
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

2014



 

 

1 

0 

1 HPLC-ICP-MS HPLC-tandem MS  

 3 

1-1.                                                           3 

1-2.                                                 6 

1-2-1.                                                            6 

1-2-2.                                                      6 

1-2-3.                                                7 

1-2-4.                                8 

1-2-5. HPLC-ICP-MS                              9 

1-2-6.                                               10 

1-3.                                                              12 

1-3-1. HPLC -tandem MS                   12 

1-3-2. HPLC-ICP-MS                           14 

1-3-3.               18 

1-4.                                                              20 

 

 

 

 

 



2 OCC-ICP-MS                

2-1.                                                          23 

2-2.                                                25 

2-2-1.                                                           25 

2-2-2.                                                         25 

2-2-3. OOC-ICP-MS           26 

2-2-4.                                         26 

2-2-5. OCC-ICP-MS  27 

2-3.                                                              28 

2-3-1. OCC-ICP-MS          28 

2-3-2. OCC-ICP-MS      30 

2-4.                                                              31 

                                                                  33 

                                                              34 

40 

 

 

 

 

 

 

 

 

 



 

 

ArCl: argon chloride 

AsV: arsenic acid 

AsBe: arsenobetaine 

AsSug: arsenosugar 

AsIII: arsinous acid 

CFIA: Canadian Food Inspection Agency 

CID: collision induced dissociation 

CPS: count per second 

DMAV: dimethylarsinic acid 

DRC-ICP-MS: dynamic reaction cell-inductively coupled plasma-mass spectrometry 

EDTA: ethylenediaminetetraacetic acid 

ESI: electrospray ionization-mass spectrometry 

FSA: Food Standard Agency 

HPLC-ICP-MS: high performance liquid chromatography-inductively coupled plasma- 

mass spectrometry 

HPLC-tandem MS: high performance liquid chromatography-tandem mass spectrometry 

IARC: International Agency for Research on Cancer  

ICP-QMS: inductively coupled plasma-quadrupole mass spectrometry 

JIS: Japanese Industrial Standards 

KED: kinetic energy discrimination 

LOD: limit of detection 

MLOQ: method limit of quantification 

MMAV: monomethylarsonic acid 



MRM: multiple reaction monitoring 

ND: not detected 

NIST: National Institute of Standard and Technology 
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HPLC-ICP-MS  
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ICP-MS HPLC-tandem MS
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ICP-MS

 

 

 



1 HPLC-ICP-MS HPLC-tandem MS
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1-1.  

[4]

 (IARC) 

IARC Monograph vol.100C (2012)[8] 
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 (Fig. 1) 

HPLC-ICP-MS

HPLC-tandem MS
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1-2.  

1-2-1.  

 ( )  

( ) HPLC-ICP-MS

 ( )  (TAMAPURE AA-100 68 %

)  ( 97 % ) 

 (NH4HCO3) HPLC

Milli-Q Element A-10 with Quantum ICP cartridge ( ) 

CRM No. 18 ( )  ( ) 

 

 

1-2-2.  

 (Table 1)  ( ) 7

 ( ) 2

-80ºC  

 

 

 

 

 

 



Table 1  Production districts of hijiki and production systems of their dried -product 

 
a) Their production systems were printed in their package .  

 

1-2-3.  

 

 0.5 g  20 mL

 (Misonix, Inc., Farmingdale, NY, USA)

3000 rpm 15  50 mL 

HPLC-ICP-MS HPLC-tandem MS  

20 mg  0.5 mL

160-170  0.5 mL

330 ºC 1 0.1 M 

 50 mL ICP-MS



(DRC)  

 

1-2-4.  

HPLC (GL Science, Tokyo, Japan)  Elan DRCII ICP-MS 

(PerkinElmer SCIEX, Concord, Ontario, Canada) 

 

HPLC  

PRP-X100 (250×4.6 mm i.d., Hamilton, Reno, Nevada, USA) : 20 mM 

NH4HCO3 (pH 8.0) 1.0 mL/min 40 °C

50 �L  

ICP-MS  

1300 W 15 L/min 1.2 L/min

1.0 L/min

m/z 75 (75As+) 77 (77ArCl+)  

PRP-X100

HPLC (Alliance 2695, Waters, USA) Quattro micro API tandem mass 

spectrometer (Waters, USA)  (ESI) 

2.0 mm 0.2 mL/min

10 µL  

tandem MS  

0.5 kV 120 °C   (

)  400 °C   600 L/h  ( )  50 L/h  

 (CID) 



 (MRM) CID ( )

MRM Table 2  

 

Table 2  Fragmemtation parameters of MRM for arsenic compounds [11] 

 

 

1-2-5. HPLC-ICP-MS  

 HPLC-ICP-MS (HPLC: HP1200 ICP-MS: HP7500cx, Agilent, CA, USA)

tandem-MS

 (PRP-X100, 250×4.6 mm i.d.) 

100 mg As/L 5 μg/L 50/μg L



100 �g/L 

0.2 mL/min  

HPLC  

20 mM NH4HCO3 (pH 9.5) 1.2 mL/min

40 ºC  50 µL m/z 75 (75As+) 72(72Ge+) 35(35Cl+)  

ICP-MS  

1500 W,  ( ) 15 L/min,  (

) 1.1 L/min

 

 (LOD) Gibbons [12] 

HPLC-ICP-MS  

LOD 0.8 1.1 0.2 0.3

0.5 μg As/L LOD  (ND) LOD

LOD 2 1 CRM No.18 (

) 75.3 ± 0.7 

�g/L 30.4 ± 0.4 �g/L (n=5)  (69 ± 

12 �g/L 36 ± 9 �g/L)  

 

1-2-6.  

0.5 % 2 mM EDTA 0.8 mM TritonX-100

1/50 Elan DRCII 

ICP-MS (PerkinElmer SCIEX, Concord, Ontario, Canada)

DRC DRC  

DRC  



 (>99.999 %) 0.3 mL/min DRC 

q (RPq) 0.5 axial field voltage 275 V 

75As

10 500 mM

LOD  (MLOQ) 

 (JIS)[13] m/z 75  77

13-17 CPS 3-7 CPS

LOD  MLOQ 0.2 �g/L 1.1 �g/L

CRM No.18 ( ) 137.5 ± 4.2 �g/L (n=5)

 (137 ± 11 �g/L)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1-3.  

1-3-1. HPLC -tandem MS  

 (#9) MRM

HPLC-tandem MS Fig. 2 HPLC-ICP-MS

7

4  (Fig. 2a)

HPLC -tandem MS Table 2 9

9

8  (Fig. 2b) HPLC-ICP-MS

[M+H]+ m/z 329 (AsSug 328) AsSug 254

AsSug 328

AsSug 391 HPLC-ICP-MS

tandem MS Fig. 3 4

 (AsSug 328 392 408 482) tandem MS

AsSug 254 AsSug 391

 (#1)  

 (#6) AsSug 391

 



 

Fig.2 HPLC-ICP-MS chromatogram (2a), and HPLC- tandem MS (MRM) 

chromatograms (2b) for a raw hijiki sample harvested in Kominto  (Sample #9) 

with mobile phase at pH 8.0. Analytical conditions are described in text.  The 

ordinates were normalized to 100 % for the base peak of each MRM 

chromatogram. (a), AsSug (Arasenosugar) 254; (b), 328; (c), 391; (d), 392; (e), 

408; (f), 482. AsIII: arsinous acid, AsV: arsenic acid, AsBe: arsenobetaine, 

DMAV: dimethylarsinic acid.  
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Fig.3  The tandem MS ion spectra of AsSug 328 (b), 392 (d), 408 (e) and 482 (f). 

 

1-3-2. HPLC-ICP-MS  

2

pH 9.5

 (#9) HPLC-ICP-MS

Fig. 4

AsSug 391 AsSug 328 AsSug 254

Fig. 2b

HPLC-tandem-MS AsSug 254

AsSug 328 1/10 AsSug 

328 4  
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9 Table 3

 (open steam system #6 #7)  

(#1-5)  (#8 #9) 

3-4

AsSug 408  (#6 #7) 

AsSug 392  (#8) 

AsSug 482   

 (#8 9)  (#6 7)

AsSug 328  (#9)  (#7) 1/3

 (#8)  (#6) 1/4

 (#7) 3.4  

(#6) 4.6 AsSug 408 AsSug 482 AsSug 

328 [14]

[15]
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1-3-3.  

Table 4

37- 119 �g As/g dw (dry 

weight)  (#5) 

 (#6) 3 18.4-81.0 

�g As/g dw 41-68 (  60 %)

25-60 %

 (#6) 
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1-4.  

HPLC-ICP-MS HPLC

HPLC-ICP-MS

HPLC-ICP-MS

4  (Fig. 2a)

HPLC-ICP-MS

HPLC-tandem-MS HPLC

MRM Fig. 2b

6

AsSug 254 AsSug 391

tandem-MS AsSug 328 AsSug 392 AsSug 408 AsSug 482

 (Fig. 3) HPLC-tandem-MS MRM

 (Fig. 2) HPLC-ICP-MS

 (Fig. 4)

 

7 2

Table 3

AsSug 328 AsSug 392 AsSug 408 AsSug 482 AsSug 391

HPLC-tandem-MS HPLC-ICP-MS

HPLC-tandem-MS

AsSug 408



AsSug 328 AsSug 392 AsSug 482  

[16,17]

[18-20]  

Shibata[18] AsSug 408 AsSug 392 AsSug 482

391 Almela[21] Raab[22] AsSug 

328 392 408 482  Schmeisser[19] 4

AsSug 408 11.3 mg 

As/kg 

AsSug 254

AsSug 328 392 408 482 [23]

6

[24]

  

2001  (Canadian Food Inspection Agency: CFIA) [25] 2004

 (Food Standards Agency : FSA) 

[26] Table 4

7 9.2-71.3 mg/kg 40 mg/kg FSA



 (77 mg/kg) 

open-steam system

[27, 28]

3.7-27.6 %

[29]

[4]

 

4 tandem-MS

HPLC-TOF-MS  (unpublished data)

HPLC-tandem-MS HPLC-ICP-MS

 

 

 

 

 

 

 

 



2 OCC-ICP-MS [30] 

 

2-1.  

IARC

1 Group 1 [31]

β2-

[32]  

[33]

[34]

[33] -

100 %

 



ICP-MS ICP-MS

[5-7] (Table 5)

10-120 �g/L[35]

10-200��g/L[36]

0.99±2.34��g/L[37] 0.229��g/L[38] 

1/10-1/100 ICP-MS

ICP-MS (SF-ICP-MS) 

( m/ m >8000) [39-41]

SF-ICP-MS

SF-ICP-MS  (m/ m 300) 

[39] [42]

ICP-MS

 (DRC) DRC-ICP-MS

SF-ICP-MS  (SPE) 

[43]

 

DRC-ICP-MS ICP-MS

 (OCC) OCC-ICP-MS

ICP-MS

 

 



Table 5   Spectral interferences for cadmium analysis using ICP-MS 

 

2-2.  

2-2-1.  

 (101.0 mg/L ) TAMAPURE 

AA-100  (68% ) 0.15 M 

 (1000 mg/L)  (1000 mg/L) 

0.15 M TAMAPURE AA-100 

 (20%; ) Triton X-100 (scintillation grade; ACROS 

ORGANICS, Antwerp, Belgium)  (EDTA; TiTriplex2, 

Merck, Darmstadt, Germany) 

 (Milli-Q-ICP-MS; )  

 

2-2-2.  

1.  (NIST, Gaithersburg, MD, USA) 

SRM2670a  (Toxic Elements in Urine) low urine  high urine



 

2. 20  (26-43

31.7 ± 4.0 ) 

-80°C

 

 

2-2-3. OOC-ICP-MS  

0.5 % 0.5 g/L Triton X-100 0.5 g/L EDTA

1/50 ICP-MS SRM2670a low 

urine 1/5  

Agilent 7500cx ICP-MS (Agilent, Santa Clara, CA, USA) OCC

 

ICP-MS   

1550 W 8.0 mm 0.9 L/min

0.23 L/min 0.4 mL/min

(He>99.999%): 4.5 mL/min

 (kinetic energy discrimination  KED) 3 V

m/z 111 (111Cd+) m/z 98 (98Mo+) m/z 103 (103Rh+)  

 

2-2-4.  

LOD MLOQ JIS

[13] LOD MLOQ 10

3 14.1 SRM 2670a high 

urine low urine ( 4.862 0.0591 µg/L)



3

5  

 

2-2-5. OCC-ICP-MS  

SPE Suzuki [43]

 (NOBIAS Chelate PA-1; 

240mg) 10mL

 15 mL 3 M  5 mL  15 mL 0.1 M  (pH 

8.6) 5 mL 2 mL 0.1 M 

 (pH 8.6) 10 mL 20 mL

10 mL

1 M  1 mL  1 mL  2 mL

 (5 �g/L) 0.1 mL

 

 

 

 

 

 

 

 

 

 



2-3.   

2-3-1. OCC-ICP-MS  

LOD 0.0002 µg/L

LOD MLOQ 0.0097 0.038 µg/L  

SRM 

2670a 3 5

Table 6  

 

Table 6  Inter-day reproducibility of the proposed method obtained from 3-day 

repeated experiments  

 

*  : The values are expressed as mean ± SD (n = 5)  

**: Relative standard deviation 

 

Table 7

SPE DRC-ICP-MS



 (Table 7)  

 

Table 7  Analysis of cadmium and molybdenum in NIST reference urine SRM 2670a 

(Toxic Elements in Urine) by OCC-ICP-MS and DRC-ICP-MS with SPE method 

 
The values are expressed as mean ± SD (n = 5)  

*  : The data are described in previous report [43] 

**: informative value 

 

 

 

 

   

 

 

 

 

 

 

 

   



2-3-2. OCC-ICP-MS SPE  

20 SPE

Fig. 5

Y = 0.95x + 0.36 (r = 0.866)

 

Fig. 5   The relationship between Cd concentrations in 20 urine samples analyzed 

using the OCC-ICP-MS with or without SPE method (Y = 0.95x + 0.36) (n=20, 

r = 0.866). 

 

 

 



2-4.  

ICP-MS

 

ICP-MS (ICP-QMS) 

SPE

[39] NIST SRM 

2670a DRC-ICP-MS

SPE [43]

SPE

KED OCC-ICP-MS

 ( ) 

KED

[44] Table 5

111Cd 111Cd



 

SF-ICP-MS LOD 0.007 µg/L

[39] LOD (0.5 µg/L)[45] 

10 LOD Bocca[39]  SF-ICP-MS

OCC

OCC ICP-MS

ICP-MS  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2001 CFIA 2004

FSA

2006

0.4 mg/kg 2010

HPLC-ICP-MS HPLC-tandem MS

 ( 1 )

ICP-MS

 ( 2 )
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