Hg 200.59 0

1 +2 boiling point
356 melting point -39 13.55 g/mL@ 20
vapor pressure 1.6x10*KPa @ 20 ™
amalgam
[2]
(-SH group)
[3.4]
> >
[5]
20-100 ng/g
Hg" 0.1-15 [

100 ng/g



18] 250 ng/g
l 1000 ng/g [

graphite-furnace atomic

absorption spectrophotometry GFAAS

GFAAS Hg/L
ppb 10-50
ML
drying
ashing
atomization
atomic vapor
cleaning
30

Zeeman



1. hollow cathode lamp H.C.L.
1-1 tungsten
1-5 torr neon argon
300
Ne*
sputtering
Hg’ [10]
Anade _Hallow
A cathode
'\. 1"'- all / )
——L—- b
{f’/
P _llll ._.
/ 7 g Quartz
-:_!I;i MNe nlr A ;::rdr.:w
shigld gt 1-B 1o
1-1 [10]
2. Zeeman Zeeman background correction

0.1 1tesla



0.01 nm

Zeeman Zeeman effect
singlet
transtions T c
(e} 7T
(@)
Zeeman
7T (¢}
1-2 Zeeman
rotating
polarizer
[10,11]
Fraoaceyed U i
Haollore, Graphihe Snma
cathode lamp B Marsrhromator Eleclnssics abis ot

Backgrourd  Background plue
atsoipion profile orly BROFTD BDEOT LN

1-2  Zeeman 1]



3. matrix modifier

GFAAS

1400
NHsNO;  NaCl
350-380

(2). drying
Drying

NH,CI

NacCl

NﬁNOg

(12]



(2). ashing
Ashing

(3). atomization

Atomization

emission baseline
carrier gas

carrier gas

(4). cleaning

Cleaning



(solid phase extraction

SPE)

3-300x10°> MHz 2450 MHz
(ionic conduction)

(dipole rotation)

[13-18]

¢ )



silica -Si-OH -OH -C18H37

cartridge

cartridge

[19-22]

(23]

[24]

40 um
HPLC column

column stationary phase

-Si
Cis

C.g cartridge

liquid-liquid extraction

HPLC column
100-120 A%
HPLC
HPLC

HPLC mobile phase reversed-phase LC Cis

silica HPLC column methanol

acetonitrile
phase

eluting solvent

HPLC mobile

Sep-Pak Cyg cartridge



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

(4]

-SH [25,26]
DMPS
[CH,(SH)-CH(SH)-CH,-SO3T] pH 4-6
Hg™ CHzHg"
l27-29) Hg** DMPS
formation constant log(Kstab.)=42.28"! CH;Hg* DMPS
formation constant log(Kstab.) =21.213" DMPS
(H92+ CH3Hg+) [32]
pH 6.0 DMPS
1933 DMPS

Sep-Pak Cyg cartridges

[34]
(35]

DMPS
DMPS 1-3



HHH

I-—C C C SO;5°
SH SH H

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

6.5-7.0 DMPS Hg?*( CHsHg")
Cigcartridge GFAAS

10



(1) atomic absorption spectrometry AAS
€)) 2-5¢ 3mL HNOs+2mL HCI 6
KMnO4+K;S,04 15
Hg?* NaCl+NH,OH HCI
KMnO, 100 mL
Flame AAS

0.27-183 ug/g Hg method detection limit

MDL 0.1 ng/g recovery 85-115 [l
(b) 0.2 ¢ HNO; NaCl SnCl,

Hg* Hg° Au-amalgamator

cold vapor AAS CVAAS
BCR CRM 580 Community Bureau of Reference,
European Commission Standards, Measurement and Testing

Programme, Belgium, certified value 132+3 (ug/g) Hg

129+7 (ug/g) Hg H,SO4/HNO3; HySO4/HCI
HNO4/HCI BCR
CRM 580 13024 13428 135¢4  pglg
Hg HNO; 80 4 HNO4/H,0,
3 BCR CRM 580 13312 1342
ugly Hg®"
()  2-60mg 3 IR 1100 30
Hg" Hg"

Au-amalgamator Hg° AAS

11



MDL 0.26 ng Hg 4 (ng/g)Hg for a 60 mg
sample

SRM NIST National Institute of Standards

and Technology, U.S.A. Buffalo river sediment certified value

1.47+0.07 (ug/g) Hg 1.42+0.06 pg/g CRM NIES

National Institute of Environmental Studies, Japan  pond
sediment No. 2 reference value 1.30 (ung/g) Hg

1.28+0.04 ug/g CRM IAEA International Atomic Energy

Agency, Vienna SL-1 lake sediment reference value 0.13

(Hg/g) Hg 0.13+0.01 pg/gt®
(d) 200-500 mg CRM 0.035-7.06 pg/g Ni
boat 750 Hg°
Au-amalgamator 900
Hg° AAS
%RSD n=8  3.6%
(e) 10-250 mg PP 1
mL HF HNO; 1%, v/v  sodium hexametaphosphate
1%, wiv 10 pL slurry

chemical modifier AgNO3z;+KMnO,
GFAAS MDL 100 ng/g
CRM PACS-1 marine sediment  certified value
4.57+0.16 (ug/g) Hg 4.62+0.20 pg/g SRM NIST 2704
river sediment certified value 1.47+0.07(ug/g)Hg
1.52+0.06 pg/g SRM NIST 277 estuarine sediment  certified
value 1.77+0.06 (ug/g) Hg 1.83+0.04 pg/g*®
(f) 29 20 mL 160 3
CVAAS ]

12



(2) (cold vapor atomic fluorescence

spectrometry CVAFS)

0.1g 60 mL 10 mL
HNOg:stO4:70:30 65 4
KMnO4+K28208 65 2

25 mL CVAFS
limit of quantitation LOQ 8 (ng/g)Hg  MDL
2.4 (ng/qg) BCR CRM 320 river sediment 2
reference value 1030 (ng/g) Hg 960 ng/g BCSS-1
marine sediment reference value 176 (ng/g) Hg 172
ng/g 104 RSD n=4
3 [42]
(3) inductively coupled plasma

mass spectrometry ICP-MS

(a) 5mL HNO; 18 mL HCI
100 1 K,Cr,0; Hg?*
SnCl, Hg?* Hg® ICP-MS
blank solution MDL 0.004
(ng/g) Hg"*
(b) 0.25 g 8 mL  HNO;
20W 5 2 mL H,0,
5mL 0.1% Trition X-100
0.1% EDTA 0.1% NHi(aq) *°°TI internal
standard 20 pg/L 0 —40 pg/L Hg
flow injection system ICP-MS 20Hg
292Hg 0.25g

MDL 1(ng/g) Hg 4-100 (ung/9)

13



95-105 BCR S-19 estuarine sediment
reference value 91.07 (ug/g) Hg 95+3 (ug/Q)
IAEA-356 marine sediment  certified value 7.62+0.65 (ug/g)
Hg 7.3x0.1(ng/g) NRCC National Research Council
Canada CRM PACS-1 sediment certified value 4.57+0.16
(ug/g) Hg 4.7+0.3 (ug/g)™**
(c) HNO; HNOg/HCI
SnCl, Hg° ICP-MS BCR CRM 580
134+3 131+4 (pg/g) Hgt"!
(d) 0.25¢g 60 MPa for 5 sec
laser ablation ICP-MS  LA-ICP-MS
0.25 g 20

(ng/g)™*

(1) CVAAS
(a) 19 CuCl, 0.4g NaCl 3% wl/v
HCI 10 mL 1M 10 3000 rpm
2
CHCl;
7 mL 2
CHCl; CHCIj;
Dithizone diphenylthiocarbazone 0.4 mL
0.2% chelate
1 mL of 60% HCIO, 230 30
50 mL 20 mL CVAAS

14



149
MDL 1 (ng/g)®*®
(b) 0.2¢g 6 M HCI
anion-exchange resin
HgCl,” CHzHg" Hg™
SnCl, Hg° Au-amalgamator
CVAAS
IAEA-356 marine sediment certified value 5.46+0.77 ng/g
CHsHg" 5.97+0.65 (ng/g) CHsHg"
98%*")
(2) GC-AAS
(@ 05¢g 5mL5NHCI[ 5NH,SO, NaCl
(1% wlv) CuSO4((1% w/v)] 15
toluene 5mL
Na,S,0; 4 mL, 1% wiv

purge and trap

GC FTIR AAS 4

99.6-101.3 LOQ
50 pg CHzHg"™ MDL 15 pg™e!
(b)  1-2g 10mL2-8 MHCI  HNO;
60W, 3
2000 rpm 5
NaBEt, CHHGC,H
cryogenic trapping GC
Quartz-Furnace AAS [49]

BCR CRM580 BCRCRM S-19
certified values  75.5+3.7 53.1+8.6

15



(ng/g) CH3Hg"

96+ Y
(c) 0.25¢ HCI
toluene cysteine
toluene EtHgCI
GC CVAAS BCR CRM
580 73.5+3.5(ng/g) CHsHg" 96+2
[37,51]
(3) cold vapor atomic

fluorescence spectrometry GC-CVAFS
(@) 0.05¢g 0.5-20¢g 10 mL
2.5mL [ KClI 6.0%,w/v H,SO, 5%, viv
Cu(NOj), 10%, wiv |
pH=4.5-5.0, 2 M 0.4 mL acetate buffer
75 pL, 1% NaBEt,
CH3HgC,Hs GC-CVAFS

1lg MDL 0.01 ng/g
BCR CRM 580 75.8£3.3 (ng/Q)
CHsHg®  IAEA-356 4.93+0.13 (ng/g) 5 ng
CHsHg" CRM 95+3 97+5
[52] BCR CRM 580 81.5+3.0 (ng/q)
CHzHg*  RSD= 3.7%“*!
(b) 4-5¢ 5mL KBr/CuSO, 3 1
1 CH.Cl, 5mL
1 mL CH,CI, acetate
buffer sodium tetraphenylborate,

NaB(CeHs)s GCIAFS

16



54

MDL 0.11 ng/g CHzHg" 0-50 pg Hyg
standard
addition method 57-112%"°
(c) alkaline digestion 25% KOH in methanol
acetate buffer NaBEt, GC-CVAFS
IAEA-356
5.28+0.29(ng/g) CHsHg" 87.4-90.9 ™1
(4) GC-ECD(electron capture detector)
(@ 0.25¢g HCI toluene
EtHgCI GC
ECD
96+2 48] BCR CRM 580
78.5+2.9 (ng/g) CHsHg" RSD 3.7 M
(b) 0.5 g 4 mL4M
H,SO4KBr CHsHgBr 5mL
2 cysteine
1%, 3 mL
(1 mL) 0.1 mL 2 uL
GC-ECD IAEA-356
certified value 5.46+0.77 ng/g 5.20+0.61(ng/qg)
CHsHg* 68+2 11
(c) 15¢ HClI 6 M, 400 L toluene 10 mL
120 10 min cysteine
acetate 3mL 1% HCI 6 M 4mL
toluene 5 mL 1 pL

GC-ECD MDL 8 nglg CHsHg*

17



2 BCR CRM 580 S-19 RSD

80454
(5)  HPLC-CVAAS
(@ 0.25¢ H,SO, NaCl
acetate buffer sodium pyrrolidine
dithiocarbamate SPDC Cis
HPLC CVAAS

BCR CRM 580 certified value 75.5£3.7 ng/g
76.6+8.1(ng/g) CHsHg" RSD  10.6

BCR CRM 580 76.0+6.0 (ng/g) CHsHg"
103x7 B
(b) 0.2-1.0g 5(a) BCR CRM
S-19 60.1+4.3(ng/g) CHs;Hg"  IAEA-356
5.59+0.42(ng/g) CHsHg* 19 MDL
40 pg 0.04 ng/g CHszHg"
0.04-20 ng CHsHg* 92-95 [*
(6) HPLC-CVAFS
@ 1g HCI
toluene Na,S,05
HPLC
SnCl, Hg° CVAFS
BCR CRM 580
77.0+4.0(ng/g) CHsHg'?"! 103+2  PU
BCR CRM 580 78.0+3.8(ng/g) CHsHg"

%RSD=4.9 [
(b) HCl/toluene
3 Na,S,03

18



Xx 3 mm

2-mercaptoethanol

5.46+0.77 ng/g
(7) HPLC-ICP-MS

25 L HPLC Ciscolumn 200
mobile phase
CVAFS
IAEA-356

3.87+0.46 (ng/g) CHsHg ™"

0.1 mM

certified value

(@ 10 g (CHCI; 50 mL)
CHCl;, 5 mL 2
(100 pL) N, CHCl; 10 mL
NaCl H,S0,(8 M, 200pL) ?0Hg(500 ng in 50pL)
9 mL HPLC  ICP-MS

value 0.72(ng/g) CHsHg']

River Rhine sediment [reference
0.69(ng/g)r®

BCR CRM 580 74.8+3.7(nglg) CHs;Hg® %RSD
4.9
(b) 0.2g HCI/H,SO,4 acetate
buffer SPDC HPLC SPDC
uv
NaBH, Hg° ICP-MS
BCR CRM 580
75.0+5.0(ng/g) CHsHg* 104+6 B
(c) 0.05-0.5 ¢ 9.5 mL KCI H,SOq4
SPDC
10 mL 1-10 mL Cis column
HPLC ICP-MS
059 MDL
15 pg or 0.025 ng/g BCR CRM S-19

19



54.6+1.6(ng/g) CHsHg* IAEA-356
5.95+0.52(ng/g) CH3Hg" 105+3 157

Hg®

GFAAS
K,Cr,07+HNO3P2* (NH,),S in HNO5®®  TeO, in 2% HCI®!
Pd+Pt®d  Pd+Mg(NO5),* Aul®d Agf? pdl4  Au+Rh
DMPS+NaOAc (pH=6.0)*%"3! (NH,),S
K>Cr,O4
Te Pd Pt Au Ag
Rh DMPS
[30,31] -DMPS
Hg2+
Hg®

DMPS
DMPS Petrurkin
(  As** Cd* Hg®* CHsHg® )
[27-29,65]
pH 5.5-6.5 1932 pMPS
DMPS-Hg* formation constant™ 10%
DMPS-CH;Hg*  formation constant™! 10%
132] (331 GFAAS 0.25 - 40
ug/L [32] 0.053-4.0pg/L  Csg cartridges

20



[33] pH 6.0-6.5

DMPS  NaOH [32] DMPS  pKa1
PKao 8.5
DMPS  pKa, 8.78% DMPS

Hg?* DMPS molar ratio 1 2 CHsHg"
DMPS molarratio 1 4 2-1 [19]

Amount of DMPS / pg

U 0.12 0.24 3 6 15 30 300
E!I L8

&0 T
- )

o
[ |

u ]
=

.ﬂ'...-;:

=

0 2 4 10 100 500 5000

Total amount of mercury
found / ng

Molar ratio of DMPS versus mercury

2-1 DMPS 50 ng (a) Hg®*-DMPS
(b) CHsHg*-DMPS
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(graphite-furnace atomic absorption
spectrophotometry GFAAS)
Hitachi Z-8000 (polarized
Zeeman background corrector)
(mercury hollow cathode lamp)
S&J Juniper Co. (England) 6 MmA
253.7 nm 1.3 nm Gain 85%

30

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

No0.180-7400)

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

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

22



10.

11.

HP-500 ( Teflon-PFA 120 mL)

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

(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 puL 100 1000 pL
(d) Gilson(France)
1.00 5.00 mL
(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

23



12.

13.

14.

15.

16.

17.

18.

19.

20.

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
50 mL TOP
Mettler (Switzerland) AJ 100
0.0001 g
Gast DOA-P104-AA

(glass filter holder)
Millipore (U.S.A.) 47 mm diameter XX15 04700
(brown bottle)
10 20 50 100 mL Pyrex teflon
lwaki Glass Co. (Japan)
C.s particle
Waters particle size=55-105 um

C.g cartridge

Millipore(U.S.A.) pore size 045 um

24



21.

22.

23.

24,

HATF 047 00

250 mL pyrex

mesh No. 10

mesh No. 20

2.00 mm

0.84 mm

100 mL

Barnstead NANOpure system

(Barnstead D0812)

(Barnstead D0809) 0.2 um

(

quartz)

18.0 megaohm-cm)

(HNO3;

Seastar Co.(Canada)

ppt

(HNO3)

0.02 (ug/L)

25

double distilled nitric acid in

69-71% (w/w)

ppb



Merck(GR ) 65% (w/w)

0.0000005% 1 1( 8M)
4.
1000 mg-Hg/L Merck(GR )
Hg(NO3)222H,0 0.5 M HNO;
S. (CH3HgCI)
TCI (Tokyo Chemical Industry Co.,Ltd.)
GR 98%

6.DMPS(2,3-dimercaptopropane-1-sulfonic acid, sodium
salt)
(HS)CH,CH(SH)CH,SO3Na ¢ H,0
Aldrich 95% N>

7. (HCI hydrochloric acid)

Seastar Co. trace metal grade 35-38%
(w/w) 0.1 pg/L
8. (CH3COOH (glacial acetic acid)
Aldrich 99.99% 17.5 M
9. (CH3;COONa sodium acetate)

Merck superpure
10. (CH30OH methanol)
Merck GR 99.8%

11. (K,Cr,O; potassium dichromate)

26



12.

13.

14.

15.

16.

Merck GR 99.8%
(H,SO4 sulfuric acid)

Merck GR 95 97% (w/w)

(NaOH sodium hydroxide)

Merck GR

(HF Hydrofluoric Acid)

Fisher Co. GR 48%(w/w)

(Certified Reference

Material CRM)

(1) GBW 07305 Shanghai Institute of
Nuclear Research, China 0.10 =
0.02 ug/g

(2) GBW 07311 Shanghai Institute of
Nuclear Research, China 0.072 =
0.014 nug/g

(3) CRM 016-050 Resource Technology

Corporation, Laramie, WY, U.S.A.
0.11+0.04 ng/g
(Certified
Reference Material) BCR CRM 580 Office
for Official Publications of the European Communities,
Luxembourg, Belgium 132+3

ug/g 75.5+£3.7 ng/g

27



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

59

(cleaning solution)

Merck(GR

8 M HNO>) 3

(

100 ppb )

(8 M HNO>)

(1). 10.0 mg-Hg/L

100 pL 1000 mg/L

Ko.Cr,O; (Merck GR

(Merck GR
)
( ppm
( 12
(Hg™)

28

)

10 mL

200 mL)

11 (

(blank)

10.0 mL
10.0 mg-Hg/L



(2). 100 pg-Hg/L (Hg*")

100 pL 10.0 mg/L  Hg** 10.0 mL
100 pg-Hg/L
(3). 1.00x10* mg-Hg/L (CHsHg")
0.1278 g CH3HgCI( ) 10.0 mL

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

10 1000 100 10.0 mg/L
4
(5). 100 pg-Hg/L
100 pL 10.0 mg/L 10.0 mL
100 pg-Hg/L
4
(6). DMPS
0.0030 g DMPS 10.0 mL
1.2x10°M DMPS 4
(7).
1.945 g CH3;COONa 75 L
25 mL 1.0M pH 6.0

4

29



C.g Cartridge
1 mL polypropylene
(A) 160 mg Cyg particle(B)
(A) 3-1 Cis

cartridge conditioning #1 #2)

@

(B) #1

L - L A)
)

#2

3-1 C,g cartridge

29
(20 mL) silicagel Mg(ClO,),

30



07305

700 uL

30

7-mL

10 mL

24 ( dry-base ) CRM

50 mg( 0.1 mg)
(CRM ) 7-mL
50 mg( 0.1 mg) (GBW
) 7-mL
50 pL
NO,
(P/N 301610 20 in-Ib)
( 3-2 )
(120 mL)
)
7-mL
20 (condense)

( 200 mL)

7-mL

31



NaOH (1.0 N) pH
6.5-7.0 (0.45 pm )
1.0mL1I.OM( 1.0 mmol) (pH=6.0)
500 pL (1.2x10°M) DMPS
1 -DMPS

Cig cartridge (cartridge #1  cartridge #2

160 mg Cig particle, Waters Co.) -DMPS
C.g cartridge cartridge
-DMPS 0.50 mL vortex mixer
50 pL
( 3-1) cartridge #1
cartridge #2
(absorbance)

32



3-1

Step Start End Duration | Flow rate of
Temperature( ) Temperature( ) Time(sec)/Argon(mL/min)
Drying 60 120 30 200
Ashing 170 170 40 200
Atomization 1300 1300 3 0
Cleaning 1800 1800 5 200
Sample volume introduced 50 pL
Wavelength 253.7 nm
Hg Hollow Cathode Lamp Lamp current 6 mA

Slit width 1.3 nm

3-2

33




(1)
10 pL (1.0 M pH=6.0) 50 pL
DMPS (1.2x10° M) 2 mL

(  0-100 pL 100 pg/L)

(Hg®"  CHsHg") 0.50 mL vortex
mixer 1 50 pL
(GFAAS) 3-1
(blank)
2)
(CRM
50 mg 0.1 mg) 7-mL

( 0-100 pL 100 pg/L )

700 pL
50 pL
30 NO,
(
) (120
mL)  ( 9.25 mL )
7-mL
4 20 condense
(200 mL)
7-mL



NaOH (1.0 N) pH

6.5-7.0 (0.45 pm )
1.0 mmol (pH=6.0) 500 pL (1.2x10° M)
DMPS 1
-DMPS Cig
cartridge ( 160 mg C,g particle, Waters Co.)
-DMPS C.g cartridge cartridge
-DMPS 0.50 mL vortex mixer
(microsyringe) 50 pL
( 31
6. C.s cartridge [20-22]
- (liquid-liquid extraction) (solid
phase extraction)
condition load rinse elute!®

-- Condition

Condition

(initial conditioning solvent)

35



(extraneous peaks)

initial conditioning solvent eluting solvent
Cg cartridge 160 mg 3 mL
Sep-Pak Cyg cartridge 10 mL
C.g cartridge -DMPS
-DMPS
conditioning Cis
cartridge

C,g cartridge

-- Load
Load cartridge
condition C.g cartridge( cartridge #1  cartridge
#2 3-3 cartridge 160 mg C3 particle,
Waters Co. C.s cartridge [33]
C.g cartridge -DMPS )

C,g cartridge

C,g cartridge

36



i | Cartridge #1

|| Cartridge #2
Y

3-3 -DMPS C.g cartridge
-- Rinse
Rinse
cartridge
DMPS Hg-DMPS
rinse
-- Elute
Elute
eluting solvent cartridge
eluting
solvent

Cig cartridge eluting solvent

37



Waters Sep-Pak Cqg cartridge 100

mg 0.5-0.8 mL ™!
Hg-DMPS Cyg cartridge
0.50 mL
(1) 3-2
3-2
GFAAS Hitachi Company Z-8000
Light Source S & J Hollow Cathode Lamp
Lamp Current 6.0 mA
Wavelength 253.7 nm
Slit Width 1.3 nm
Carrier Gas 200 mL Ar/min
Interrupted Gas at Atomization 0 mL/min
Sample Volume Introduced 50 pL
Tube Type Uncoated Tube Cuvette
Signal Mode Peak Height
Background Correction Zeeman Mode
(2) (CRM
) ”

38



(net peak height absorbance)

50 mg X
X ( )
accuracy
( )
07305) (parameters)

(peak height)

(absorbance)
0.50 mL ( 50 uL DMPS
) 100
(1) repeatability
within-run

GFAAS
repeatability
(2) reproducibility

between-run

reproducibility
within-run

39

Y

CRM

(GBW

10 pL



GFAAS

between-run

between-run
data point
(within-run, )

between-run
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30 (aqua regia)+ (HF)
50 mg GBW 07305 ( 0.1 mg)
7-mL Teflon 750 L 750 L
+75 pL
10 80 80 10
60 W NaOH
pH
DMPS
+
(0.011) (0.008) 4-1
0.02
S
8001 |
S
. J
=
0

aqua-regia aqua-regia+HF
Various kinds of acid used

4-1
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50 mg GBW 07305( 0.1

mgq) 7-mL Teflon (500 -
900 pL) (50 uL)
10 80
80 10 60 W
NaOH pH
DMPS
700 pL (50 pL)
4-2
700 pL
700 pL
[ pH 120 mL pH
]
700 pL
0.02

0.01 I '//‘\\‘

400 500 600 700 800 900 1000

Absorbance

Amount of aqua regia used (uL)

4-2 (HF 75 pL)
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(b)

50 mg GBW 07305( 0.1
mgq) 7-mL Teflon (10-90
uL) (700 pL)
10 80
80 10 60 W
NaOH pH
DMPS
50 L (700 pL)
4-3
SiO,
0.02
o 0.015
[S]
S
2 001
o
8 1_’/’/\\;
< 0.005 |
0

O 10 20 30 40 50 60 70 80 90

Amount of HF used (uL)

4-3
( 700 pL)
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50 mg GBW 07305( 0.1

mgq) 7-mL Teflon 700 pL 50 pL
60 W
10 75 80 85
90 10
NaOH pH
DMPS
80
4-4 30
80
pH
120 mL pH
80
0.02
3
: ’/‘\0\‘
2 001
(@)
3
<

70 75 80 85 90 95

Temperature ()

4-4
( 10 )



(b)

mg)

Absorbance

20

0.02

0.01

4-5

50 mg GBW 07305 ( 0.1

7-mL Teflon 700 pL 50 pL
60 W

80 80 5 10 15

NaOH pH
DMPS
80 10
4-5 10
10
10
5 10 15 20 25

Holding Time (min)

80 )

45



mg)

10

pH

Hg?**

0.02

Absorbance

4-6

pH

50 mg GBW 07305( 0.1
7-mL Teflon 700 pL 50 pL
80 80 10
60 W NaOH
5.0 6.0 7.0 8.0
DMPS
pH 7.0
4-6 %0
pH 3.0 Fe(OH);
pH 50 6.0 7.0 pH 7.0
Fe(OH);
DMPS pH 8.0
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1. pH

50 mg GBW 07305
7-mL Teflon 700 pL 50 pL
10
80 80 10 60
W NaOH pH
pH pH=5.0-7.0
1.0M 1 mmol DMPS
pH 6.0
4-7 DMPS
pH 6.0
0. Q02
3
c
8
5 0 g1
3
<
0
4 . 5 5 5.5 6 6.5 7
pH of NaOAc buffer

pH
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pH 6.0

50 mg GBW 07305( 0.1
mgq) 7-mL Teflon 700 pL 50 pL
10 80 80 10

60 W
NaOH pH pH
6.0 (0.5 1.0 2.0 3.0 mmoal)
(500 uL) DMPS
pH 6.0 1.0 mmol
4-8
1.0 mmol
DMPS
1.0 mmol
1.0 mmol
0.02
3 '/'\‘\‘
&
o 001 |
(@)
3
<
0
0 1 3 4

mmol of NaOAc buffer

4-8
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3.DMPS

50 mg GBW 07305( 0.1
mgq) 7-mL Teflon 700 pL 50 pL
10 80 80 10

60 W NaOH

pH (1.0
mmol) (100 200 300 400 500 600puL) DMPS
(1.2x10°3 M)

DMPS 500 pL
4-9 DMPS 500 pL
500
ML DMPS ashing
500 pL DMPS
0.02

3

S

2 001

@)

3

<

0 100 200 300 400 500 600 700

Amount of DMPS used (L)

4-9 DMPS
(DMPS 1.2x10° M)
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4, Cig cartridge

50 mg GBW 07305( 0.1 mg)
7-mL Teflon 700 pL 50 uL
10
80 80 10
60 W NaOH
pH
DMPS Hg-DMPS 2 Cis
cartridge 140 150 160 170 180 mg
Cg particle cartridge 0.50 mL
50 pL
Cg cartridge 160 mg
4-10 C.g cartridge 160 mg
(Hg-DMPS)
cartridge 160 mg
0.5mL C.g cartridge
C,g cartridge 160
mg
0. Q2

/\\

1

Absorbance
o
()

130 140 150 160 170 180 190

Amount of C1s particle in cartridge (mg)

4-10 Cgg cartridge
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— compound

50 mg
pH
1.0 mmol pH=6.0 DMPS 500 pL 1.2x10° M
cartridge #1  cartridge #2

Hg-DMPS 0.50 mL
cartridge #2 0-5%
cartridge #1
60-120 30 sec
1300 3sec 40 sec
150 200 4-11 160
170 180 200
170

10 70sec 4-12

20sec 40 sec

40 sec
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0.02

[}
=
8 o001 |
o <4
8 /—\\\
< p
0
150 160 170 180 190 200
Ashing Temp. ()
4-11
( 60-120 30 40
1300 3 )
0.02
3
&
2 0014;————4—————+—————+-\\\*_____“*~“ﬂ
2 3
Q0
<
0
10 20 30 40 50 60 70
Ashing Time (sec)
4-12
( 60-120 30 170

1300 3 )
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60-120 30 sec

170 40 sec 3 sec
1100 1600 4-13 1300
1300
1300
l1sec 5sec 2-5sec
4-14 3 sec
3-1
0.02
(0]
S
g 0.01
R e
< ,
0
1100 1200 1300 1400 1500 1600
Atomization Temp. ()
4-13

( 60-120 30 170
3 )
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0.02

(]

2

S oo01 | . . X

o \g *

a8 /

< ¢

0
1 2 3 4 5
Atomization Time (sec)
4-14
( 60-120 30 170 40
1300 )
[0-15.0 ng CHsHg"  Hg™]
0.50 mL [ 50 uL DMPS (1.2x10° M) (10 pL)
NaOAc buffer (1.0 M pH=6.0)]
4-1
y=2.71x103x+1.10x103 0.9999 4-15(a)
y=2.72x10°x+1.30x10° 0.9996 4-16(a)
CHeHg'( ) Hg*™( )
1.5
(0-10.0 ng CHsHg") (0-10.0 ng Hg*)



(50 mg of GBW 07305 5.0 ng 50

mg of CRM 016-050 55ng )
4-2  4-3 GBW 07305
( )
y=2.72x10°x+1.36x10" 0.9995 4-15(b)
( )
y=2.71x103x+1.32x10? 0.9996 4-16(b)
CRM 016-050 (
) y=2.73x10°x+1.50x10"
0.9996 4-17(b) ( )
y=2.71x1073x+1.47x10?
0.9997 4-18(b)
2.0
2.3
4-1 [(2) (b) ]
Trial#  Calibration graph Linear Range(ng) Correlation
coefficient
1(a) y=2.71x107x+1.10x107 0.34-15.5 0.9999
2(a) y=2.73x10°x+1.32x107® 0.34-15.5 0.9996
3(a) y=2.70x10°x+9.20x10™ 0.34-15.5 0.9998
1(b) y=2.72x10°x+1.30x107° 0.34-15.5 0.9996
2(b) y=2.71x10°x+1.00%x107° 0.34-15.5 0.9995
3(b) y=2.74x10°x+5.00x10 0.34-15.5 0.9998
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4-2 [(c)0-10 ng (d)0-10 ng
] (GBW 07305)

Trial# Calibration graph Correlation Amount of Total
Coefficient Hg Found in the
Sediment (ng)

1(c) y=2.72x10°x+1.36x10 0.9995 5.00
2(c) y=2.70x10°x+1.37x10% 0.9995 5.07
3(c) y=2.69x10°x+1.38x10" 0.9995 5.13
1(d) y=2.68x10°x+1.31x1072 0.9996 4.89
2(d) y=2.72x10°x+1.36x10 0.9995 5.00
3(d) y=2.71x103x+1.32x10% 0.9996 4.87
X
4-3 [(e)0-10 ng (H0-10 ng ]

(CRM 016-050)

Trial# Calibration graph Correlation Amount of Total
Coefficient Hg Found in the
Sediment (ng)

1(e) y=2.73%10°x+1.50x10 0.9996 5.49
2(e) y=2.74x107°x+1.57x10° 0.9997 5.73
3(e) y=2.68x107°x+1.56%x107 0.9995 5.82
1(f) y=2.71x107°x+1.47%x10° 0.9997 5.42
2(f) y=2.71x10°x+1.40x107 0.9995 5.17

3(f) y=2.69x10°x+1.55x107 0.9999 5.58
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.00272x +|0.0136
. 999
()
(&)
e
G
2
o
(7]
o)
<
y = 0.00271x + ¢
rr = 0.9999
-10 -5 0 5 10 15 20
Amount of CH3Hg " added (ng)
4-15 (a) CHsHg" (b)
CHsHg" (GBW 07305)
I (b)) y = 0.00271x + |(0.0132
. 999
(]
(&S]
C
©
o]
S
(%2}
o]
<
(a) y = 0.00272x +(
r = 0.9996
-10 -5 0 5 10 15 20
Amount of Hg** added (ng)
4-16 (a) Hg™ (b)
Hg?* (GBW 07305)
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.00273x + 0.0150
9996
(O]
O
c
©
2
o
[72]
o]
< (a) y = . 00271x
41 - r = 0.9999
-10 5 0 5 10 15 20
Amount of CH3Hg" added (ng)
4-17 (a) CHgHg+ (b)
CHsHg" (CRM 016-050)
' (b) y = 0.00271x +|0.0147
. 9909
(]
(&)
[
©
o]
o)
(%2}
o]
< (a) vy 0.00272x
01 - roo= . 9996
-10 5 0 5 10 15 20
Amount of Hg*" added (ng)
4-18 (a) Hg?* (b)

Hg* (CRM 016-050)

58

+

+



GBW 07305 CRM
016-050 GBWO07311 BCR-CRM 580

(@) 6 GBW 07305
50 mg( 0.1 mg)
( ) 6
GBW 07305 4.80+0.12 ng
96.0+2.4 (ng/g) 4-4
certified value 100+ 20 ng/g
6 (RSD, n=6)
2.5% (
4-2) (n=6) 4.99 + 0.1 ng
99.8+ 2.0 (ng/qQ) certified value 100+ 20 ng/g
(b) 6 CRM 016-050
50 mg( 0.1 mg)
( ) 6
CRM 016-050 5.36% 0.14 ng
107.2+2.8 (ng/g) 4-4
certified value 110+ 40 ng/g
6 (RSD, n=6)
2.6%
( 43 (n=6)  5.54+ 0.23
ng 110.8+ 4.6 (ng/qQ) certified value

110+ 40 ngl/g
(c) 3 GBW 07311

59



50 mg( 0.1 mg)
( ) 3
GBW 07311 3.09+0.15 ng
61.8+3.0 (ng/Q) 4-4
certified value  72+14 ng/g
3 (RSD, n=3)
4.9%
(n=3) 3.74%= 0.14 ng
74.8+2.8 (ng/g) certified value  72+14 ng/g

(d) 3 50mg (BCR
CRM 580) pH
1000 mL rinse 1000 mL
1.00mL 3 20mL
(1 mmol pH=6.0) DMPS(500 pL of 1.2x10° M)
Cg cartridge 0.50
mL (50 pL) BCR CRM
580
1000
( ) 6 6.62+ 0.09 ng
132.4+ 1.8 (ug/g)
4-4 certified value 132+
3 (Mg/9) 6
(RSD, n=6) 1.4%
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4-4

CRM Day Amount of Hg Conc. of total Hg
Sediment (ng) in sediment (ng/g)
Samples

measured MeantS.D. This Certified

Method Value
4.68  4.80+0.12 96.0+2.4 10020
4.95
4.63
4.82
4.87
4.84
529  5.36x0.14 107.2+2.8 110+40
5.52
5.51
5.28
5.16
5.37
3.13  3.09+0.15 61.843.0 72+14
2.93
3.22
6.74°  6.62+0.09% 132.4+1.8° 13243
6.63" (H9/9) (Hg/9)
6.62°
6.50?
6.55°
6.70°

a. (50 mg) pH
1000 mL 1.00 mL (1 mmol pH=6.0)
DMPS(500 pL of 1.2x10° M) 3 C.5 cartridge(160
mgQ) 0.50 mL 50 pL
GFAAS cartridge
b. a 1000

GBW 07305

CRM 016 -050

GBW 07311

CRM 580

OO DM WNRERWNMNPFPOODMMWNDNROOGODNMWDNEPRE
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2.50 -10.0 ng (

0.5-2.0
07305 GBW 07311

(GBW

CRM 016-050)

(a).GBW 07311 96.7-98. 3%
(RSD n=3) 3.5% 4-5 (b).GBW 07305
98.9-101.2% (RSD n=6)
3.7% 4-6 (c).CRM 016-050
96.9-100.9% (RSD n=6) 4.0%
4-7
4-5 (4.00-8.00 ng) (GBW 07311)
a
Trial Amount of Hg (ng) Recovery Mean+S.D.”
No. added found (%) (%)
1 Hg?* 4.00 3.75 93.8 96.7+3.4
2 4.00 4.02 100.5
3 4.00 3.83 95.8
1 Hg** 8.00 7.81 97.6 98.3+2.7
2 8.00 8.10 101.3
3 8.00 7.68 96.0
a. 50mg (GBW 07311 0.1 mg 3.8 ng)
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4-6

(GBW 07305) 2

(2.50-10.00 ng)

Trial Amount of Hg (ng) Recovery Mean+S.D.”

No. added found (%) (%)

1 CHsHg® 2.50 2.59 103.6 99.5+3.7
2 2.50 2.44 97.6

3 2.50 2.37 94.8

1 Hg® 250 241 96.4

2 2.50 2.58 103.2

3 2.50 2.54 101.6

1 CHsHg® 5.00 4.81 96.2 98.9+2.6
2 5.00 4.93 98.6

3 5.00 5.07 101.4

1 Hg® 5.00 4.93 98.6

2 5.00 4.81 96.2

3 5.00 5.12 102.4

1 CHsHg® 7.50 7.40 98.7 99.6+1.2
2 7.50 7.52 100.3

3 7.50 7.56 100.8

1 Hg* 7,50  7.52 100.3

2 7.50 7.31 97.5

3 7.50 7.50 100.0

1 CHsHg" 10.00 10.00 100.0 101.2+1.1
2 10.00 10.11 101.1

3 10.00 10.26 102.6

1 Hg®* 10.00 10.11 101.1

2 10.00 10.00 100.0

3 10.00 10.23 102.3

a. 50mg (GBW 07305 0.1 mg 5.0 ng)
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4-7

(CRM 016-050) 2

(2.50-10.00 ng)

Trial Amount of Hg (ng) Recovery Mean+S.D.”

No. added found (%) (%)

1 CHsHg" 250  2.37 94.8 96.9+3.9
2 2.50 2.41 96.4

3 2.50 2.39 95.6

1 Hg* 250  2.37 94.8

2 2.50 2.62 104.8

3 2.50 2.37 94.8

1 CHsHg® 5.00 4.96 99.2 99.3+1.9
2 5.00 4.93 98.6

3 5.00 5.08 101.6

1 Hg® 5.00 5.04 100.8

2 5.00 4.81 96.2

3 5.00 4.96 99.2

1 CHsHg® 7.50 7.56 100.8 100.3x1.6
2 7.50 7.70 102.7

3 7.50 7.39 98.5

1 Hg* 7,50  7.52 100.3

2 7.50 7.38 98.4

3 7.50 7.56 100.8

1 CH3Hg" 10.00 10.15 101.5 100.9+0.7
2 10.00 10.07 100.7

3 10.00 10.08 100.8

1 Hg®* 10.00 10.11 101.1

2 10.00 9.96 99.6

3 10.00 10.15 101.5

a. 50mg (CRM 016-050 0.1 mg 5.5 nQ)



4. Method Detection Limit MDL
MDL 50 mg GBW 07311

Cg cartridge 0.50 mL
( 90%) cartridge #1 Cis
cartridge #1 -DMPS MDL 50 pL
12 (replicates)
(X) S
3 MDL
50 mg
6 MDL 0.34 ng
6.8 (ng/g) 4-8
4-19
50 mg GBW 07311 MDL
6.7ng/g  Huggett'*® 200-500 mg FAAS
MDL 0.1 ng/g Costly® 500 mg
AAS MDL 0.12 ng/g Balogh!*? 100 mg
CVAFS MDL 2.4 ng/lg Magalhaes®®
60 mg AAS MDL 4 ng/g Walker™
ICP-MS MDL 4 nglg
Guanhung®® 250 mg LA-ICP-MS MDL
20 ng/g Lopez-Garcial*® 10-250 mg GFAAS
MDL 100 ng/g 4-9
MDL Huggett®! Costly®? Magalhaes?® walker*®
8 9
100 ng/g™® 250 ng/lg
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4-8 MDL

Day (mg)? MDL(ng) MDL(ng/g)

1 50.1 0.34 6.8

2 50.3 0.37 7.4

3 50.2 0.29 5.8

4 50.0 0.39 7.8

5 50.2 0.32 6.4

6 50.1 0.31 6.2
Mean + S.D.” 0.34 + 0.04 6.8+0.8
a. GBW 07311

b.
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4-9 MDL

M.D.L. 30
(mg) (ng)  (ng/g)
36 2000-5000 HNO; HCI 0.2-05 0.1
6
FAAS
39 500 750 0.06 0.12
Au-amalgamator
AAS
42 100 HNO; H,SO, 0.24 2.4
65
CVAFS
44 250 HNO; H,O, 0.25 1.0
FI-ICP-MS
38 60 3 IR 1100 0.24 4.0
30
Au-amalgamator
CVAAS
43 HNO; HCI 4.0
100 1
ICP-MS
This 50 HFE 0.34 6.8
study 80 10
DMPS
GFAAS
45 250 5 20
LA-ICP-MS
40 10-250 HNO; HF sodium 1-25 100
hexametaphosphate

Slurry-GFAAS
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1.28 Absorbance 2.18
| 3 ! : i
% 11.8 mm
i 12.3 mm
% 11.9 mm

2 11.8 mm

i 11.7 mm X =11.8 mm

S=0.27 mm
_ -4

% 116 mm S =2.0x10

- y=0.00271x+0.0011
i 11.3 mm MDL=3s/m=0.32 ng

% 12.0 mm

i 12.0 mm

i 11.6 mm

2 11.9 mm

% 11.6 mm

4-19 (GBW 07311) MDL
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(real sample)

No.1
No.2 2 No.3
No.4
No.1 No.2 No.3 No.4
3 50mg
dry basis
No.1 ( )
1.68+0.03 ng 33.6+0.6 ng/g
No.2 ( ) 1.98+0.02
ng 39.6+0.4 ng/g No.3 (
2 ) 2.94+0.17 ng
58.8+£3.4 ng/g No.4 (
) 3.36+0.18 ng 67.2+3.6
ng/g 4-10
33.6 -67.2

ng/g
100 ng/g
[8]
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4-10 (No.1 No.2 No.3 No.4)

Sediment Sample* Amount of Hg (ng)® Conc. of Hg (ng/q)

Found Mean+S.D.° Found MeanzS.D.°

1.70 1.68+0.03 34.0 33.6+0.6

No.1 1.70 34.0
1.65 33.0
2.00 1.98+0.02 40.0 39.6+0.4
No.2 1.96 39.2
1.98 39.6
2.93 2.94+0.17 58.6 58.8+3.4
No.3 3.11 62.2
2.78 55.6
3.15 3.36+0.18 63.0 67.2£3.6
No.4 3.42 68.4
3.50 70.0
a. 50mg 0.1 mg
C.
2.
3 50mg (No.1 No.2 No.3 No.4)
11 12 (No.1 2.00

ng 5.00 ng Hg** No.2 2.00ng 5.00 ng Hg*™* No.3
3.00ng 6.00 ng Hg** No.4 3.00ng 6.00 ng Hg*)
4-11
4-12 4-13 4-14
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4-11 No.l @

Trial No. Amount of Hg (ng) Recovery Mean+S.D.”
added found (%) (%)
1 2.00 1.92 96.0 98.3+2.5
2 2.00 1.96 98.0
3 2.00 2.02 101.0
1 5.00 4.92 98.4 97.1+1.8
2 5.00 4.75 95.0
3 5.00 4.89 97.8
a. 50 mg (No.1 0.1 mg)
4-12 No.2 2
Trial No. Amount of Hg (ng) Recovery Mean+S.D.”
added found (%) (%)
1 2.00 2.00 100.0 100.8+2.4
2 2.00 1.98 99.0
3 2.00 2.07 103.5
1 5.00 5.10 102.0 101.7+1.4
2 5.00 5.15 103.0
3 5.00 5.01 100.2

a. 50 mg (No.2 0.1 mg)
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4-13 No.3 @

Trial No. Amount of Hg (ng) Recovery Mean+S.D.”
added found (%) (%)
1 3.00 3.20 106.7 101.5+4.7
2 3.00 3.00 100.0
3 3.00 2.93 97.7
1 6.00 5.92 98.7 99.6+0.8
2 6.00 6.00 100.0
3 6.00 6.00 100.0
a. 50 mg (No.3 0.1 mg)
4-14 No.4 2
Trial No. Amount of Hg (ng) Recovery Mean+S.D.”
added found (%) (%)
1 3.00 3.16 105.3 102.1+3.9
2 3.00 3.10 103.3
3 3.00 2.93 97.7
1 6.00 5.65 94.2 97.1+2.5
2 6.00 5.92 98.7
3 6.00 5.91 98.5

a. 50 mg (No.4 0.1 mg)
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No.1

95.0-101.0% No.2
99.0-103.5% 2
No.3 97.7-106.7%
No.4
94.2-105.3% 4-9 4-10 4-11 4-12

(n=3) 97.1-102.1% RSD 4.7%
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50 mg [GBW 07305

100+ 20 (ng/g) Hg] 7-mL
(2). 700 pL 50 pL
(2). 80 10 min
(3). pH NaOH (1 N)
6.5-7.0
(5). DMPS 500 pL of 1.2x10° M
(6).NaOAc buffer (pH=6.0) 1.0 mmol ( 1.0 mL 1.0
M)
(7). Cig cartridge 160 mg Cig particle
(Waters Co.)
(8). [ 60-120 , 30
170 ,40 1300 ,3 ( ) 1800 ,5

]

(GBW 07311 GBW 07305
CRM 016-050 BCR CRM 580)

certified value

96.7-101.2% 0.34
ng 6.8 ng/g 0.34-15.5ng 6.8 —
310 ng/g Hg

No.1
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1.68+0.03 ng
ng/g 95.0-101.0%
No.2
1.98+0.02 ng
ng/g 99.0-103.5%
No.3 2
2.94+0.17 ng
ng/g 97.6-106.0%
No.4
3.362£0.18 ng
ng/g 94.2-105.3%
1. /mL
NO,
2. NaOH

DMPS

cartridge Fe(OH)3(! )
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33.6+0.6

39.6+0.4

58.8+3.4

67.2+3.6

<100 ng/g



