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ABSTRACT

Objectives: The method of analyzing urinary arsenic by flow injection hydride generation atomic
absorption spectrometry (FI-HG-AAS) is generally used because it shows relatively greater sensitivity, low
detection limits, low blocking action, and is simple to operate. In this study, the results of analysis
according to three pre-reductants commonly used in the FI-HG-AAS method were compared with each
other.

Methods: To analyze urinary arsenic, nineteen urine samples were collected from adults aged 43-79 years old
without occupational arsenic exposure. Analysis equipment was FI-HG-AAS (AAnalyst 800/FIAS 400, Perkin-
Elmer Inc., USA). The three pre-reductants were potassium iodide (KI/AA), C3H7NO2S (L-cysteine), and a
mixture of KI/AA and L-cysteine (KI/AA&L-cysteine).

Results: In the results of the analysis, the recovery rate of the method using KI/AA was 82.3%, 95.7% for L-
cysteine, and 123.5% for KI/AA and L-cysteine combined. When compared with the results by use of high
performance liquid chromatography inductively-coupled plasma mass spectrometry (HPLC-ICP-MS), the
method using L-cysteine was the closest to those using HPLC-ICP-MS (98.57 ug/L for HPLC-ICP-MS; 74.96
ug/L for L-cysteine; 69.23 ug/L for KI/AA and L-cysteine; 13.06 pg/L for KI/AA) and were significantly
correlated (R2=0.882). In addition, they showed the lowest coefficient of variation in the results between two
laboratories that applied the same method.

Conclusion: The efficiency of hydride generation is considered highly important to the analysis of urinary

arsenic via FI-HG-AAS. This study suggests that using L-cysteine as a pre-reductant may be suitable and the
most rational among the FI-Hg-AAS methods using pre-reductants.
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Urinary arsenic
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Table 3. Comparison results between the method using HPLC-ICP-MS with each method using 3 pre-reductants of FI-

HG-AAS
NO oty oo v (oo vy As_aLCIChAts) KIAACE) Lossinet) (G
1 175.13 256 67.37 10.13 735 262.54 87.41 7.75(8.87) 42.91(49.09) 48.28(55.23)
2 29.76 5.00 34.19 6.03 7.07 82.05 52.29 5.38(10.29) 25.31(48.40) 26.20(50.11)
3 7126 224 35.25 7.12 9.68 125.55 54.29 3.86(7.11) 22.01(40.54) 23.28(42.88)
4 2843 2.46 33.17 5.82 7.95 77.83 49.40 4.67(9.45) 27.48(55.63) 28.60(57.89)
5 1397 0.96 26.93 1.25 376  46.87 32.90 3.05(9.27) 17.61(53.53) 17.84(54.22)
6 3567 057 50.40 3.38 2.20 92.22 56.55 4.72(8.35) 31.26(55.28) 30.23(53.46)
7 2055 055 42.19 1.38 1.41 66.08 45.53 2.48(5.45) 12.77(28.05) 14.65(32.18)
8 658 1.66 29.13 2.69 5.06 45.12 38.54 3.27(8.48) 13.46(34.92) 11.93(30.95)
9 71.73 391 34.24 8.45 11.10  129.43 57.70 6.45(11.18) 28.25(48.96) 33.54(58.13)
10 61.27 131 46.56  21.19 6.60 136.93 75.66 6.60(8.72) 42.26(55.86)  22.02(29.10)
11 12438 6.51 132.86  18.21 39.74 321.70 197.32 24.43(12.38) 157.34(79.74) 159.60(80.88)
12 90.68 835 78.63 10.74 312 191.52 100.84 19.04(18.88) 80.52(79.85) 82.84(82.15)
13 4248 8.56 66.83 11.68 538 134.93 92.45 16.62(17.98) 79.73(86.24) 80.91(87.52)
14 105.74 6.44 56.75 10.11 346  182.50 76.76 14.63(19.06) 80.10(104.35) 84.09(109.55)
15 34.01 7.88 100.27 1447 2737 184.00 149.99 22.74(15.16) 130.71(87.15) 149.10(99.41)
16 40.79  4.68 99.67 28.55 56.03 229.72 188.93 17.87(9.46) 136.70(72.35) 127.15(67.30)
17 93.17 4.03 100.13 1429 1226 223.88 130.71 18.51(14.16) 136.40(104.35) 123.65(94.60)
18 81.35 249 116.51 18.64 16.59 235.58 154.23 33.06(21.44) 163.61(106.08) 161.35(104.62)
19 105.74 6.44 56.75 10.11 346 182.50 76.76 23.03(30.00) 89.18(116.18) 63.63(82.89)
20 191.00 2.19 181.02 53.24 16.62  444.07 253.07 23.00(9.09) 181.49(71.72) 95.77(37.84)
Mean 98.57 13.06(12.74) 74.96(68.91)  69.23(65.55)
p-value®” Reference <0.001* 0.134¢ 0.081¢"

DMA, dimethylarsinic acid, MMA, monomethylarsonic acid
‘rate of As concentration (%) of AAS compare with those of HPLC-ICP-MS(when concentration of HPLC-ICP-MS is 100%)

TResults of comparison of differences of mean and distribution with the reference(concentrations of urinary arsenic by HPLC-
ICP-MS analysis) by Mann-Whitney test

300.00
HPLC-ICP-MS = 31.39 + 5.17 x FI-HG-AAS(KI/AA)

R?=0615

300.00 300,00
HPLC-ICP-MS = 31.39+ 0.97 x FI-HG-AAS(KI/AA & L-cysteine)

R?=0.673

HPLC-ICP-MS = 23.04 + 1.01 x FI-HG-AAS(L-cysteine)
R?=0.882

250,00 250,00 250.00

200.00 200.00 200.00

150.00 150.00 150.00

HPLC-ICP-MS
HPLC-ICP-MS
HPLC-ICP-MS

100.00 100.00 100.00

5000 § 5000 5000

g

0.00
0.00

0.00
000

0.00

5000 10000 15000 20000 25000  300.00 5000  100.00 0.00

FI-HG-AAS(L-cysteine)

15000 20000 25000  300.00 5000  100.00

FI-HG-AAS(KI/AA & L-cysteine)

15000 20000  250.00 30000

FI-HG-AAS(KI/AA)

Fig. 1. Correlation between urinary As concentrations( by the methods of HPLC-ICP-MS(y-axis) and FI-HG-AAS(x-axis)
Dotted lines in each graph means an ideal correlation of R=1.0

o] o, KI/AAS] 73 FAAIFE 0.784(R>=0.615, HPLC-ICP-MS ®HollAe] 2 F |4 ¥4 Axe}

p<0.001), KI/AA & L-cysteinedl <& 0.821(R*=0.673,
p<0.001)©. 2 L-cysteine WHS HE&3AS o
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Table 4. Comparison of urinary As concentrations of inter-laboratories cross-check in each pre-reducing agent(Mean+SD;

ue/l)
N KI/AA L-cysteine KI/AA & L-cysteine
Lab-A Lab-B Lab-A Lab-B Lab-A Lab-B
19 12.03£820  9.77+6.54 49.58+31.93 52.59%35.55 126.92+89.65 66.90+£50.39
p-value’ 0.452 0.751 0.009
Average of inter-lab variation 16.82% 11.06% 45.92%

"Comparison of urinary As concentrations between Lab-A and Lab-B for same samples by Mann-Whitney test
T Average of coefficient variation(%)between Lab-A and Lab-B of each sample

Table 5. Limits of Detection pg/l

Pre-reducing agent LOD LOQ MDL ML Q
KI/ AA & L-cysteine 053 1.75 056 1.79
L-cysteine 0.45 1.5 0.50 1.60
KI/ AA 0.018 0.06 0.023 0.077

LOD = 3xSD , LOQ=10xSD M D L =3.14xSD, MLQ
=10xSD

=7F AFARIS] didde] | 58AY FH19
1971E 729 F&3l0] FI-HG-AASE ARS8l
= AUgE A (Lab-A) 2 234 (Lab-B)olA
z}zke] 371A] dH|BIAI S AE-sle] AR S A
Algt A3} L-cysteineRF 502 AM8-3F 49 F2
A 2pol7) Yl Aoz Jehdtl ey 7189
KIVAAS AMESH B4 fof3t ztol7t sigioyt
AAA BFoA dAs] AoHrHEE T
t}. KI/AA & L-cysteine SH|3AAE A3
AFAZ At =7 Folg Afol& e S
t Agado] vl o) A HriEe Ao
AEIATE S 7 A|lSRE A A¥Ads B A
AoA 2FEE 9F A FRe] WHolAFE A&
+ A3} KI/AA & L-cysteineS <|H|SAA| 2 o]-&
slo] 243 749 Ha HolAlTTt 45.92%9 01,
KI/AAY] 739 16.82%, L-cysteine®] 7% 11.06%=
%71 ATH(Table 4).
7k o] A& FAIEE 103 WHE 24
st EFEHAKSD)E F3t2 A E A (limit of
detection, LOD)= EFHX}e] 3u8l, 7 =S| (limit
of quantitation, LOQ)Y= XFH X}l 10815 283}
A THNIOSH, 1995; =B AATY, 1995;
IUPAC, 1997). ¥ ZAZ3A(MDL, method of

detection limity= H|:=% normal urineS Z} oH|$t

¥ o

o 32

BN

o oo b5 oo ¥ Hn
>
=2
1%

http://mwww.kseh.org/

A H2 dAEste] 72t 24 AL AA 73] 6
£ ZA e WA 3.145 F3te] ALt
3 tH(Wisconsin Department of Natural Resources,
1996; Thomsen V, 2003). B'HA A (MLQ)= %
TR 108 F3t AEsh. HESA= KL/
AA7} 0.018 pg/l Lcysteine 0.45 ug/l, KI / AA &
L-cysteine 0.53 ug/[S-= LFEFTH(Table 5).

v.n &

£

e

TFollAl, Ml 7EA] U] ERIAIE 0]-8-3)F FI-HG-
AAS Wl lo] L-cysteineS <H|SHAAZE o] &
st BAANIT s A I4eS HYoH,

HPLC-ICP-MSE -85 o] =443 Ael7t
A

om ) ge AFAE 9ste] FI-HG-AAS W
< 0|83 8% v& EAAIATE Baud b Q)
Howard®} Salou= Hydride Generation' &2 -4
317] Aol du|EQAA 2 L-cysteine H|A3}8H
& 3= BT HrehH 471 B4s)
%, & arenite[As(Ill)], arsenate[As(V)], MMAS}
DMA®] =g S7M71aL Wellase 9S 9
g Jdokal RSt ok o] AgtellA 471A]
H1&slekg Zhzhell i8] 90% o] =2 I5E
< Ao, o]= cysteine-tetrahydroborate &7t
A7} tetrahydroborate &= 2 EAE of Hr} ¢
=2 3UES A7) diEolgtar HAsinh” o
BBLAA| 24 L-cysteines AH-3F Guo 52 A-7-°l
A X arenite[As(Il)], arsenate[As(V)], MMA<}

19 of
N
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DMA®] 3]58-2 72} 100%, 100%, 96%, 95%=
YRS oH, KI/AA u|8AE AME 7%
DMAS] 3]48&0°] 10%°]set R 23 o
Spevackova & WA &9 FEE F83
A= Bgom™ 105%°] 3]F&S AU Shraim
5ol o3P dY|EJAA R L-cysteineS AFES 7
£ e A% (0.001-0.03M HCNOA ¥]4¢] 27}
F7FetATtaL Barstar Qi

TS L-cysteine> 9Fk 4 F= 3lolr] a4
2 T HAE 7 AR Sl Ases &
AA7IE B, KUVAAS] 75 25k 2Hd oA
F23Eo] =2 Aow ARG Guo T A
A4 CRM?Q Lyphochek Level 1, 2, NIST SRM
2670, Seronorm3} 4719 AA| AWMAIEE AME-3SE
o] L-cysteine?} KI/AA <|u]3A]2] 3482 Y
o AT KVAA dR|EUAE A8 3¢
Lyphochek Level 1, 2= 88.5%%} 93.4%, NIST
SRM 26702 23%, Seronorm< A7} 12 AA|
AE Ve AFAL F5dT=2 Jgs T3t v
W3 A3 AFE 253%, LFE 54.6%% FA2H 7}
g Bk

A58 FI-HG-AAS A Z=HloM e 43512 A
go] ofe]@ Hlaslelgo] HEEA] ot HAHTt
2 4 Ut} Arsenobetaine(As-B), arsenocholinez}
2 BlAselEeS FastES s &7 diE
of, ZAH oz AHHE 7R H|AslEEe] §F
[As(IIl)+As(V)*DMA+MMA] o] 3]4bd 44315
(hydrideys FAstth= 73kl HG-AAS WHol
F2 A gEr) s 2-4]0llA 7]218R= arsenosugars
7} HGOlA 384 FaslEs S 4 qlom,
gk FaskE A AlzEel wEt FaskE A
&l zolE YERd &

& AR F7] vlast wigshe vl shst
T AME e AEE e BERE 48318 FI-AAS
£ AREE o HRA S ofEA TET? v
7t HlAsislgo® AAe st aAE At
FLoA ol vasielEg BAE 79 T4k
2ol 2 1§ Qxp7h WA & Qi) 70

o]¢} o], FI-HG-AAS WS 283 8% v&
Aol Qlo] Faske A B Ao JFS
J& 593 Woln, KIAAS ou|SdA| 2 ALe
A e Bk A7 A7) SHA]

ro
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v SEyeEte] dF H7F AN E KVAAS
AME-EE FI-HG-AAS #4739 o] ARS-E|o] gom | o]
23t AFEolA HiE AFudAEe] 85 HlA
EEE KI/AAZ L-cysteine2 &&= WS &
&3k AFE0l Hlgte] AA 8] W FEE e
Atk ol HlA =Zo it vt SRIES] 3
3 X](reference valueys AAIE o] &
o 4 glon, Ju|BYAY] 57, 7 BA7R A
871719 FAx et Foldt AAE vEll=
ol A3E Hlw H7HE & Qlrke EAIEES A7)
gtk B A3 olyd EAEES AR oujEd
AE )83 FI-HG-AASH 3} HPLC-ICP-MSHS- ]
wgro2H olyst FAHES] dUS Wel T
sldh. oAl a7ke] HPLC-ICP-MS ZH|E =
142 F2 =7 A7 73 AY 49
asle Aol 1 Fx BA %
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/ AA & L-Cysteine X8|, KI / AA AA2H &
S YeRT w2k L-cysteineS SH| A=
Abgske Aol Hlsila S,

n =
7} ¥lwA E3 A2IA7E L Holw vl e
o Az 40| Uskithe BHE AT
HhEo® gol AREI Qlt) FUd AR
&to] FI-HG-AAS el #&H= Al S7<]
H]ZIA| (KI/AA, L-cysteine, KI/AA & L-cysteine)
o] ZFEZ BAERE viws A A 714 o)
WZJIE 014‘3-51— FI-HG-AAS %ol 3]0 L-cysteine

& AIQAR o83 BAAT 7V AR
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