a

21



50

40 mesh 450 pm
dry weight
24
magnesium perchlorate, Merck GR silica gel
0.010g
GBW 08508 7mL
3-1 microsyringe
0.20 ng Be* 100 pg-Be/L Be**




CRM Be

0.010¢ 7-mL
0-0.40ng
500 pL
1
NO, P/N
301610 20 in-lb 7-mL 3-2
120 mL 10 mL

75 pL 7-mL

23



3-2

7-mL
200 mL
NH3 ()
pH 5.0-6.0 7.5 mmol
pH=6.0 50 L acac
1h acac
[Be(acac),] Oasis cartridge
100 mg Oasis particle, Waters Co.
[Be(acac),] 1.00 mL 2.00 mL
0.1 mL
microsyringe 20 uL 31

absorbance

24



2mL

100 mg Oasis particle, Waters Co.

25

3-1 Be*
Step Start Temp. End Temp. Duration Time Flow Rate of Argon
() () (sec) (mL/min)
Drying 55 70 40 200
Drying 70 120 20 200
Ashing 650 650 30 200
Atomization 2600 2600 2 10
Cleaning 2700 2700 4 200
4.
0 - 12 pL 100 pg/L Be**
2.0mL 700 pL
20M pH=6.0 50 UL acac
1.00 mL 1 20 uL
GFAAS 3-1 Be*"
y X
5. Oasis cartridge
Condition Load Rinse
Elute
1 Condition

cartridge
Oasis cartridge

20 mL



Oasis cartridge
Be(acac),
condition Oasis cartridge
cartridge
20 mL

Oasis cartridge

2 Load
NH,OAc buffer  acac
Oasis cartridges Be(acac), cartridge
Oasis cartridge

Oasis cartridge 3-3

Cartridge #1

Cartridge #2

26



‘. rubber stopper

A

side arm flask

3-3
3 Rinse
cartridge
Be(acac),
4 Elute
cartridge
Be(acac), Oasis cartridge Oasis
cartridge 1mL 1.00 mL

3-2

27



GFAAS
Light Source

Lamp Current
Wavelength

Slit Width

Carrier Gas

Interrupted Gas at Atomization
Sample Volume Introduced
Tube Type
Signal Mode

Background Correction

Hitachi Company Z-2700
Hitachi Be Hollow Cathode Lamp
10.0 mA
234.9 nm
1.3 nm
200 mL Ar/min
10 mL/min
20 pL
Uncoated Tube Cuvette
Peak Height

Zeeman Mode

28
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GBW 08508
0.24 ng Be
0.40 ng
Be*
GFAAS
1.
(1) HNO;
H,O, 75 pL
600 L 4-1 HNO;
500 L

GBW 08508
10 mg

10 mg

4L 100 (ug/L)

HNO; 300

500 L

NO,



7 mL pH
@20 mL
(@)
; HNO; 500 pL
0
5 0. g4
)]
a r/‘/\o
<

L YHNO

0. 02 :
300 400 500 6 00
Amount 30l
4-1  HNO;
(2) H,0,
HNO, 500 L H0, S0
75 10/ 4-2 H,O, /5L
H0;
75 PL H20,
H.0, 75 UL



Absor bampce

100
A mo u n tO,(outf

g Q
omn
\l
01

4-2 H,0,

3
HNO,; 500 pL H,0, 75uL
ramping time —7 min 30 sec
holding time —7 min temperature— 80 85 0

85 4-3

80

31



0. 02
; /\»
(7)] <
o) -
< 0. 03
0.02 '
80 85 90
Digestion Teimpenature (
4-3
85 holding
time 5 10min 4-4 5 7min
7 10min
holding time 7 min

Absorbance

Hol ding T} me( mi n)

4-4

32



(4)
HNO;, 1 H,0,
1 HNO;, 1

H,O, 1

10 %

2.
Oass C;3 WaersCo. particles
cartridge 100mg particle
1.00 mL Cis
cartridge Cys particles
Oasiscartridge
10
Oas's

Qasiscartridge  Be(acac),

0.50 mL 1.00 mL



0.50 mL cartridge Be(acac),

1.00 mL 2
1.00 mL
Oasis cartridge 80  160mg Oasis
particles 4-5 80 mg
Be(acac), 120 160
mg 1.00 mL cartridge Be(acac),
QOasis cartridge
100 mg
Q
= 0. Q%
0
; ‘/’\0\‘_\"
» 0. Q3
0
<
0. 02 | ! |
8 0 100 120 140 160
Amount of Oasi s (
4-5 Oasisparticle
3.



(1)

100
NH,CI, 350 — 380
55-70  40sc  70-120
(2)
NI

600 650 700 800 900

30 sec 2600 2 sec 46
650650
10 60 sec 4-7

650650 30sec

Be(acac),

20 sec

20 3 Gec



5 /\\
o 4
o 0. 03
<
0. 02 '
600 700 800 900
Ashing Te)mp.
4-6
o
[
c O. 4
0
; }/’—'\.\.\)
0 <
o 0. 03
<
0. 02 : ' ' '
10 20 30 4 0 50 6 0
Ashing TiI|
4-7
3
2EC
2100 2700 10
mL/min 4-8 2100 2700

me

(s ec



2800

2600
5sec

o 4-9 2C
(&)
c
© 4
o]
o >
(@]
7p]
o B
< a3

<

. 2 | | | | |

210022002300240025002600274¢

At omi zati @

o 4-8
(@]
C
® . 04
o]
(@) ¢ ¢
(7]
> a3
<

. 02 ' '

2 3 4 5

At omi zati on

4-9
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(1) acac
1.0M pH
50-6.0 7.5 mmol pH = 6.0
0—90 pL acac 4-10 acac
50 uL
acac 50 L acac
acac

o acac 50 pL

(@)

C

S 0. Q4

o]

5 0. 03

(7)]

o]

< 0. Q2

0. 1
O | | | |
0 20 40 6 0 80 100
Amount of alcac ( pL)
4-10 aceac

2

pH  50-60



0 — 20 mmoal pH = 6.0

50uL acac 4-11 7.5 mmol
Be aac
Be(acac), 7.5 mmol

o 7.5 mmol
(&}
c
© 0. 04
0
o 0.
0
o 0.
<

0.

0 | | | | | | |

0 2.5 5 7.5 10 12.515 17.520
mmo | OFAcNBuf fler

4-11
3 pH
5.0M pH 5.0-7.0
4-12 pH 50 6.0
“BeT 20
0 Be( OH)75 100 BE& 2-4 (a)
acac Be( OH) 2-4 ( bJacacenol



form pH 6 10 Be( OH)
pH 65 70 Be(OH),
pH=6.0
o
(&}
c
ﬂs Vil
o 0. 04
o
]
o O0. G3
< >
O 2 1 1 1
5 5.5 6 6.5 7
pH
4-12 pH
1.
0 09
ng Be’* in methanol 1.00 mL 550 L
pH = 6.0, 2.5 M in methanol 50 pL acac
Be™ 41 y



556x10%x 5.0x10™ 0.90 ng linear

correlation coefficient 0.9997 4-13(a)
standard addition method
10+0.1 mg GBW 08508
0 00 ng B& HNO
HO BE 4-2

y 5. 818x 134 0
0. 939 9 413 (b) 4-1 4-2 4-3
relative error 3.1%

relative error of 7 calibration graphs = 5.68-5.51/5.51x100 = 3.1

X
02440 . Inlg Be 24+1 ng/ g
4-2

0. 210. 2@ n B& 4-3 1.

ng

a4



Absorbange

O .
0. B 2
= 5.%6 8X110°%31X10
0. 0. 9993
0.
0 . 5°.%5 6+X 150 0|X 1
= 0.9997p
0.
O' 1
0] 0] 2 (0] 4 (0] 6 0] 8 1

4-13 () (b)

&



4-1

Trial # Calibration graph Correlation Linear range of Be**
coefficient (ng)
y Y 556x10° 5.0x10% 0.9997 0.014t0 0.90
o Y 5.51X107x 4.0x10° 0.9999 0.014 t0 0.60
4-2 GBW 08508
Trial Cailbration graph Correlation Amount of Be?* (ng) ®
# coefficient
1 y 5.65x102x 1.30x1072 0.9992 0.23
2 y 5.68x10°x 1.31x107 0.9993 0.23
3 y 5.63x10°x 1.43x107 0.9993 0.25
a 0-040ng 10mg GBW 08508

X



4-3 0. 210. 20 Bréy ( GBW 08508)
Tria # Calibration graph Correlation Linear range of Be**
coefficient (ng)
1 y 5.52x10°x  1.28x107 0.9998 0.0142 to 1.44
2 y 551x10%x 133x107 0.9998 0.014% to 144
aMDL 0.014 ng B 1.4 (ng/g) Be** for a10.0 mg
sample.



2. method detection limit, MDL

MDL 10+ 0.1 mg GBW 08508
Be(acac), 1.00 mL cartridge# 1
20 pL GFAAS 12 (x)
standard deviation, s S
MDL 0.014+0.001
ng 1.4+ 0.1 ng/g 4-4
4-4 MDL
Trid # Sample weight (mg) MDL (ng) MDL (ng/g)
1 10.0 0.013 1.3
2 10.0 0.014 1.4
3 10.0 0.015 1.5
Mean 0.014 +0.001 14+0.1
3.
10+ 0.1 mg
0.20 ng Be** 040ngBe”*  HNO; H,0,
99— 102 %
RSD n=3 6.0 4-5



4-5 Be**

Amount of B (ng)

Added Found

Recovery (%) Mean+S.D.(%)"

%RSD

0.20 0.21 105
0.21 105 102+ 6
0.19 95
0.40 0.39 98
0.39 98 99+1
0.40 100
a 10mg (GBW 08508) 0.24 ng



HNO4 H,O, 10 mg
GB/ CRM8 085 024:0. 01 [ng
2 41 n@/g ] MD L 0.140. 001 ng
14:0. 1ngg)] 1.44nd 14 &hg/d) ]
1 Omg GBW 08508 0.200. 40gB¥
991Q@ % 100+5 % RSD
n 3 6
2.
GBW 08508
NIST SRM 1568a
Qasis cartridge 1.00 mL 20 uL

GFAAS
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Amount of Be () (ng) Absorbance

0 0
0.20 0.0120
0.40 0.0229
0.60 0.0343
0.90 0.0501
Calibration graph y =556x10°x 5.0x10™
Correlation coefficient r=0.9997



Amount of Be () added (ng) Absorbance
Cat. #2 Cat. #1 Sum
0 0.0048 0.0080 0.0128
0.20 0.0045 0.0204 0.0249
0.40 0.0056 0.0299 0.0355

Cdlibration graph
Correlation coefficient

Amount of Be in the sample

y=5.68x10°x 1.31x10?
r = 0.9993

Lety=0 - x=0.23(ng) Be

2
Amount of Be () added (ng) Absorbance
Cat. #2 Cat. #1 Sum
0 0.0035 0.0092 0.0127
0.20 0.0040 0.0208 0.0248
0.40 0.0045 0.0308 0.0353

Cdlibration graph
Corrdation coefficient

Amount of Be in the sample

y =5.65x10°x 1.30x10”
r = 0.9992

Lety=0 - x=0.23 (ng) Be

57



MDL
GBW 08508 =10.0mg
1.00 mL cartridge 1

20 pL GFAAS 12

0.0092 | 0.0092 | 0.0093 | 0.0098 | 0.0098 | 0.0097

0.0093 | 0.0095 | 0.0097 | 0.0093 | 0.0093 | 0.0096

x =0.0095

s =0.00023
MDL = 3¢m = 6.9x10*/ 5.56x10 = 0.013 (ng)

MDL = 0.013 (ng) / 0.0100 (g) = 1.3 (ng/g)

m y 556x10%x 5.0x10™



0. 210. 2 0 Bnéy

Amount of Be () added (ng) Absorbance
Cat. #2 Cat. #1 Sum
0 0.0046 0.0080 0.0126
0.20 0.0034 0.0204 0.0238
0.40 0.0038 0.0331. 0.0349
0.90 0.0039 0.0594 0.0633
1.20 0.0040 0.0745 0.0785

Calibration graph y=5.52x10°x  1.25x10”

Corrdation coefficient r=0.9998
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Dry rice flour (10 mg)

Add conc. HNO; (500 pL)

l_

Microwave Digestion at 85

for 7 min

Add H,0, (75 pL)

l<_

Microwave Digestion at 85

for 7 min

l

pH Adjusted to 5-6 by 1.0 M NH;

l

Add NH,OAc buffer (pH=6, 7.5 mmol) and acac (50 L)

to form Be(acac), chelate

D ———

Pre-concentrating with two
100 mg Oasis cartridges in series

Each cartridge was eluted with methanol

l Inject 20 pL

Be was measured by GFAAS




