1-1 Be

Beryllium Be
+2 2A 4 9.012 g/mole
1.847 g/lcm® 1.847 1287 2500 1
lonic radius ~ 0.031 nm *° °Be 100
1OBe

beryl[Be;(AlSi;0g),] *

1-2

corrosion - resistant

particle

9 1
.Be + ;n® »a

1,4-6

X windows of x-ray diffraction



tube

1-3
2-3.5ppm nglg >’ 5 10" g/mL °
1.2-2.1ppm nglg *°
2,10-11
12
+2 pH
pH Be**
Be(OH),
(berylliosis)
13

4-5,13-15 LD
50



86 mg/kg ***'°

2,17

(US EPA) Group B2 *®

0.1 mg/m®

ca?®"

and hydroxide complex

11,16
2
P

colloidal beryllium phosphate

96 1
2,5,19
2,5,20
tobacco
2,20
1-4
1 0.01 0.7 (mg/L)
0.013 (mg / L) The
Czech Republic 0.2 mg /L
22-23 Occupational
Health and Safety Association, OHSA 2%2° 11.16

2.0



3 in a duration time of 30 minutes

mg / m
25.0 mg / m* th1e:22 NIOSH
0.5mg/ m® %® The
American Conference of Government Industrial
Hygienists, ACGIH Threshold Limit

Value, TLV 2.0mg/ m® %

2

ppm(mg/kg) *°
1-5 graphite furnace atomic absorption

spectrophotometry GFAAS

GFAAS Hg/L

ppb  10°g/g
10-50 pL
drying
ashing
atomization
atomic vapor
cleaning

30



Zeeman

1-6 hollow cathode lamp H.C.L.

1-1

tungsten
1-5 torr neon argon
300 Ne”
sputtering
29

1-7 Zeeman Zeeman background correction

0.1 1tesla



0.01 nm

Zeeman Zeeman effect
singlet transtions
¢] S
S P
Zeeman
p
S
1-2 Zeeman
polarizer
1-3
S P
S
S
30,31
1-8 matrix modifier
GFAAS

rotating



NaCl

1400

NH,NO; NacCl NH;Cl  NaNO; 350-380
1-9 suitable temperature program
1-9-1 drying

Drying
1-9-2 ashing

Ashing
1-9-3 atomization

Atomization



emission baseline carrier

gas flowis stopped
carrier gas
5 sec
1-9-4 cleaning
Cleaning
1-10

solid phase extraction SPE

Cis Cig
silica -Si-OH -OH -CygHsy -Si
C18
cartridge C.g cartridge
cartridge

" liquid-liquid extraction "’



31

32

40 pm
HPLC column

HPLC column stationary phase
HPLC mobile phase
Cis silica
methanol acetonitrile
mobile phase

elution solvent

1-11

acetylacetone (acac)

[Be(acac),]

HPLC column
100-120 A 3*
HPLC

reverse-phase LC
HPLC column
HPLC
Sep-Pak C,g cartridge

Be(ll)



2-1

1. Graphite Furnace Atomic

11,33-37

Absorption Spectrophotometry, GFAAS

10

W.

F.



Schmidt, etal. ** 2g HNO;+HCIO,+HF
50 mL 5-25 mL
5 mL tartaric buffer 50
mL 0.25 M EDTA pH 5.5
50 mL acetylacetone/benzene (1:1)
5 25 mL
2 mL 16% HNO;

90 3 mL
5 mL 20 mL GFAAS
0.0038 mg/g 95-99%
Accelerator Mass Spectrometry, AMS
38 S. John **  0.5-1 g soil 250 mg Be
KHF, Na,SO, soil:KHF,:Na,S0,=1:5:1 3-5
BeF,* 3
BeF,* HCIO, K" F
NH,OH Be(OH), AMS
70-90%

Inductively Coupled

Plasma Atomic Emission Spectrometry, ICP-AES

39-41 S. Tao, etal. ** 0.1-0.3 g rock 6 mL
HCI-HNO;-HF(1:4:1, v/v) 1 mLG
M HCI 50 mL 10 mL 10
mL o-phenanthroline cuvette 110°C

15 mL EtMgBr ICP-AES

1



5.5-625 pg/g R.S.D. (n=8) 5.2%

93-109%
4, lon Chromatography *° S. J.
Nagourney, etal. *® 1.0 g sludge HNO;-H,0,
1.5h IC 89-120%
Fluorimetry **%3

Electrothermal atomic absorption spectrometry,

ET-AAS 7444° Be(ll)
Spectrophotometry *° X. Ge, et al.
43 @ mg 10 mL
4% NaOH congo red test paper
2.5 mL H;BO3;/NaOH pH=12.5
2 mL surfactant [ 0.1 Triton X-100
0.1 sodium dodecyl sulfate(SDS)(1:1)] 2 mL
0.005% morin 25 mL
20 | =520 nm
0.03 ng/L 48 mg/L |. Nukatsuka, et
al. © 50-500 mL (pH=9.5) 6 ng
Be(ll) silica-fibre filter
silica-fibre filter 0.5 mL 0.5 M HCI 15
mg/L silicon desorb ET-AAS
0.15 ng 100-105% H. B. Singh,
etal. *° 05¢g (alloy) 8 mL 1+1 HCI 2-3 mL
30% H,0,



1,4-dihydroxy-9,10-anthracenedione  Triton X-100

| =560 nm
0.23 mg/L 0.8-396 mg/L
2-1 ICP-AES GFAAS
ICP-AES
GFAAS
2-2 Preconcentraction
2-2-1 acetylacetone Be(ll)

3 GFAAS
silica fibres ’ the outer membrane of Escherichia Coil
8 salicyl chelating ion-exchanger *? ET-AAS
acetylacetone
activated carbon GFAAS
glass-fibre filter *° Solid-phase
Spectrophotometry
acetylacetone '*°°
>0 Be( ) acetylacetone "Bel,

” Be(acac). over-all formation constant

13



1013° sp® 207.23

108 270 **
2-1
Be(acac), 1,50,51
l.acac (a) deprotonated form (b) an enol form

2.The deprotonated acac  Be( ) enol form  Be(OH),

[Beryllium acetylacetonate] chelate  [Be(acac),]

14



2-2-2 (solid phase extraction SPE) 3%

(liquid-liquid extraction) (solid phase extraction)

condition load rinse elute 3

2-2-2-1 Condition

Condition
(initial conditioning solvent)
(interferent peak) initial
conditioning solvent eluting solvent
2-2 initial conditioning

15



solvent

(reversed-phase 2-3 )

initial conditioning
solvent
(final conditioning solvent)

final conditioning

solvent condition Waters ™ Sep-Pak
C.s cartridge 5-10(mL/min) >*  Conditioning
solvent 100 mg 1-2 mL
2-2-2-2 Load
Load
acac [Be(acac),]

Cis Sep-Pak Cg
cartridge 360 mg Waters™ Sep-Pak Cig
cartridge load 2-5(mL/min) *

plunger vacuum
2-2-2-3 Rinse
Rinse

rinse

16



2-2-2-4 Elute
Elute
eluting solvent

eluting solvent

C.g cartridge eluting solvent

100 mg 0.5-0.8 mL Waters ™ Sep-Pak Cq
cartridge 2-5(mL/min) **

3-1

1. graphite-furnace atomic

absorption spectrophotometer GFAAS
Hitachi Z-8000 polarized

17



Zeeman background corrector

2. beryllium hollow cathode lamp
Hitachi Co. Japan 10 mA
234.9 nm slit width 1.3 nm gain
85% 30
3. graphite tube-cuvette
uncoated graphite tube-cuvette Hitachi, part
No0.180-7400
4. argon
99.99%
carrier gas cooling
gas
5. fixed-volume pipet
E. Merck 1000 pL
6. adjustable digital micropipet

(a) John Poulten Ltd. England

R880/A 5.0 50.0 L
R880/C 20.0 200 pL
(b) eppendorf Germany 2.00
20.00 pL

(c) Mettler-Toledo GmbH Germany
100 1000 pL

7. disposable pipet tip

18



10.

11.

12.

13.

14.

polypropylene

vortex mixer
Thermolyne Corporation lowa U.S.A.
37600
volumetric flask
Iwaki Glass Co. Japan 10.0 25.0
100 mL pyrex
graduated pipet
Iwaki Glass Co. Japan 1.00 2.00
10.0 mL pyrex
microsyringe
Hamilton 50 100 pL
GFAAS

20 mL 25 mL

Hamilton Co. HVP-3 valve

Mettler Switzerland AJ 100
0.0001 g

15.Sep-Pak Cy5 cartridge

50.0

5.00

TOP

Waters part No. WAT051910 body style

classic short body 360 mg surface pH=7 hold up

19



16.

17.

18.

19.

20.

21.

22.

volume=0.85 mL / filled cartridge percent

carbon=12 pore size =125 A particle size=55-105

pm 5 mL

15 mL
Branson U.S.A. B5210-DTH
HACH 10 mL
Lab-line U.S.A. 0-90 low

60-130 high
Gast DOA-P104-AA
mesh No. 10 2.00 mm
mesh No. 20 0.84 mm
glass filter holder

Millipore U.S.A. 47 mm diameter XX15
047 00
Whatman Japan pore size 0.8 um cellulose
nitrate 7188 004



23.
250 mL pyrex

3-2
1.
deionizer resin Fistreem water purification
England Barnstead NANOpure
system Barnstead
D0812 Barnstead D0809

0.2 um 18.0

megaohm-cm

2. HNO5; double distilled nitric acid in
quartz
Seastar Co. Canada 69-71%
(w/w) 0.02 (mg/L)
ppb  ppt
3. HNO, GR
E. Merck GR 65% (w/w)
11 8 M
4.
E. Merck GR Be(NO3), * 4H,0 0.5
M HNO; 1000 mg-Be/L

5. acetylacetone 2,4-pentanedione

21



10.

11.

12.

13.

14.

3-3

CH3;COCH,COCHj; E. Merck GR

99.5%

HCI hydrochloric acid trace metal grade

Seastar 35-38% (w/w) 0.1

(mg/L)

CH3;COOH glacial acetic acid

Aldrich 99.99%

17.5 M

CH;COONH,; ammonium acetate

E. Merck GR
CH;OH methanol
E. Merck GR

99.8%

K,Cr,O; potassium dichromate

E. Merck GR

99.8%

H,SO, sulfuric acid

E. Merck GR

99.8% (w/w)

NH3.q ammonium hydroxide

semiconductor grade

ARCH Co. Norwalk U.S.A.

CaCl, 2H,O calcium chloride dihydrate

E. Merck GR 99.5% (w/w)
59 Ky,nr0; E. Merck GR 10 mL
E. Merck GR
400 mL



K>Cr,O

GR

cleaning solution

8 M HNO; 3

blank about or below 100 ppb

ppm

4. 8 M HNO;

3-4

3-4-1
1.10.0 mg-Be/L  Be(ll)
1000 mg/L  Be(ll)
mg/L
2.1.00 mg-Be/L  Be(ll)
1.00 mL 10.0 mg/L

12 h

Be(ll) 10.0 mL
1.00 mg-Be/L

23

about

10.0



3. 100 pg-Be/L  Be(ll)

1.00mL 1.00mg/L  Be(ll) 10.0 mL
100 pg-Be/L 4
4.
38.5 g CH;COONH, 750 L
100 mL 50M pH 6.0
4
5.
20mL 50 mL 6.0 M NH;
pH
6. 0.010 M
0.147 g CaCl, 2H,0 100 mL 0.010 M
pH 50 65
Ca(OH), HCI pH
25 2.32+ 0.08
mmho/cm
3-4-2
NIEA
$340.60T *°

0-15cm

24



2.00 mm

50 mL
microsyringe

8.0 ng Be(ll)

3-4-3

3-4-3-1

50 mmol

acetylacetone(acac)

[Be(acac),]

10 mesh

20 mesh 0.84 mm
0.20g
10 mL
100 ng-Be/L
0.20g 50 mL
25.0 mL
pH 6.0 75 mL
2h acac
acac
0.8 um

25



Be(acac), Sep-Pak

C.g cartridge condition C4g cartridge
[Be(acac),] 2.00 mL
microsyringe 20 pL 3-1
absorbance
3-4-3-2
0.20¢g 10 mL
1.0mL
3 1
heating block 70°C 1.5h
NH;(aq) pH 5.0-6.0
40 mmol pH=6.0
0.8 pm

Sep-Pak C 5 cartridge >

50 pL acac 1h acac
[Be(acac),] Sep-Pak C5 cartridge
[Be(acac),] 2.00 mL

microsyringe 20 pL GFAAS

26



3-4-4

3-4-4-1
0.20g 50 mL
0-160 pL 100 pg/L Be(ll)
25.0 mL 10 mL5.0 M
pH=6.0 75 pL acac 2h
acac [Be(acac),] 0.8 um
3-1 [Be(acac),]
Sep-Pak C 4 cartridge condition
C.g cartridge [Be(acac),] 2.00mL
20 uL GFAAS Be(ll) 0.8 um
25.0 mL
3-4-4-2
0.20g
0-160 pL 100 pg/L Be(ll)
1.0mL 3 1
heating block 70°C

1.5h

27



NHs(aq)

pH 5.0-6.0 8.0 ML5.0 M
pH=6.0 0.8 um
Sep-Pak C; cartridge > 50 pL
acac 1h acac [Be(acac),]

Sep-Pak C g cartridge
[Be(acac),] 2.00 mL
20 L GFAAS

3-4-4-3
0.308 ¢ 6.0 pL
1 mL 50 pL acac
0-160 pL 100 pg/L Be(ll)
2.00 mL 1 20 pL

GFAAS 3-2 Be(ll)

3-4-5

1

28



C 100
NIEA S340.60T
> A B C 0-15cm
3~7
10 mesh 2.00 mm 20 mesh
0.84 mm
2
11
3-1 3-2
Be(ll)
0.20¢g
3-4-6 pH
pH NIEA
S410.60T  °'
1) pH
20 g 20 mL 30
1h pH meter
glass membrane electrode
pH pH <7 pH pH



>7
(2) pH
10 g 20 mL 0.010 M CaCl,
30 1h

pH meter glass membrane electrode

pH
pH i pH
0.010 M CaCl, pH 3-3
pH 4.29
5.40 4.43
0.010 M CaCl, pH 6.90
3-4-7
NIEA S280.60T  *°
5-10 g 105+ 1
W4-W,
Wo-W,. Wy
Wy = WW, [/ WrW,
W, + g
W, + 105 g
W, g
3-4



0.010-0.032

3-4-8 C. cartridge >9

Condition Load Rinse Elute

-- Condition
cartridge
5mL Sep-Pak C g cartridge
15mL
C.g cartridge acac
C4g cartridge
C18

cartridge condition

1-2 mL/min
condition
-- Load
cartridge
condition  Sep-Pak Cig
cartridge 25 mL
vacuum suction Cis
cartridge
C,g cartridge

C,g cartridge

31



-- Rinse

cartridge
Be(acac),
-- Elute

cartridge
acac [Be(acac),] C,g cartridge

C,g cartridge 2 mL elute

2.00 mL
3-4-9
3-5
microsyringe 20 pL
3-1 3-2 Blank

net peak height absorbance

0.20¢g 0-40 ng X

3-4-10

height absorbance

2.00 mL

32



50nL acac 4 mmol

100

1. repeatibility
within-run
GFAAS
repeatibility
2. reproducibility

between-run

reproducibility
within-run
GFAAS

between-run



4-1

4-1-1

360 mg Sep-Pak classic Cyg cartridge
Co. 5mL 15mL

cartridge condition acac
[Be(acac),]

C.g cartridge loading

0.5 mL/min C.g cartridge

Waters

Cis

3-2



[Be(acac),]

20 L

4-1-2

60

pH
4-1-2-1
1.

0.20¢

ng Be(l)]

C4g cartridge

2.00 mL

60

5.00 mL 2.00
GFAAS
[Be(ll)]
acac

[

[Be(acac),]
[Be(acac),]
20 pL

600-1000 40 sec 2800

mL

acac

8.0



sec 30 sec 4-1

80-120
80-120 20 40sec
4-2 20sec 35sec
30 sec
2.
80-120 30 sec
2800 5sec 40 sec
600-600 600-2000 4-3
600-1400 600-1400
30 50sec 4-4 30sec 50sec
40 sec
3.
80-120 30 sec
600-1400 40 sec 5sec
2400 2900 4-5 2800
2900 2800
2800 1 5
sec 4 5sec 4-6 5
sec 3-1
4-1-2-2
1.
0.20¢g



8.0 ng Be(ll) [Be(acac),]
C4g cartridge 2.00 mL
20 L
SPE [Be(acac),]
cartridge
[Be(acac),] 2.00 mL
80-120 30 sec
2.
80-120 30 sec
2800 b5sec 40 sec
600-600 600-2000 4-7 600-1400
600-1400
30 50sec 4-8 30 50sec
40 sec
3.
80-120 30 sec
600-1400 40 sec 5sec
2500 2900 4-9 2800
2900
2800 2800
1 5sec 5sec 4-10 5
sec 3-2

37



4-2

4-2-1 pH
25 mL acac /5L pH
pH=5.0-7.0 2.0 M 0.20g
8.0 ng Be(ll) pH 5.0-7.0
4-11
pH 6.0 25.0 mL 75 pL
acac pH=6.0 10 100 mmol
50 mmol
4-12 50 mmol
50 mmol
50 mmol
4-2-2 acac
25.0 mL 50 mmol acac
25 200 pL 75 UL acac
4-13 25 50puL
75 uL acac
75 PL acac
4-2-3
0.5 4 h 2-4



h 4-14 2 h

50
25 50
4-15
50 acac
25
4-2-4
4-2-4-1 25 mL
50 mL
0.20g
8.0 ng Be(ll)
25.0 mL
50 mmol pH=6.0 NH,OAc buffer
75 UL acac
2h 0.8 um
Sep-Pak C g cartridge
[Be(acac),] 2.00 mL
20 pL 3-1
88 % 4-1
25.0 mL

4-2-4-2 25 mL



0.20g 13.6ng Be(ll)

Be(ll) 4-2-4-1 25.0 mL
0.8 um
C,g cartridge [Be(acac),]
2.00 mL 20 pL GFAAS
MDL
25.0 mL
4-2 102+2%(n=3)
4-2-5 Be(ll) MDL
[0-16 ng Be(ll)]
g 13.6 ng Be(ll)]
4-3
y=0.0069x+0.072
y=0.0078x+0.106 4-17 [Be(ll)]

y=0.0075x+0.001

8.0 ng

Sep-Pak

4-16

[0.20

3.8%
y=0.0078x+0.106
29.6 ng 45.6
ng linear correlation coefficient 0.9994
4-18 MDL 0.20 g
2.00 mL 20 pL



12 replicates

Be(ll) Be(ll) MDL
0.73+0.02 ng for a 0.20 g soil sample 3.7 (ng/g)
4-19
X y=0
12.8+0.7 ng 0.064+0.004 (ug/9)
12-2.1 ppm *°
4-2-6
0.20g 8.0 ng Be(ll) in MeOH
103+2%(n=5) 4-4
4-2-7
2 0.20¢g
4-5
14.3+ 0.6 ng
0.072% 0.003 (nmg/qg) 25.5+ 0.8ng

0.128+ 0.004 (ng/g)

a4



4-3

4-3-1

0.20g 8.0 ng Be(ll)

1.0mL HCI HNO; H,SO,
70 15h
4-20
H,SO, N.D. SO,”
Cca’* Mg* Ba*
4-3-2
8.0 ngBe(ll) 0.20g 0.5-2.0 mL
70 15h
1.0 mL 4-21
1.0 mL

4-3-3

0.20g 8.0ngBe(ll) 1.0mL

50 70 90 110 1

70 4-22
70 0.20g
8.0ngBe(ll) 1.0mL
05 1.0 15 2.0 4.0h
1.5h 4-23

&



15h 1.5h
1.5h
4-3-4 pH
4-11
pH 5.0-7.0
pH 6.0 NHs(aq)
pH 5-6 pH=6.0
20 50 mmol 30-50 mmol
buffer capacity
4-24 40 mmol
40 mmol
40 mmol
4-3-5 acac
8.0 ng Be(ll) 0.20g
NHz(aq) pH 5-6 40 mmol
pH=6.0 Sep-Pak C5 cartridge
25 50 75 100 200 pL
acac 50 L acac
4-25 acac 25 L

50 pL



acac

50 uL acac
4-3-6 Be(ll)
0.20g

Be(ll)

y=0.0105x+0.1102

linear correlation coefficient

20 L
3
Be(l) MDL

0.0036+0.0007 (my/g)

Be(ll)

40 ng
0.9994 4-26(b)

Be(Il)
Be(ll)

MDL
0-40 ng
Be(ll)
4-6
50.8 ng
0.9994 4-26(a)

MDL 0.20g
2.00 mL
12 replicates

6

0.71 +0.13 ng for a 0.20 g soil sample

4-28

Be(ll)
y=0.0101x+0.0035
linear correlation coefficient

4-29

y=0.0098x+0.1013
y=0.0091x+0.0018
7.3%



Be(ll)

Be(ll)
10.6+0.3ng
0.053+0.002 (pg/9)
1.2-2.1 ppm #
4-3-7
0.20g 8.0 ng Be(ll) in MeOH
Be(ll) 103+2%
4-8
4-3-8
3 0.20¢
4-9
12.6+ 0.2 ng
0.063+ 0.001 (hg/qg) 20.8+ 0.6 ng
0.104+ 0.003 (hg/qg) 7.2
+ 0.2 ng 0.036% 0.001 (g/g)
4-3-9
3 020¢g 11



12.0 ngBe(ll) in

MeOH 20.0 ng Be(ll) in
MeOH 7.0 ng Be(ll) in MeOH
4-10
100£3%
104+1% 103+3%
4-4
4-11 MDL 3.7 3.6ng/g

0.064+0.004  0.053%0.002 ny/g
0.07240.003  0.063+0.001 /g
0.128+0.004  0.104+0.003 my/g



25.0 mL 50 mmol pH=6.0

75 pyL acac 0.20g 25.0 mL
25-30 2h
acac [Be(acac),]
Sep-Pak C,5 cartridge [Be(acac),] C,g cartridge
2.00 mL 20 pL GFAAS

103+2%

a7



12.8 ng 0.064 (ug/g)
45.6 ng 0.73ng 3.7 (ng/g)

14.3+0.6  25.5+0.8 ng

2.
0.20¢g 1.0mL 70 1.5h
NH; pH 6.0 40 mmol
pH=6.0 C.g cartridge
50 yL acac 1h
C,g cartridge [Be(acac),] Cis
cartridge 2.00 mL 20 yL
GFAAS 103+2%
0.053 +0.002 (ug/qg)
50.8 ng 0.71 +0.13 ng
12.6x 0.2 ng 20.8+ 0.6 ng 1.2
+ 0.2ng 1 1

100+3% 104+1% 103+3%

12-18



