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Arsenic Speciation Aanalysis in Bamboo Salts by Hydride Generation-ICP-AES

Byung Kyu YuT, Mu Sang Lyu, Yle Shik Sun, and Ki Sung Cho
Chemical Environmental Head Quarter, Korea Testing & Research Institute (KTR), Seoul 150-038, Korea

Abstract

As(IT) and As(V) were analyzed in bamboo salts by hydride generation ICP-AES. In order to quantify the
total amount of As in bamboo salts, AsHs was producted by reacting with 6 mol/L hydrochloric acid and NaBH,,
which was then analyzed by hydride generation ICP-AES. As(V) was quantified simultaneously after selectively
quantifying As(I). As(Il) was quantified by determining the total amount of As and then correcting for the
amount of As(Ill). To improve the reliability of the analysis we repeated the experiment several times to check
the detection limit, quantification limit, and measurements of our testing methods. According to the result of
our quantification analysis of As existing in bamboo salt, the range of total As content was 0.05 mg/kg~ 0.2

mg/kg and As(V) was over 90% of the total As.

Key words: ICP, hydride generation, bamboo salt, arsenic speciation
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E Fo As(ID¢ As(V)E EA433 o)

As(V)E As(IDZ FLA1717] 91¢ A ZA KIE A
£3te] dv] 9 F hydride generation WHOE H LS
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Table 1. Instrumental operating conditions for the HG-ICP-
AES
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Description Conditions
R.F. generator 40.68 MHz
R.F. power 1,000 W
Coolant gas flow rate 12 L/min
Auxiliary gas flow rate 1.0 L/min
Nebulizer gas flow rate 1.4 L/min
Sample uptake flow 1.00 mg/min

Nebulizer Concentric type
Spray chamber Cyclonic type
Torch Demountable
Plasma viewing Radial type
Wavelength 189.042 nm
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Bz I9E SAEY FX)(DigiPREP MD, SCP science,
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Fig. 1. Schematic diagram of hydride generator system.
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M

(Sigma Aldrich Co., St. Louis, MO, USA)°]1 2™, As(V)
3 ¢EL NaHAsOs - TH.0(Sigma Aldrich Co.)2 U4 %
S Hs) 2 52 F 1000 mg/LY] stock solutionS ZA] 8}
o] ALg-3t AT

du] Y-S 93 Ao Z A Ki(Kanto Co., Tokyo, Ja-
pan), &A1 NaBH,(Junsei Chemical Co., Tokyo, Japan),
I3 As(Ie] #2] S 23l AH8-E citric acid(Junsei
Chemical Co.), trisodium citrate(Junsei Chemical Co.)S A}
L3lF T =3 A AME-gF HCI, HNO;, HE9F HoSOs=
e A 7FEE Ak AFAIR]D F9-8173 (F)( 4 Ko-
rea)9] EP-S7 Aot} A8 & 13, 3], 68, 935|714 +
AR A A, B, CAe] SEAIE B 93] SHAFH 59
Az AHgEE AL, T 2 FEE 4390 7
Z1RlAe] FEE B4 Rl A8 AFHEFEA 74054,
seaweed(NMI]J, Tsukuba, Japan)S EFAIEZ AFE3H
o, ugzt 2 w@HEE AZE2A4 NaCl(Wako Co.,
Osaka, Japan) A 55 AFS-3FY T

Z FoH|x 2ME 2lst AlZe| X

H Ao AFEEE polypropylene tube, H|Z & H|# 9} B E
FTEAFSS 1 mol/L g4kl §74 3= HDPE ol 4843t
59 @S & class 1 0009] clean room QtllA /T2
A3 clean bench SHAlA AZA|A A8 Wj71A] o]F PE
A7 Wl wol ALg-sAT

AIEH 599 FHAE E4317] A8 eI = 50
mL polypropylene tubed] A& 5 g2 ¥i 1 mol/L |4k
50 mLE 7}l v E 23 B ZE IZHE SAEY 9] hold-
erdl 2ol 16A17F 5 80°CE 71E &85t ok

W75 435171 falA Al 50 goll AR =7 &
o} A7|2A 500°C7HA] ==& AA3] &8 38A1Z] &
WZEA 7 2, HNO;3 10 mLe} HoSO4 5 mLE #7189
clean bench ¢te] 7tgato 2 7h G288t Ealj7f &5 5
W 7tERe] 2EE &7 Aol 2mL BAx 2 wj7hA] W
S B & ES MUt EE59 42 o 5B AEFCI
2 3 Al ES JUste] 50 mL7tA 344170 AS
AEZ AT
A5 gsiA= 100 mL HZ2 H[#AY A8 5 g&
3l HNOs 10 mL, HF 5 mL 28] 322 H.SO4 2 mL
clean bench ¢+l 71d o7 AR st FA
o S AnE EHZE ¥)F o L% A BES
3] #ola, 50 mL F3] F&2=3d AEF o] 5BE
ES VM =57HA Al s EAAER ST
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As(IDeF As(V)E A Zsl7]ol A As(V)E As(ID=E
9] oA H|EPS 3] 5% KI-5% ascorbic acid 2 mLE &
Ak A 5ol ¥ ARG F FAFELYZAE o] &3}

o] 1.5% NaBH42t 6 mol/L @4t} ®E-g-3to] AAdE AsH:E
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’ Sample weighing ‘
’ Extraction ‘
—With 80°C, HCI (1 mol/L)
—For 16 hr
’ Filtration ‘
—KI
: Igiilrgilcrhacid — NaBH,
—HCI (6 mol/L)

As(I) analysis As(Ill)+As(V) analysis
by HG-ICP-AES by HG-ICPOAES

Fig. 2. Pre-treatment for As speciation by HG-ICP-AES.

ICP-AESE EA3lo] & F7u 49 S F-8faL, As(I)
o] BA4& 93l 6 mol/L F4F th4l 10% citric acid 50 mL,
1 mol/L trisodium citrate 200 mL& &3sls pH 5~69]
citrate/citric acid &F&H o2 As(E FHF3 F F F7)

[e]
3kdtk. 0.1 mol/L NaOHell =<1 1.5% NaBH,& 92 #4)3}

7] ARl 5o} 045 yim] 4TS BAAA AL F A}

&3 At (Fig. 2).

X = 212|(quality control) EX}

F23EIAY-ICPE o] &3 AF9 Hl& T 24
el dig 49 - AT =E A5ty B5sle] A|g4ax
o] A3 |48 3317 913 AX}FE Table 29 YERAR]
o A=EE 24EE AARAIAHAY A4 HAE, YHAET
A 2 AZ] HAhFFE FEANE UE 275845 WA
A7 59 A=B2A 8o U 348 S A

2ot 8 JE

As(lNe} As(V)e| AlSAMZ|ol CHS&E ditric acide} HC

szo| o

FA3E LAY -ICPE o] &3 As(I)eF As(V)e] A3 A
710l &t citric acid®} HCl 559 93-S Lolr 7] 93t
citric acid®} HCl =& W3 7|HA SFAEY A7E

Table 2. Quality control procedure

Division

Calibration and
standardization

mean calibration factor (CFy,)
calibration verification

Initial demonstration
of laboratory
capability

method detection limit (MDL)
minimum level (ML)

initial precision and recovery (IPR)
quality control sample (QCS)

Analysis of blanks

method blanks

Method accuracy

matrix spike (MS)
matrix spike duplicate (MSD)

Ongoing precision
and recovery

ongoing precision and recovery (OPR)

—=u—0.2 MHCI AS(|[|)
e 0.5MHCI
4 0.7 MHCI )
s00004| —¥— 1.0 MHCI R w
1.5 M HCI iy
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Citric acid conc. (%)

Fig. 3. Effect of citric acid and HCI concentration on in-
tensity of 0.01 mg/L As(II).

SAst At AHE-E NaBH.S] w5 15%°]th ouf AM&-€
As(I9] F=+ 0.01 mg/Lel™, HCl %< 0.2 mol/L, 0.5
mol/L, 0.7 mol/L, 1.0 mol/L 28] 1L 1.5 mol/Lo]|™, Z+2+9]
FTEO)A citric acid 3EE 0.10%°1 4] 25%7}A] H3}A| 7]
HA] ZZbol gk As(IDY] 2B A 71E Al i ZH 3}
TS FatFtHFig. 3). A O = citric acid¢} HCl &
= 7S ® As(De] AsA7= S7hete AdE
Byon Hu9 AEA 7= HCl 5% 1.0 mol/LallA 18]
I citric acid®] % 20%E AHE3IHS w oA} 3
As(V)2] Az A 7]d tf3gt citric acid?} HCl =9 H3S
ZAFSA T AFEE As(V)S] == 0.01 mg/Lolw o]
A+ HCl 5 =9} citric acid 5+ As(I2] 2l & A7) 2]
FES ZAS w2 okth(Fig. 4).

As(V)9] A F A7) citric acid®} HCl 5%=5 F7HA 7
< W Ag \Er dEhA ke, HCl 5% 1.5 mol/L
oM Z2F L citric acid®] FE 25%S AFEEAS W <t
S7tete A4S RAT. $A428EEA-ICPE o] 83 As
(I, As(V)e] #skgwalol that 1.5% NaBH,o| 5=
4] HCl 5% 1.0 mol/L, citric acid®] &% 2.0%ZS AF&-3}9
< o As(ID¥Hs 49 298 F Uth

¢

off,

As(V)
—a— 0.2 M HCI
g‘z‘gg: e 0.5MHCI
9000 ] 0.7 M HCI
8800 | —v— 1.0 M HCI
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Fig. 4. Effect of citric acid and HCI concentration on in-
tensity of 0.01 mg/L As(V).
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Fig. 5. Calibration curve for total inorganic arsenic by HG-
ICP-AES.

[e) RLN
o] thet BHSZE(R, response) & thE-3} o] g on,
AR EFHAE 1.6% =2 YJEFGETH(Table 3).
Ry

CF" calibration factor
Ry height of the signal for As

C concentration of As standard injected

e}

=2

N
N

%k 5 1587} 10 ng/LY] 5=7t HES EF&
A& 713k 7709 matrix spike sampleZ FH]3}lo] E24}
wre} WHESle] SA%ta WHESA Alo] o xFE A9}
98% A FH A9 A= n-19 t-EEXFS FH3to 1313
o, Ao HA2xFFML)S EEHA 10813 &S A&
3l 4 tH(Table 4). F43EHA-ICPE ©] &3ty 4 Fol
Z3E As(ID} As(V)e #4485 93 MDL2 0.003 mg/
kg, MLE 0.01 mg/kge] it

%758 7135 (PR, initial precision and recovery)< W

o

Table 3. Calibration factor for total inorganic arsenic by HG-
ICP-AES
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Table 4. Method detection limit and minimum level of As by
HG-ICP-AES

Matrix spike sample Net intensity Concentration (ng/L)

As standard Mean calibration

Net intensity

(mg/L) factor (CFn)
0 7432
0.001 13,073 g’i‘éé
0.01 62,09 o0
0.05 283173 :
SD 90.2
RSD (%) 16

1 12,211 0.89

2 12,637 0.97

3 13,144 1.07

4 13,405 1.12

5 12,084 0.87

6 12,462 0.94

7 13,104 1.06
Standard deviation 0.095
Detection limit 0.30
Method detection limit" 0.003 mg/kg
Minimum level” 0.01 mg/kg

YDetection limit: dilution factor (10).

AEDE FERER- DEMIEE
T BA AFAT AR 16 Bl As e
F(MS, matrix spike)$} mj A H 7} o] F A E(MSD, matrix
spike duplicate)®] H{3|FE&3 AW E S (RPD,
relative percent difference)2 t+23 o] 3} Table 6
o Ve ATh
RPD= 100 x 1|Dl_ Dy

5 (D,+ D,)
RPD: relative percent difference

Dy: concentration of analyte in the MS sample

Dy concentration of analyte in the MSD sample

(i)

A A B(QCS, quality control sample)E NMIJ<]
CRM 7405-a, seaweedZ 0.2 g # 3l &HH £y u}
g & FIHAS EYsta nAgES B4 23 As
(V)9] gtEo] 96406 mg/kgl & 95.0%9 HH3+-S2
e AtH(Table 7).

el L=
=

3

A=A EE 4G Aga 2o g ZYR
F=g NEdel AZEZEAY A BH=S vl

Table 5. Initial precision and recovery with HG-ICP-AES
Metal Amount

Average found RecoveryZ) cv?

ions  added” (ng) (mg/kg) (%) (%)
As(II) 1 0.18 92 3.8
As(V) 1 0.21 104 2.7

Y Amount of standard solution spiked in sample: 1 pg (1 mg/L
x1 mL).

?)Mean values obtained form five measurements.

YCoefficient of variation: (standard deviation/ mean)<100 (n=5).
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Table 6. Relative percent difference in MS/MSD with HG-ICP-AES

Metal ions  Sample 1 (mg/kg) Amount added” (uyg) MS (mg/kg) MSD (mg/kg) Average recovery (%) RPD (%)
As(I) 0.02 1 0.19 0.17 82 11
As(V) 0.16 1 0.37 0.40 107 8

YAmount of standard solution spiked in sample: 1 pg (1 mg/L * 1 mL).

Table 7. Recovery in quality control sample with HG-ICP-AES

Measured value"
(mg/kg)

Certified value

Metal ions (mg/ke)

Average recovery (R)
(%) (%) (%)

SR? of the recovery Recovery interval”

As(V) 10.1+£0.5 9.6+0.6

95.0 6.2

82~107

Yn=7. PSR=standard deviation of the recovery. 3>Roecovery interval=R-2SR to R+2SR.

A Aoz B g folAo] gles el
3} HTable 8).

— 2 2
Upmon = V YcrMm + Upness
- [ 2
|‘rCH[lJ ‘rmftss‘ =k Uecrm + Upess

Tops NEXFEHDY] B4/
wrrbe&s: %Xé Oﬂ 9]?} 1%%}:
Uepyr VeRTEZY A 2T B3
Upess: B BT
k: 95%¢] A ¢Fol sFste 23U
= 5 5 0.6
% 54 9P A0 = 0z
3 5 0.5
AsiFEAe] = (ucpy) > 0.25

mJ

A AR AYE TFEAA R, A8 AXe, 243

A A, AR FEEY 59 Axpe wel o] o] FoH

o 7 gAEE BIdE Q2<% Fig. 69 JeliUT =4
C

Fol Wlae] FFHFHC,)S vl wet Axts At
c C,o X VX F
As w
W A & (g)

Gt ICP Z7 0l 93 vl&e] Fk(mg/L)

Vo AFHo R F33 A g8 F3(mL)

F: 34w

A71M well e Ed=e Ao wgdH Mt A2

AP 2RE IS dRE EFEE T

Table 8. Assessment of bias using CRM with HG-ICP-AES

NMIJe] CRM 7405-a, seaweed
As(V) (mg/kg)
10.1+0.5 (k=2)

u’n(”sﬁ' 0-23
Ucrm 0.25
Uy om 0.34
k 2
Decision | 051 < 068

No evidence of significant bias

W
L I Calibration
Repeatability
Fepeatability

Calibration T emperatre

c(As)

Wolumetric
Callbration

— flask
N ¥ cRM
Fipette /

Standard solution
Cro

Fig. 6. Uncertainty sources in arsenic determination.

WHPHAY B8 EE BE 2YEE IR Y3
2 A3t A Ui B rE AFETS AFEEHY
103] W55 o5t B8 =E 4EsAth

Vo bt B3 r e 53 Fetade] wgHAA, 2=
slol| o5t FoHyAATo B, Faxd BwFrd g&
HHEZAd o5 B E Tt FARFELEE &
slgen, ¢ B8 E RFEY Az 93 BFgxe 7
AR B2 RE P3P RFEY Azl tig &
gre xFEAL 9, Ry Fgt2ae BEEEE Iy
FAREZEZEE A=A

O|ZRE yehd ICPEA 3t vl HAFHAL
o= 2

A =C X B, + B,

A A RFEAS A8 544 7] (cont.)

Gt A EFEH B4 F=(mg/L)

B: AA39] 7]1& 7] (count/(mg/L))

By A73/1¢] A H(count)

2}

Al AARZA 71€71(BYE 5,583,111 (count/(mg/
L)elar, y= AH(By)S 7,241 (count) 2 AAFE AT AA =
Aol e B (u,,)E U HozRE F39.

s [1 1 (0,-0)
e = [P RT a
(¢ —-0)
i=1
S el FEAx}
P AEEe] ZH35
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Table 9. Summary of values, uncertainties and degrees of
freedom associated for As measured by HG-ICP-AES
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Table 10. Analytical results for As speciation in bamboo salt
by HG-ICP-AES

; Relative )
Quantity  Value Stdr;tda}rcti Standard Dfegredes of
uncertainty o coingy reedom
w 5.0026 0.0002 0.00004 208
|4 50.04 0.0359 0.00072 285
e} 0.014 0.0015 0.10714 64

~z0

A% A4 A5

(0.014— 0.02)?

* 0.005 012

=0.001 156 mg/L
HG-ICPE ©]&3 4 9 HALEAN W & &5
T 8059 AUEFES == Table 99 2t

ug, = v0.000042+ 0.00072°+ 0.10714% x 0.14 = 0.015

mg/kg v, = ©
95% A=A fFEATE (o, )7} oo t-BEF
A ke 1.960|2 2 Q’Q‘%QE(@% 1.96x<0.015=0.029
mg/kgolth.
w2t HG-ICPE °] 83 £9 9 Ase 334 A<}
B35+ 0.14 mg/kg+0.03 mg/kg(95% A2+, ~1.96)
o2 Uetth

FGAE B9 H|A B2 24

Z99] Az AMEEE 98 A99T 13, 33, 63], 93]
7R 748 A E FE9 AU S ve AF5ES KIERE
AFgrel vlA& FHE £48 A3 AEZ Ao,
ALY g 9 ¢lol e, BAL CALY £2¥E 9 =
doll = A4S HAAEATH

9] Az i3 AMEEHE huFe & Fons g
< 0.003 mg/kgo- 2 F3] vF AEHAJOH, FE= 1.23
mg/kg o2 w9 F& FFS YT T3 vt o g
98 HIdFogHE 93] =ANA AXFH 5= =
718149 s 003 mg/kgol A 0.10 mg/kgl 2 Eo%t
o Z<do e dagle]l T Friviae FFE 0.05
mg/kgol A 021 mg/kg AT 2 YESTH
Ao 2 oy B3r 95y FFESLE 4
sl 49 Fo] EA5HE As] B =S 73 A3} As9
Feko)] 0.14 mg/kgell thate] BFESF =7} 0.03 mg/ke(95
% ANIFE, 19602 HF AR 21%E e AT
As(I2} As(V)e] F82 £4& 3 dae tFE As(V)
o] Y= EA st Aoz Jegon E2de e BAS)
CAFSl S92 As(ID9] o] Z42F 0.02 mg/kg 2 & 7
718l & FHEFel 14.3%9F 95%E xFA 34 tH(Table 10).

4 T HAE BAT W dutde s AeT M &

pZs

‘_l._l‘
o FEAY Fehzrb QA ACP-

o i
i

al

A
~

M
rE o
fru

(7
IO
=

Amount (mg/kg)

Sample Total

. - As(I) As(V)
inorganic As
Bamboo 0.003 — —
Red clay 1.23 — —
Solar salt 0.03 <0.01 0.02~0.03
Precess 1st salt 0.03 <0.01 0.02~0.03
3th salt 0.05 <0.01 0.04~0.05
6th salt 0.07 <0.01 0.06~0.07
9th salt 0.10 <0.01 0.09~0.10
Violet 0.05 <0.01 0.04~0.05
Product Powder A 0.09 <0.01 0.08~0.09
(bamboo Powder B 0.14 0.02 0.12
salt)  Powder C 0.21 0.02 0.19
Granule 0.07 <0.01 0.06~0.07
MS)& ArCl (m/z=75)%} 32o] Tzt o] e o3k ~HEY
9T L Nast 2o] 0|23} U7} ke FEFE|S
of & M2 EY YIS WA Dok o)l YA
< AA}7] A EEC] J3 AANHAAR 54 F9
EA5E HAE BY517]d e AV Ja, vlae] Ry
= 98] HPLCE couplingd}™® Alg9] FUako] Lzo g
Ag= oz vlie] HESAI FobA Hlide FHE g9l
g 7} gloh
o] A= F43ERAY-ICP-AESE o] &3l 549
Zo EAste FrHAe FEYE AAS A IHAE
SHAIE 0.003 mg/kg, A FTAE 001 mg/kgo 2 21 F 94
F&

Ml ALY, AALF, BE - 5T, ZALT, 7
F 90 JlehaF 59 4FNA 3
me/kg S A7) AT B

st

o] AFoM = Hlie] FieE A& 5t FastET
A-ICP-AESE o]&3to] F7]u4e] As(I2t As(V)9
2B A7)l th3 citric acid9t HCl s=2] 9GS ZAFSHA
t}. 15% NaBH;9] F%=olA HCl %= 1.0 mol/L, citric acid
9] FE 20%E AHESIR S W As(ID¥HE A9 288 5
AL, A= Axpell wet EANHES TIPS o o
E3Al+= 0.003 mg/kg, A ZFA= 0.01 mg/kge = At
A
A

o+

om, Age] WAAS FAstr] AF v E G

Lo oY ¥o

H

=

=

i A=AAE B9 J45EL 80%~110%, A
2AE 62%E AUE 9 ALy E BET wI FEFS
el itk old el A=der 82 B3 A7z vt
B0 o3t Z2AHBIEE &3l ATEFEAY UAF
#H BIEE vl 5 A FoEzR EAER e ts
oj o] S EAtATE Egh o] AFellA AtE EA
Hol| we} £ Foll A8t F F7v4 B85 b4 £
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e B4 AN A3 F FU A9 e 005 mg/kg
oA 021 mg/kg BER YER O™, 4 g o
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