Hg 200.59 0

1 42 boiling point
356 melting point -39 13.55 g/mL@ 20
vapor pressure 1.6x10*KPa@ 20 ™
amalgam

80ppb nglg “

5-50 ng/m**! 20-60 ng/L™

10-30 ng/L® 10-300 ppb ngig *°
(6]
2500 3500 [
(80 ng/g)”
(
) ( ) :
(fungicides)] [

01-020 g/g)Hg][2’8x9]

(10]



[11-13]

[15-18]

[2,18]

[19]

Association, OSHA
10-50 i g/m3*%

2.0 pg/L?!
1221 1-1(

( )

1g/g

Hg2+
(thiol group -SH)]

(14]

(-SH group)

Occupational Safety and Health

5.0 yg/L
[23])

0.1-0.39 pg/g
20

[24]

5i9/g



1-1 2B ig/g)
1 2

0.1 |0.1-0.39)0.40-20% 20* 20*

1)
(2)
* 1ig/g

graphite-furnace atomic
absorption spectrophotometry GFAAS
GFAAS Hg/L
ppb 10-50
ML
drying
ashing
atomization
atomic vapor

cleaning

30



1-5 torr

300

[25]

Zeeman

hollow cathode lamp H.C.L.

tungsten

neon argon

sputtering

Hg®

Ne®



Anode . Hollow
Y cathode
—— — — —\'\ :
e
-
L/ D T
i 7 Cuartz
/z 'IIII I'-"::E'x
. M B
o b
1-1 [25]
2. Zeeman Zeeman background correction
0.1 1ltesla
0.01 nm
Zeeman Zeeman effect
singlet transtions
p S
S p S
Zeeman
p S
1-2 Zeeman
rotating
polarizer



[25,26]

1-2  Zeeman 1261

Photormultsplies
Hollow Ricating Graphite Agormic

cathoda lamp polarizer furnace Monachramanor Ebeciromics absorption

c E:,‘/J'Zalagncl -

PLiPy

_//(
=
5 //
-
s
e i
/ / y
" ¢
4 [T i [T

Ermissian

#
profie nﬁ{.\'p.f
e
T

. 7\ r
Femman Background Background phus
absorption prolile orvhy alomic absorplion
3. matrix modifier

GFAAS

NaCl
1400
NH;NO;  NacCl NH,CI NaNO;
350-380



(2). drying

Drying
(2). ashing

Ashing
(3). atomization

Atomization

emission baseline
carrier gas
carrier gas

5 sec

[27]



4). cleaning

Cleaning

extraction SPE)

1.

300-3"10° MHz
2450 MHz
conduction) (dipole rotation)

[28-33]

(solid phase

1

(ionic



)
2.
Cis
silica -Si-OH -OH -CigHsy
cartridge
cartridge
[34]
[35]
40 um
HPLC column

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

cartridge

(

[28,31-33]

Cyg cartridge

liquid-liquid extraction

HPLC column
100-120 A
HPLC
HPLC

reversed-phase LC

HPLC column

HPLC
Sep-Pak Cgg

eluting solvent



2,3-dimercaptopropane-1-sulfonate(DMPS)

[18]

SH 1213
DMPS
[CH,(SH)-CH(SH)-CH,-SO;T] pH 4-6
Hg?* CH;zHg"
[19.20.36.37] Hg** DMPS
formation constant log(Kstab.)=42.2%"  CH;Hg* DMPS
formation constant log(Kstab.) =21.0" DMPS
(Hg**  CHzHg") =
pH 60 DMPS
1391 DMPS

Sep-Pak C 5 cartridges

[40] [41]

[42] DMPS
DMPS 1-3

10



H H H

H— C C C 803 Na”
SH SH H

1-3 2,3-Dimercaptopropane-1-sulfonate (DMPS)

6.0-7.0 DMPS CHsHg'( Hg*)
Cgcartridge GFAAS

DMPS

1



[43-52] [43-45,52] [43,50-53]
(
[34,48,50] [43,48]) [46,54]
1591 (GFAAS)*
(AFS)“esd (ICP-MS)*®

(SnCl,  H,C,0,)

(CV AAS)[4346, 50,53,57,58]

[45,57,59] (NIEA
$340.60T)P® 48
Hg**
(Hg")
(D). (atomic absorption spectrometry
AAS)
(a) 0.3g 14 mL (3.5 mL HNO;+10.5
mL HCI 3.5 mL HNO3;+10.5 mL HCI+1 mL HF)
200 30 min 50
mL CVAAS (Linear Range L.R.)



(b)

(c)

(d)

(e)

83-3320(ng/g)Hg

(Detection Limit D.L.)

83 ng/g ( Recovery) 94-104 143l
0.25 g 1 mL 200
30 min 50 mL
CVAAS 100-4000(ng/g)Hg D.L.

100 ng/g Recovery 95-98 [44]

0.2 g 800 N, (300
mL/min) CVAAS D.L.
200(ng/g) 29 20 mL 160

3 SnCl,
CVAAS 145]

1lg 80 4

1 mL 0.2 M BrCl CHs;Hg"

Hg®" 50 mL CVAAS
[46]
400 N, Hg’

Au column 700

CVAAS D.L. 20 ng
571 0.20-0.50 g 750 0,

(Hg®) Au 900 Hg°

CVAAS 35-7060ng/g D.L.

35 ng/g GBW 07406 [certified

value 75+ 5(ug/g)Hg]

75.1 (ug/g) CRM 143R

13



(f)

(9)

().
(a)

Sewage amended soil [certified value 1.10 *

0.07(ng/g)Hg] 1.10+ 0.02(pg/g) ©°*
0.01~0.125 g 1 mL 40% HF] 1%
(viv) HNO3; 1% (w/v)(NaPO3)e] slurry
10 uL 1L
AgNO; 3 pL KMnO, GFAAS
D.L. 100 ng/g SRM

2711 Montana soil [certified value 6.25

0.19(ug/g)Hg] 6.35%+ 0.18(ug/g) SRM 2709

San Joaquin soil [certified value 1.40+ 0.08(ug/g)Hd]
1.37+ 0.07(ug/g) "

0.5-2¢ 1.29gK.,Cr,O; 20mLH,0
20 mL H,SO, 180 60 min ( ) H,O
100 mL CVAAS L.R. 4-200ng
D.L. 4 ng BCR 141

Calcareous Loam Soil [certified value 0.0568 *
0.0043(ng/g)HQ] 0.0577+ 0.0015 (ug/g) BCR
142 Light Sandy Soil [certified value 0.1040 *

0.0123(ug/g) Hg] 0.1026+ 0.0020 (ug/g) ©*
(atomic fluorence spectrometry AFS)
0.25 g 10 mL conc. HNOj; 175
15 min 25 mL

10 pL

14



(ETA-LEAFS)

D.L. 0.14 ng/g
%Recovery=94-98% [*°
(b) 1049 15 mL HNO3/H,SO4/H,0 (1 2 1)
20 mL 5% KMnO, 3 15 mL 4%
K,S,04 65-70 1 100 mL H,O
4.5 mL NH,OH HCI 500 mL
20 mL [SnCI, in conc. HCI]
(1 600 mL/min)

(15 mL 5% KMnOy4 in 20% H,SOy,)

1-495 ng/g D.L. 1
ng/g (Limit of
Quantitation ,LOQ) 225 ng/g
%Recovery=95.3-100.8 % [

(3). (uv-vis spectrophotometry UV-VIS)
(a) 0.5 7 mL conc. HNO3; 4 mL HCIO,
4 mL HF 150 11

50 mL 1.0 M HCI

2 g ABMBT.SG
[(aminopropyl-benzoylazo-2-mer-
capto-benzo-thiazole bonded to silica gel)]

(thiourea) uv-vis

spectrophotometry( A =485 nm)

15



%Recovery 96-97% for a reference polluted soil

(No.885 Beijing,China 2.15 pg/g) 18
(b) 29 10mL1 2 HNO3/H,SO,
2 mL conc. HCI 50-60 3

5 mL 6%(w/v) KMnO,

15 min H,O,
H,O 25 mL
[52]
(4). (inductively coupled plasma

mass spectrometry ICP-MS)

0.1 g 4% HCI (viv) 0.1% Trition
X-100(v/v) 20 mL slurry
12 uL AA

ICP-MS (ETV-ICP-MS)

D.L. 2-19 ng/g %Recovery
39% SRM 2711 Montana soil [certified value 6.25
+ 0.19(pg/g)Hg] 4.44+ 0.05(pg/g) [°®

HPLC

[50] [46]

16



(1).
1g
NacCl)
CHCl;

in chloroform

(AAS)
0.4 g CuCl 10 mL 1M HCI( 3
(2 min 3000 rpm) 3 7 mL
0.4 mL 2% dithizone
2 mL 1:1 / 5 mL

(230 ) 30 min

50 mL CVAAS

D.L.

Recovery

(2).
5 ¢
buffer(pH=2)

CVAFS

(  SnCl,

vapor

slurry sampling

1 ng/g D.L. 8ng/g
97 Recovery 102  [®%
(AFS)
5 mL 0.1 M citrate
10 mL dithizone in chloroform
thiosulfate solution
HPLC

D.L. 0.1ng/g [®

( K,Cr,0; KMnO,)

NaBH,) cold

0.2 ug/L®  ICP-MS

17



GFAASH! 1CP-MSP®
HPLC!!
HPLC AAS
AFSH*  Ms GFAAS

GFAAS
K,Cr,0,+HNOZ®®  (NH,),S in HNO;®? TeO, in 2% HCI®
Pd+Pt®  Pd+Mg(NO,),*® AU Agl®*  pdP  Au+Rh®
DMPS+NaOAc(pH=6.0)" (NH,),S
K»Cr,07 Te
Pd Pt Au Ag Rh
DMPS 136.37]
-DMPS

H92+ Hgo HgO ng+

DMPS

DMPS Petrurkin

18



(  As(ll) Cd(l) Hg(l) CHsHg* )

[67] pH
5.5-6.5 64681 DMPS

L8] GFAAS (0.25-40 pg/L) pH
6.0-6.5 DMPS  NaOH

“% DMPS  pKar  ( ) PKaz

85 DMPS  pKa, 8.7l
25 mL NaOAc buffer(1.0 mmol, pH=6.0) (50
ng) ( 0.25nmolHg®* 0.23 nmol CH;Hg") (0-300
ug) DMPSH DMPS Hg®* molarratio 0-5000
DMPS  CHz;Hg® molar ratio  0-5000

Sep-Pak C 5 cartridge cartridge 2mL
2.00 mL 50 uL
molar ratio 2-1 DMPS Hg* molar ratio
2-250 50 ng DMPS CHsHg® molar
ratio  4-500 50 ng Hg®™ DMPS
molarratio 1 2 CHzHg® DMPS  molarratio

1 4

19



Amount of DMPS / ug

0 012 024 3 81330 300
{(
TJr

T T

60

. (@)

B
=

]
o

Total amount of mercury
found / ng

0 2 - 10 100 500 5000

Molar ratio of DMPS versus mercury

2-1 DMPS 50 ng (a) Hg**-DMPS

(b) CH;Hg"-DMPS



(graphite-furnace atomic absorption
spectrophotometry GFAAS)
Hitachi Z-8000 (polarized
Zeeman background corrector)

(mercury hollow cathode lamp)
S&J Juniper Co.(England) 6 mA
253.7 nm 1.3 nm Gain 85%
30

(graphite tube-cuvette)
uncoated graphite tube-cuvette(Hitachi, part

N0.180-7400)

(argon)
(99.99%)
(carrier gas) (cooling gas)
(microwave accelerated reaction
system)

CEM (U.S.A)) MARS-5

21



HP-500 ( Teflon-PFA 120 mL)

1200 W 300 W
600 W 14
CEM 7 mL (<0.19)
920271 3-1

il

3-1

(fixed-volume pipet)
Merck 1000 pL
(adjustable digital micropipet)
(a) John Poulten Ltd.(England)
R880/A 5.0 50.0 puL
(b) eppendorf(Germany)
2.00 20.00 pL

(c) Mettler-Toledo GmbH(Germany)

2



10.

11.

12.

13.

14.

15.

16.

20 200puL 100 1000 pL
(d) Gilson(France)
1.00 5.00mL
(disposable pipet tip)
polypropylene
(vortex mixer)

Thermolyne Corporation (lowa U.S.A)) 37600

Hamilton Co. HVP-3 valve
(volumetric flask)
Iwaki Glass Co. (Japan) 10.0 25.0 50.0 100
mL pyrex A
(graduated pipet)
Iwaki Glass Co. (Japan) 1.00 2.00 5.00 10.0

mL pyrex

(microsyringe)

Hamilton 25, 50, 100 500 pL

( ) GFAAS
20 mL ( 25 mL) TOP
Mettler (Switzerland) AJ 100 0.0001

g
23



17.

Gast DOA-P104-AA
18. (glass filter holder)
Millipore(U.S.A)) 47 mm diameter XX15 04700

19. Sep-Pak Cig cartridge
Waters part No. WAT051910 body style
classic shortbody 360 mg surface pH=7 hold up
volume=0.85 mL/filled cartridge percent carbon=12

pore size =125 A particle size=55-105 pym

5 mL
15 mL
20. (brown bottle)
10 20 50 100 mL Pyrex teflon

Iwaki Glass Co.(Japan)
21. C,g particle
Waters particle size=55-105 pum
C.g cartridge

22.

Millipore (U.S.A.) pore size 045 pm
HATF 047 00

23.
250 mL pyrex
24.

24



mesh No. 10 2.00 mm
mesh No. 20 0.84 mm
25.
26. 100 mL

(deionizer resin Fistreem water purification England)
Barnstead NANOpure system
(Barnstead D0812)
(Barnstead D0809) 0.2 um

( 18.0 megaohm-cm)
2. (HNO3; double distilled nitric acid in
guartz)
Seastar Co.(Canada) 69-71% (w/w)
0.02 (pg/L) ppb

ppt

25



3. (HNO3)

Merck(GR ) 65% (w/w)
0.0000005% 1 1( 8 M)
4.
1000 mg-Hg/L Merck(GR )
Hg(NO3),* 2H,0 0.5 M HNO3
5. (CH3HgCI)

TCI(Tokyo Chemical Industry Co.,Ltd.) GR
98%
6.DMPS(2,3-dimercaptopropane-1-sulfonic acid, sodium
salt)
(HS)CH,CH(SH)CH,SO3;Na + H,O
Aldrich 95% N,
7. (HCI hydrochloric acid)
Seastar trace metal grade 35-38%(w/w)
0.1 mg/L
8. (CH;COOH glacial acetic acid)
Aldrich 99.99% 17.5 M
9. (CH;COONa sodium acetate)
Merck superpure
10. (CH;0OH methanol)
Merck GR 99.8%

26



11.

12.

13.

14.

15.

(K,Cr,04

Merck GR

(H2SO,

Merck GR

potassium dichromate)

sulfuric acid)

(NaOH

Merck GR

Material)

99.8%

95  97%(w/w)

sodium hydroxide)

(Certified Reference

GBW 07404

of Nuclear Research, China

+ 0.08 ng/g

(HF Hydrofluoric Acid)

Fisher

GR

(cleaning solution)

59

Merck(GR
HNO,)

ppb )

48%(w/w)

K,Cr,0;(Merck GR )

3

)

(Merck GR

( ppm

27

Shanghai Institute

(blank)

0.59

10 mL
400 mL)
1 ( 8 M
( 100



(1)
(2)
(3)
(4)
(5)
(6)

(8 M HNO>)

(1). 10.0 mg-Hg/L
1000 mg/L
100 10.0mg/L

4

(2). 1.00 mg-Hg/L
1.00 mL 10.0 mg/L

4

(3). 1.00x10* mg-Hg/L

0.1278 g CH5HgCI(

(4). 10.0 mg-Hg/L
1.00x10* mg-Hg/L

10

4

1000 100

( 12 h)
(Hg*")
1 10
(Hg*")
Hg** 10.0 mL
1.00 mg-Hg/L
(CHsHgCl)
)  10.0mL
10.0 mg/L

28



(5). 1.00 mg-Hg/L

1.00 mL 10.0 mg/L 10.0 mL
4
(6). DMPS
0.0030 g DMPS 10.0 mL
1.2x10° M DMPS 4
(7).
1.945 g CH;COONa 75 pL
25 mL 1.0M pH 6.0
4
2. C.g Cartridge
100 ( ) 200 mg ( )  Cqg particle
mL polypropylene (
) 3-2 (a)
cartridge 3-2 (b)

@_. B, § N
(a)

(b)
3-2 (a) (b) C.g Cartridge

29



(NIEA

S340.60T)"8! 0-15
cm
7
0.070 g (
) 7-mL
(  0.0709) (GBW 07404)
7-mL 7-mL
750 pL 75 UL
15
NO,

(P/N 301610 20 in-lb) 7-mL
( 3-2 )



(120 mL) ( 10 mL )

7-mL 4
20 (
100 mL) 7-mL
1.0 N NaOH
pH 6.0-7.0 (0.45 pm )
C18
cartridge(Clean-up cartridge 100 mg C45 particle, Waters
Co.) 169] 1.0mL 1.0
M (1.0 mmol) 5001 L 1.2x10°M DMPS
1 -DMPS

C,g cartridge

(Cartridge #1  Cartridge #2 polypropylene tip
200 mg C,4 particle, Waters Co.) -DMPS
C,g cartridge cartridge -DMPS
1.00 mL C,g cartridge
0.8 mL [5 mL
DMPS(501L) NaOAc(101L) ]
1.00 mL vortex mixer
(microsyringe) 50 pL ( 3-1)

cartridge #1 cartridge#2 clean-up

31



cartridge

(absorbance)
3-1
Step Start End Duration | Flow rate of
Temperature( ) Temperature( ) Time(sec)Argon(mL/min)
Drying 60 120 30 200
Ashing 180 180 30 200
Atomization 1200 1200 2 0
Cleaning 1800 1800 5 200
Sample volume introduced 50 pL

Wavelength 253.7 nm

Hg Hollow Cathode Lamp Lamp current

Slit width 1.3 nm

6 mA

3-3

32




5.

(1)
micropipet 10 pL (M pH=6.0) 50 pL
DMPS(1.2x10° M) (5mL) microsyringe
( 0-100 pL 1.00 mg/L)
(Hg®* CHsHg" 1.00 mL vortex mixer
1 50 pL
(GFAAS) 3-1
(2)
( 0.070 g) 7-mL
( ) ( 0-60 pL 1.00 mg/L )
750 pL 75 pL
15
NO,
(
) (120 mL) ( 10 mL
)
7-mL 4 20
( 100 mL)
7-mL
1.0 N NaOH pH 6.0-7.0
(0.45 pm )

33



C,g cartridge( 100 mg Cig particle,

Waters Co.) 1.0
mmol 5001 L 1.2x10°M DMPS
1 -DMPS
C,g cartridge( 200
mg C,g particle, Waters Co.) -DMPS Cis
cartridge cartridge -DMPS

1.00 mL vortex mixer

(microsyringe) 50 L

C,g cartridge [70-72]

(liquid-liquid extraction) (solid phase extraction)

condition load rinse

elute



-- Condition

Condition

solvent)

(extraneous peaks)
eluting solvent
cartridge

15 mL

cartridge

C,g cartridge

condition

1-2 mL/min

100mg 200 mg

(initial conditioning

initial conditioning solvent

360 mg Cis
Sep-Pak C 5 cartridge
C18
DMPS

C,g cartridge

condition

C,g cartridge



--Load

Load cartridge
condition C,g cartridge( 200 mg C,g particle,
Waters Co.) ( C,g cartridge
-DMPS C,5 cartridge (39
cartridge #1  cartridge #2 34 ) WatersTM
Sep-Pak C,g cartridge load
2-5(mL/min)!™® (25mL 100 mL)

(vacuum suction)
C,g cartridge
C,g cartridge

C,g cartridge
E—2

—— ]

Cartridge #1

Cartridge #2

3-4 -DMPS C,g cartridge



-- Rinse

Rinse

cartridge DMPS
DMPS

rinse

-- Elute
Elute

eluting solvent

eluting
solvent
Cg cartridge eluting solvent
WatersTM Sep-Pak C 5 cartridge 100
mg 0.5-0.8 mL *®
DMPS C,g cartridge
C,g cartridge 1 mL elute 1.00

mL

37



3-2

3-2

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-8000
S & J Hollow Cathode Lamp

6.0 mA

253.7 nm
1.3 nm

200 mL Ar/min

0 mL/min

50 pL
Uncoated Tube Cuvette
Peak Height

Zeeman Mode

50 uL

3-1

Blank( )

(net peak height absorbance) Y

0.070 g

X



( )

07404) (parameters)
(peak height)
(absorbance)
1.00 mL ( 50iL DMPS
) 100

(1) repeatibility
within-run
GFAAS
repeatibility
(2) reproducibility

between-run

reproducibility
within-run
GFAAS

between-run

between-run

data point

(GBW

101 L



(within-run, )

between-run

0.070 g GBW 07404 ( 0.1 mg)
7-mL Teflon 7501 L (aqua
regia) 7501 L +751 L (HF)  750iL (HNO>)
80 80 10 (
60 W ) pH
Cg cartridge
DMPS
+
(0.065) (0.050) (0.033) 4-1

0.08

Absorbance
o o
o o
= 15
T T

©

o

N
T

agua regia aqua regia+HF HNO3
Various kinds of acid



0.070¢g (GBW 07404 0.1 mQ)
7-mL Teflon

(300-10001 L) (75iL)

\W

80 10 ( 60

) pH C,g cartridge
DMPS
7501 L

(751L) 4-2

750 1L

[ pH (pH paper)

200 500 800 1100
Amount of aqua regia used(M L)

4-2
4



(HF 751 L)

(b)
0.070¢g (GBW 07404 0.1 mQ)
7-mL Teflon (0-1501iL)
(7501 L)

80 10 ( 60 W )

pH C,g cartridge

DMPS
751L (7501 L)
4-3
(
0.033) SiO,

(31]

SiO, + 6HF - H,SiFg + 2H,0O + Heat + (Analytes)

0.08

0.06

0.04

Absorbance

0.02

O | | |
0 40 80 120 160

Amount of HF used(M L)

4-3

42



( 7501 L)

0.070¢g (GBW 07404 0.1 mg)
7-mL Teflon 751L 750
iL 60 W
ramp 10
(70 75 80 85 90 )
10 pH
DMPS
80
4-4
80
80
[
pH 120 mL pH
]
80
0.08
0.06 | /Axﬂ
< 0.04
<
0.02 |
0
0 5 10 15 20 25
Holding Time (min)
4-4




( 10 )

(b)
0.070¢g (GBW 07404 0.1 mQ)
7-mL Teflon 751L 750
iL 60W
80 (5
20 ) pH
DMPS
80 10
4-5
10
10
10
0.08
0.06 | A/A/A\A\A
3
g
5 0.04 1
3
<
0.02 1
0 | | |
60 70 80 90 100
Temperature( )
4-5



1.0 N

pH 6.0
Fe* Fe(OH);
DMPS
0.45Im
Cqg cartridge
pH
0.070 g ( 0.1 mg)
7-mL Teflon
1.0N NaOH pH 50 60 7.0
8.0 C.g cartridge
DMPS
pH 5.0-7.0
4-6
0.08
A
006 F =
8
g
2 0.04
(@]
3
< \
0.02 F
0 | |
5 6 7 8
pH
4-6 pH



pH 6.0

C,g cartridge

DMPS
[ Fe(OH);] C,g cartridges
0.45 im
C.g cartridge pH 6.0-7.0
4
pH 8.0
DMPS Fe(OH);
pH 6.0-7.0
Cg cartridge
0.070¢g 7-mL Teflon
pH

[100 mg( ) 200mg( ) 360
mg( Waters Co.)] C.g cartridge

DMPS
C,g cartridge 100
200 360 mg
C,g cartridge 4-7
C,g cartridge
100 200
360 mg C,g cartridge
100 mg Cg



Absorbance

particle  cartridge

0.08
A i il
006 f —
0.04 +
0.02 r
O 1 1
0 100 200 360
C,g cartridge (mg)
4-7 Cg cartridge
pH 6.0 DMPS
-DMPS 100
mg C,g cartridge
cartridge -DMPS 1.00 mL
(501iL)
0.070¢g 7-mL Teflon
pH

C,g cartridge
(0.5 1.0 20 3.0 mmol) (pH=6.0)

a7



DMPS(1.2x10°M 5001 L)

0.08
Ay 7\

» 0.06 | A/A
-
3
5 0.04 r
%)
Q0
<

0.02 r

O 1 1 1
0 1 2 3 4
NaOAc buffer (mmol)
4-8
1.0 2.0 3.0 mmol
0.5 mmol 4-8
1.0 mmol
DMPS
1.0

mmol

2.DMPS
0.070¢g 7-mL Teflon

pH
C.g cartridge
1.0 mmol (pH=6.0) (100
200 300 400 500 600iL) DMPS(1.2x10° M)

48



Absorbance

0.08
A A
0.06 A/ﬁ/ﬂ/A
0.04
0.02
0 | | | | | |
0 100 200 300 400 500 600 700
Amount of DMPS used (M L)
4-9 DMPS
(DMPS 1.2x10° M)
DMPS 400-600 iL
100 200 300iL DMPS 4-9
DMPS 4001 L DMPS
mole 580 2300
DMPS DMPS
-DMPS DMPS 400
iL 600iL 5001 L

DMPS

49



0.070 g
pH

DMPS(500iL 1.2x10° M)

sec

Absorbance

0.08

0.06

0.04

0.02

4-10

Cyg cartridge
(1.0 mmol pH=6.0)

60-120 30 sec
1200 2 sec 30 sec
150 240 4-10 150 180
190 240
180
10 100 sec 4-11
30 sec 30
" D\D\D—D\D\D\[
]
150 180 210 240
Ashing Temp.( )
( 60-120 30 30

50



Absorbance

1200 2 )

0.08
0.06 £
0.04
0.02
O 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
Ashing Time (sec)
4-11
( 60-120 30 180
1200 2 )
60-120 30sec
180 30 sec 2 sec
800 1600 4-12
1200-1500 1200
1200 0.5
5 sec 15-3.0sec
4-13 2 sec

3-1
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[0-100 ng CHzHg® Hg*']

1.00 mL [ 50 i L DMPS (1.2x10°° M) (101 L)
NaOAc buffer (1.0 M pH=6.0)]
4-1
y=1.59x10°x+8.89x10™ 0.9995 4-14(a)
y=1.58x10°x+0.46x10™ 0.9996 4-15(a)
CHHg'( ) Hg™( )
3.2
(0-60.0
ng CHzHg") (0-60.0 ng Hg*") (0.070 g
of GBW 07404 413 ng )
4-2 ( )
y=1.57x10°x+6.61x10> 0.9999 4-14(b)
( )
y=1.55x10°x+6.63x10 0.9998 4-15(b)
« )
( ) 6.0



4-1 [(a) (b) ]

Day Calibration graph Linear Range(ng) Correlation
coefficient
1(a) y=1.55x10°x+3.10x10™ 0.5-100 0.9996
2(a) y=1.57x10°x+6.12x10™ 0.5-100 0.9998
3(a) y=1.57x10°x+9.02x10™ 0.5-100 0.9998
4(a) y=1.58x10°x+1.26x10™ 0.5-100 0.9999
5(a) y=1.59x10°x+8.89x10™ 0.5-100 0.9995
6(a) y=1.59x10°x+7.00x10™ 0.5-100 0.9996
7(a) y=1.59x10°x+4.67x10™ 0.5-100 0.9994
1(b) y=1.57x10°x+1.77x10™ 0.5-100 0.9996
2(b) y=1.58x107°x+0.46x10™ 0.5-100 0.9996
3(b) y=1.58x107x+1.70x10™ 0.5-100 0.9993
4(b) y=1.58x10°x+1.02x10™ 0.5-100 0.9999
5(b) y=1.58x107x+4.89x10™ 0.5-100 0.9998
6(b) y=1.59x10°x+4.67x10™ 0.5-100 0.9994
7(b) y=1.60x107x+2.40x10™ 0.5-100 0.9998
4-2 [(a) 0-60 ng (b) 0-60 ng
] (GBW 07404)
Trial# Calibration graph Correlation Amount of Total
Coefficient Hg in soil (ng)
1(a) y=1.57x10°x+6.61x107 0.9999 42.1
2(@) y=1.59x10°x+6.58%10" 0.9999 41.4
3(@) y=1.57x10°x+6.66x10" 0.9999 42 .4
4(a) y=1.56x10°x+6.47x107 0.9999 41.5
1(b) y=1.51x10"x+6.42x10> 0.9998 425
2(b) y=1.55x107x+6.53x107 0.9994 421
3(b) y=1.58x10°x+6.65%10" 0.9998 42.1

*
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y = 1.57E-03x + 6.61E-02
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CHs;Hg"
018
y = 1.55E-03x + 6.53E-02
r=0.9998

§ 0.12
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r=0.9996
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4-15 (a) Hg** (b)
ng+



(Day 1 and Day 2) 0.070 g
(GBW 07404 0.1 mg)

41.0+ 1.3 ng 586+19 (ng/qg) 4-3
1.7%
Certified value 590+80 ng/g
(RSD, n=8)  3.2%
( 4-2) (n=7)
42+ 0.4 ng 600+ 6 (ng/Q) Certified value
590+ 80 ng/g



4-3 (GBW 07404)

Certified Day Trial Amount of mercury measured (ng) Conc. of total mercury in soil
Reference # (ng/q)
Material® Cart. Cart. Clean-up Sum MeantS.D.° This Certified
#1 #2 Cart. (Total Hg) Method” Value
GBW 07404 1 1 35.7 3.8 0 39.5 41.0£1.3 586119 590+80
2 39.0 35 0 425
3 38.3 2.2 0 40.5
4 39.7 3.4 0 43.1
2 1 37.3 4.8 0 42.1
2 354 4.7 0 40.1
3 36.4 4.1 0 40.5
4 37.3 2.7 0 40.0
®0.070¢g (GBW 07404)

® Mean of eight determinations with standard deviation.
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20.0-60.0 ng

(

05-15 ) (GBW 07404)
97.6-99.6% (RSD n=6) 2.2%
4-4
4-4 (20.0-60.0 ng) (GBW
07404) *
Trial Amount of Hg (ng) Recovery Mean+S.D."
# added found (%) (%)
1 CHsHg" 20.0 20.1 101 99.6%1.9
2 20.0 20.3 102
3 20.0 19.3 96.5
1 Hg* 20.0 19.8 99.1
2 20.0 20.0 100
3 20.0 19.8 99.0
1 CHsHg" 40.0 39.9 99.7 98.6+2.1
2 40.0 39.7 99.4
3 40.0 38.9 97.2
1 Hg* 40.0 38.1 95.0
2 40.0 40.3 101
3 40.0 39.6 99.0
1 CHs;Hg" 60.0 58.4 97.4 97.6+1.3
2 60.0 59.4 99.0
3 60.0 59.0 98.3
1 Hg* 60.0 585 97.5
2 60.0 58.8 98.0
3 60.0 57.2 95.3
% 0.0709 (GBW 07404 0.1 mg
41.3 nQ)

® Mean of six replicates with standard deviation.
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(MDL)
24+1 nglg
(n=5)
MDL 0.070 g
C.g cartridge
1.00 mL C4g cartridge
50iL 12 (replicates)
(s) 3
MDL (
45 ) 5 MDL 0.45 ng[ 6.4
(ng/g)l(  4-6 ) 4-16

0.070 g MDL
Zhou*® 03 g D.L. 83
(ng/g) Gut* 0.25 g D.L. 100 (ng/g)
Biester *°! 0.2 g D.L. 200 (ng/g)
Lépez-Garci a *” 0.01-0.125 g D.L. 100
(ng/g) Claire 1 0.205 g D.L. 35
(ng/g) Tomiyasu®™® 1 g D.L.
1 (ng/g) DL. 8(ng/g) Chen®™™ 01g¢g
D.L. 2-19 (ng/g) Pagano™®?  0.25¢
D.L. 0.14 (ng/g)(
ETA-LEAFS ) Vedrina-Dragojevic P! 10 g
D.L. 1 (ng/g)( AFS
Hintekmann™® 59 D.L. 0.1
(ng/g)( HPLC CVAFS )



MDL Zhou*® 25ng Gu*
25ng Bombach 1 20 ng Biester™ 40ng Tomiyasu™

1 ng 8 ng Vedrina-Dragojevic ® 10 ng
Chen®® 0.2-1.9ng  Hintekmann®*® 0.5ng
Pagano*® 0.035 4-7
4-5 (MDL)
@) 0.0703
(mm) 55 | 65 | 58 | 62 | 60 | 6.0
5.8 6.5 6.0 55 6.0 6.2
(mm) 6.1
s(mm) 0.31
s 2.3x10™
MDL(ng) 0.44
MDL(ng/g) a 6.3
= 0.070g _DMPS
C.g cartridge
1.00 mL C,g cartridge 50 pL
GFAAS 12 (X)
(s) 3s (

y=1.57x10"x+1.77x107®)
(absolute amount)

61




4-6 MDL
Trial # (9) %mm) | s(mm) |s MDL(ng) MDL(ng/g) (ng/g)

1 0.0703 6.1 0.31 2.3E-04 0.44 6.3 4.5E-03 24

2 0.0701 6.0 0.29 2.2E-04 0.41 5.8 4.4E-03 24

3 0.0702 6.1 0.29 2.1E-04 0.40 5.7 4.4E-03 24

4 0.0706 6.4 0.37 2.7E-04 0.52 7.4 4.7E-03 26

5 0.0699 5.8 0.35 2.6E-04 0.49 7.0 4.3E-03 23

0.45 £ 0.05 6.4+0.7 24+1
y = 1.57x10°x + 1.77x10° MDL = 3s/m

% Mean of twelve replicates
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4-7 MDL
Ref. Sample of soil Method Instrument D.L. (ng/g)
used (g)
45 0.2 Pyrolysis CVAAS 200
47 0.01-0.125 Slurry GFAAS 100
44 0.25 Microwave digestion CVAAS 100
43 0.3 Microwave digestion CVAAS 83
57 Pyrolysis and amalgamation CVAAS (20 ng)
53 0.5-2.0 Heating block digestion CVAAS (4 ng)
This study 0.070 Microwave digestion and C.g preconcentration| GFAAS 6.4 (0.45nQ)
56 0.1 Slurry ETV-ICP-MS 2-19
50 1 Extraction and digestion CVAAS
Org-Hg=1
Inorg-Hg= 8
51 10 Digestion and preconcentrated in an impinger AFS 1
49 0.25 Microwave digestion ETA-LEAFS 0.14
46 5 Extraction and HPLC CVAFS |Org-Hg=0.1
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1. 0.070 ¢ [GBW 07404
590+ 80 (ng/g) Hy] 7-mL

(2). 750 pL 75 pL

(2). 80 10 min

(3). pH NaOH(1 N) 6.0-
7.0

(4). C,g cartridge 100 mg C,g particles
(Waters Co.)

(5). DMPS 5001 Lof1.2x 10°M

(6).NaOAc buffer 1.0mmol( 1.0mL1.0M)

(7). C,g cartridge 200 mg Cig particles
(Waters Co.)

(8). [ 60-120 ,30s
180 ,30s 1200 ,2s( ) 1800 ,5

s

2. (0-100 ng of Hg** or CHzHg") (
DMPS  NaOAc buffer) ( )
( 0-60 ng GBW 07404 )
() 6.0

3. (GBW 07404)
41.0£1.3 ng 586+19 ng/g
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%RSD  3.2% (n=7)

600+ 6 (ng/g) Hg certified
2.4%
4. 0.070g (GBW 07404) 20.0-60.0 ng
97.6-99.6%
5.
24+1 nglg (0.070 g)
(MDL 3o0) 6.4(ng/g)Hg 0.45ng
1.4 ug/g
1 ( )
( )
2. 1g
100 mL Teflon ( 2-6M)
pH 6.0-7.0
C g cartridge
1
-DMPS
C.g cartridge -DMPS C.g cartridge
cartridge -DMPS
1.00 mL 50 pL GFAAS
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GBWO07404

Certified values of soil reference materials
(Certification 1986, Revision 1998)

1g/g 19/g 19/g 19/g %
Ag|0.070£0.016] Eu[0.85+0.11]Nd| 27#3 [ Tj[10800+470] SjO, [50.95+0.21
As| 58#3 F | 540+38 | Ni| 64+7 [T|[0.94%0.33] AL,O, [23.45%0.29
Au| 0.0055 [Ga| 31#5 [P | 69543 [Tm|0.7040.12| TFe,O, |10.3040.16
B 97+13 |Gd| 4.7¢0.6 [Pp| 58+7 [ U]| 6.7x1.2 | FeO 0.41
Ba| 21331 [Ge| 1.9+0.4 [Pr| 8.4%1.9 [V [ 247+21 | MgO [0.49+0.07
Be| 1.85+0.53 |Hf| 14#2 |Rp| 75#6 |W/| 6.240.7 | CaO [0.2620.05
Bi | 1.04+0.20 [Hg[0.59+0.08] S | 18040 | Y [ 398 Na,O [0.11+0.03
Br| 4.0+1.1 [Ho[1.46+0.14/Sp| 6.3+1.7 [Yb| 4.8405 | K,O [1.030.09
Cd| 0.35:0.08 | | | 9.4¢1.2 [Sc| 20+2 [zn| 210+19 | H,O" 10.1
Ce| 136%16 ||n [0.1240.03/Se[0.64+0.18| Zr| 500+65 | CO, 0.12
Cl 36 Lal 53#6 |Sm| 4.420.5 Org-C [0.62+0.06
Co| 2243 Li| 55#3 |[Sn| 5.7+1.3 LOI 10.9
Cr| 370+24 [Lyl0.75x0.09/Sr| 7729 > (Corr)| 100.35
Cs| 21.4#1.3 |Mn|1420+117| Ta| 3.120.3
Cu| 40+ |Mo| 2.6+0.4 [Tp[0.94+0.13
Dy| 6.6+0.7 | N |[1000£50|Te| 0.15
Er| 45#0.8 [Nb| 385 |[Th| 272
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