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Abstract:

[ Objective | To establish a method for determination of four arsenic species in drinking water by high performance liquid
chromatography-hydride generation-atomic fluorescence spectrometry (HPLC-HG-AFS).

[ Methods | Arsenic speciation in water was separated by high performance liquid chromatography, and qualitatively and
quantitatively determined by atomic fluorescence spectrometry. Experimental conditions were optimized including potassium
borohydride mass fraction, hydrochloric acid volume fraction, sodium hydroxide mass fraction, buffer concentration, and solution

pH. Then the method was applied to actual water samples.

[ Results | The detection limits of arsenic (II), monomethylarsenic acid (MMA), dimethylarsenic acid (DMA), and arsenic (V)
were 0.36, 0.69, 0.39, and 2.34 pg/L, respectively. All correlation coefficients were greater than 0.999. The standard recovery rates
were 95.7%-107.9%. The relative standard deviations were 0.23%-9.31%.

[ Conclusion | HPLC-HG-AFS is featured by low detection limit and high precision with accurate and reliable testing results for

determination of arsenic speciation in drinking water.
Keywords: high performance liquid chromatography; atomic fluorescence; arsenic; speciation; drinking water

Citation: SONG Guan-yi, MEI Yong, SHANG Li, et al. Determination of four arsenic species in drinking water by high performance liquid
chromatography-hydride generation-atomic fluorescence spectrometry[J]. Journal of Environmental and Occupational Medicine, 2017, 34(4):

350-353. DOI: 10.13213/j.cnki.jeom.2017.16615

AEBFRAAR T LR E AR F R R

[EZ R IR (1991—), L, BitAz; WF5EJia): AR 51592 ; E-mail: 492630602@qq.com
[BEE1EE IR R, E-mail: songshizhen@wust.edu.cn

[ VEE AL LBURHE I B A T 2 B O S U S sl b4 B s 93, i i 430065



http://jeom.scde.sh.cn:8081  FREE 5T PE4 (] Environ Occup Med ) 2017, 34(4) + 351 -

i (As) Ee—MEA RS ERENIESE LR,
IR ARSI AT AL, FERss h s e e A
SR8 14 A 5 Y i — A S P A2 K i
PRIR 24 . ASRIE, BT A ALk
WA & AR SR B s N TR, E2E by ) It
KRR bR R R 7K R A K 43 s
N IR GV N = N T E R By S
BB e LA R R K R R AR TE
FE R =AMl AsC I ) ], —H AR (MMA ), —
H LA R ( DMA ) R TN A [ As(V) 117, Rk
BB A P B A AR R R s LS, B
ZRWARK 0 DRSOt (LDs ) 3, HEE PRk
W H As( T )>As(V)>SMMASDMAY HT, F AT
AR K HR R A R 2 BRI A AR, SR
TEAED o T LA S I 2R T AR 2R, AN
REVHEA S B 1) 22 5 /KT BT IR | AR AR AR Y
S, BRIL, XA 25 FROE 25 0 64 T o Al e LA
FRE R AR RS R R AR IR
BT, AR EIEEI PR Akl AT A
TEOTERE PR B, SRIG e L S L A b i & AL
B - TN SRR B I TR B TRV T T A T A AR A
WIFRSIIE A AR ASAMERA, Ha b S EE
W E, S AA SRR PRt

1 #Rl5HE
1.1 EZZRE 5K

XA PRS2 0BT SAS WAH 5 i &
S ATALCAb 538 A ad s A R TTAEA |, ),
PRP-X100 [ 8 7 22 4 #: (4.1 mm x 250 mm, 10 pm ),
PRP-X100 f£4/#F ( 2.3 mm x 25 mm, 12~20 um )( Hamilton,
Bl ), pHAXC B R A BRAF, HE ), TR
( Ohaus, FEH ),

WA AR A k. WA LA "E AL
B R R (I 25 B H Ak = iR A R A AL h
), FLA2 0.45 um 7K 3 i R 21 4 3R AL 8 R f b
BIM TSR ABRTTAE A A, TE ), (1.011+
0.016 ) umol/L As( 1 ), (0.335 +0.011 ) umoL/L. MMA |
(0.706 + 0.024 ) pmoL/L. DMA . (0.233 +0.005 ) pmol/L
As( V FREZE R ( GBW08666, GBW08668, GBW08669,
GBWO08667; HrE TRl sE b, HE ),
12 KHRE

40 24 K ARG EE T 2016482 A b st | i

| B LU L I 7 N 07 N i B L R 9 4 )
RO IRPI MR Z R A RKEIFK 05 L, #
M TE I T s S %, 4 C VKR PRAT , MCRFER 5
N E B 2d, FelK 7d,
1.3 Hfomara

P K EE 7 9 2 £LA% 0.45 um 7K & i PR 21 4k R AL
TEREUE IS, FF20.45 pm — R MK R A iR g
fr it PEIERE
1.4 nEFEH
141 FAEEIES T WS BERE T T
WA WshiHfE: 1.0mL/min; $EFEE . 100puL,
142 FEFrobmlEg&s R RE XA
FAb; AL ESIREE . 200°C; JRFALES i E: 8em;
SeHL A SR 330V; JTHLR SOmA; A (&
4GSO WA 300mL/min; BEECHFA]: 15 min.
1.5 Rl EsFH*

PIBR R IR e, DA TR B o
1.6 A TAE iy 2%, 49 A )

A3 BIE0.5 mL As( T ), 2.0mL As( V), 1.0mL MMA .
0.5 mL DMA AR HEZ T 100 mL 25 w0, F 2818 0K
ER B, VENHERE AR, B 4 CUKFA R 5
FH, ISR TS A 10mL BRI VRS TR et
B RKINA0.0, 2.0, 4.0, 8.0 F1 10.0mLARVERE 2T,
LA AIIIA 10.0, 8.0, 6.0, 2.0 F10.0mLZZ1#K , 1R5],
BE il % 2 50 bR AE S W 0.00, 22.37 ., 4475, 89.50 Fil
111.87 ug/L 1 AsC TN )% M; 0.00. 23.33, 46.66., 93.31
H1116.64 ug/L I As(V )W 0.00. 16.63, 33.26. 66.53
H183.16 pg/L 1Y MMA ¥ #; 0.00, 17.53, 35.06, 70.13
1187.66 pg/L At DMA V7 .

2 R

2.1 FEIREARAL

211 ZWwRRERESRENKE K5
Be il A 1.5 2.0, 2.5 F1 3.0 of/L Ji7 fat Mk B RO B IR S — ¢
GE oW, R AR W e Bt R P [ AsC T ) 2y
111.87 ug/L; As(V ) A 116.64pg/L; MMA 4 83.16 ug/L;
DMA Jy 87.66 png/L | i FE, WLEEA [R] Jo7 & Wk J32 22 vl
XoF D T 2 S e O F B S0 o 25 SR AL 1 iR
WL A AR 2.0 /LB, DURNE 256 1998t
M 7 F A e o PRI, A S0 2 i FH 2.0 g/Lo fRFF
HALAAAE, AURF 5L 10% B9 H RV HCRE 2.0 ¢/L
MR A R A A 2 pH 43912 5.0, 6.0, 7.0 8.0



- 352 - http://jeom.scde.sh.cn:8081  FREE S K~ (] Environ Occup Med ) 2017, 34(4)

Bt UL DU AR 25 B0 St e 1oy (1 1 A8 Ak o 25 SR ] 2
JIT7R, 75 pH Ry 6.0 BsF, U B 2 At o) 1o {1 B K o 0 AR
SEERHER pH R 6.0 TV FE N 2.0 o/ L IR S — 4
G2 R

1500
1300 J//////E\\\\\\
-
z 1100
& 900
,]3
= o
5 700 —_ @ —
% /74.; \%_/é
#;% O
500
— —
300 ‘ :

15 20 25 3.0
e B (/L)
~~As (1) —<-DMA —MMA —~As (V)

El1 AEFRERE S M xS I Fh 250 5 S e B {5 B 5200

1250 ?/////L\\\\J
1100 \\\\\\

=
=
pou
=
| ]
£ /
500
L S Vo )
I ! ! Y
5.0 6.0 7.0 8.0
ZnliipH
——As (IT) <0-DMA ——MMA —=—As (V)

B2 A[E) pH {E X I 25HH 5 St Nie Rz {8 B9 7200

2,12 #HEBERoHEE  HEERERSECN 5.0%.
6.0% . 7.0% . 8.0% [N FRIRV WL, FH b3 bm v v i) i
e T R B A, SN [ AR S B 2R R ) pU A
AR D B AE R RZ I . S5 AN E 3 R, EhERik
FUTHCA 7.0% B, 2 W AEFc s

1400
o /
-
E 1000
F|
5 800 .
= 0O g &
D o600 —
R -
400| —
F\T/
200 Il ; Il 1
5.0 6.0 7.0 8.0

HRRRABUI S (%)
—~—As (LI) <~DMA —MMA —~As (V)

B3 EMAFR S Bk B 0 75 5 S ey Bz B 32 i)

213 HWAMEFES BN FH R E 5
F91.0% . 1.5% . 2.0% . 2.5% (T AL 5 W, R
b R A R e R T AR A B, BB [R)
Vo QiR TESR At DO RS By IR (ERER A S 3
SEALFH, AL T EO 2.0% B, B

JVAELHR 5
214 ARMHMFELKH R BCH R

] 0.25% . 0.50% . 0.75% . 1.00% H S EALINIE T, K
FH 3R YV VR 1) e v Jo i 43 BEGHEAE, REE0 i)
IVRIEN R S e e ) e =R LV e )
0.50% I, 2t WA e i
22 MBS R R E IR

AR E R ST FINE FE T AR, 54> BTk AR
R IR PA T 3URIBCE- M, F it 4 X
H: AsC ), y=339.87x+270.16, R=0.999 5, # M} 7l Fil
0.36~111.87 pg/L; MMA, $=175.99x+38.534, R=0.999
9, KL 0.69~83.16 ug/L; DMA, y=158.87x+78.891,
R=0.9997, #; H7EH 0.39~87.66pg/L; As(V), y=94.483x+
99.209, R=0.999 1, #& M} 35 [l 2.34~ 116.64 pg/L. 1E1YL
s ARSI AERT, DKL 3 1505 (i 7EAn i i Ze i
AL, 55 AsC T ), MMA . DMA FTAs( V) 1Y
K BR 4514 0.36 ., 0.69 . 0.39 F12.34 pg/L,
23 FikEDRFEFME R

S3HIEL 1.0, 5.0 F19.0mL TR AR AsC )
F111.87pe/L; As(V )R 116.64ug/l; MMA 4 83.16 pg/L;
DMA 4y 87.66 pg/L ], HCIK AN A 9.0, 5.0 Fl 1.0 mL i 4f
K, ARITEER 1. 3. 6 RVATHERE, Ak S
WIZE 6K, A5 /R S AR S 95.7%~107.9%,
AR FRE 25 ( RSD ) 4 0.23%~9.31%( W3 1),

Fx1 HERKERBZE(n=6)
MEPT IbME(pg/L) FHECR(%)  HNRSD(%)  HIAIRSD( %)

As(IM) 11.19 102.9 0.88~2.25 0.23
55.94 105.2 0.64~4.98 8.78

100.68 95.7 1.29~ 4.49 3.18

MMA 8.32 101.9 1.08~5.18 0.92
41.58 99.3 0.67~6.95 4.58

74.84 103.4 0.34~6.12 6.10

DMA 8.77 103.1 0.57~7.73 7.13
43.83 99.4 2.34~7.45 5.19

78.89 105.7 1.61~1.99 2.03

As(V) 11.67 107.9 3.25~9.31 4.67
58.32 103.1 0.95~2.52 2.30

104.98 100.1 1.13~3.51 3.19




http://jeom.sede.sh.cn:8081  FREE 5T PE 4 (] Environ Occup Med ) 2017, 34(4) + 353 -

24 HEBXEER

Z: M R AL SR A5 1, PRI 25 A b HE VS W
[AsCTT )M 111.87 pg/L; As(V) K 116.64 pg/L; MMA
4 83.16 ug/L; DMA 2y 87.66 png/L | a3 ILIE 4.

1 000
900
800

700 DMA
600 MMA

As (D)

500
400
300
200 : ‘ ‘

0.0 2.0 4.0 6.0 8.0 10.0 12.0
A ('min )

B4 mAESHESIRERRBEIEE

As(V)

TEIEMINAE (mV)

2.5 SRR

R 40 13 > F 4 [ 45 1 Y A2 36 IO K BE , A4
3015 F R KA 1043 oK, o 15 HoK KR i H
As(V)CULES), HARPRR MRS 76 LR Rk
HIE S A ACRE FR BEAILEE 5 1 F SRk L 5 ok,
10 BE & R o B A BRI BRI, A KRR 3
W, BOEYAE, W B~ F- 2R S AR e R 94.4%~
107.8%, BiAHZ 7 L HER AT 4

600
500
=
£
= 400
E
= As(V)
R 300
N W/k
200
0.0 2.0 4.0 6.0 8.0 100 120
] (min )
B 5 FokiEmpEiLE
3 iTig

AW T = SO 3 - Sk & - T
96 (HPLC-HG-AFS ) 156 F B AR 2 A= 16 T FH 7K A
FPTE 250 (ARG 3, 38 2o o B S Ak B o 1 0 4L R
PR i A AN T i 0 B 5% ol o o VA R
pH 25, DAk 7K HIE 25l HPLC-HG-AFS Bk
WE Tk, AR A SIS R I B . %

IEFEATTAR PR AR, ARG PG AL, 284142045
um 7K R BERRET A2 AL IR EA DR R R, RA
B R R . A AR AT R, S T AR TR ORK
A FTE S BN AE , Al A RO 5 A s K TR
B PPAL PR AR AR S

[ 1 13 abihae S HAGER [ ) ] s o R SN, 2013,
30(3): 61-62.

[ 2 JRIIEAS, SRBL, skWIA , 45 ARl HAb 2B S0 H s
ILABRTEEREL T ). FREE SRR, 2012, 29(6): 570-572.

[ 3 ]Gibbon-Walsh K, Salaiin P, van den Berg C M. Arsenic
speciation in natural waters by cathodic stripping voltammetry
[ J]. Analyt Chim Acta, 2010, 662( 1): 1-8.

[ 4 JBailey KA, Smith A H, Tokar EJ, et al. Mechanisms
underlying latent disease risk associated with early-life arsenic
exposure: current research trends and scientific gaps[J ].
Environmental Health Perspectives, 2016, 124(2): 170.

[ 5 JOhno K, Yanase T, Matsuo Y, et al. Arsenic intake via water
and food by a population living in an arsenic-affected area of
Bangladesh[ J ]. Sci Total Environ, 2007, 381( 1/2/3 ): 68-76.

[ 6 ]Terlecka E. Arsenic speciation analysis in water samples:
a review of the hyphenated techniques [ J ]. Environ Monit
Assess, 2005, 107(1/2/3): 259-284.

[ 7 IR, B, PNBELL, 55 . Bb S a8 2546 I 07 s O Bof
FEBRLT ). il Tk, 2012, 33(23): 408-413.

[ 8 ] Komorowicz I, Baratkiewicz D. Arsenic and its speciation in
water samples by high performance liquid chromatography
inductively coupled plasma mass spectrometry-Last decade
review[ J ]. Talanta, 2011, 84(2): 247-261.

[ 9 JR%, Wi, 2%, 55 . AN FN A ICHUA G5 R BUIT R
LY ] EASETIA:, 2011, 27(7): 893-895.

(10 I3k, Veff, Dh0k. A WrREA s BB S 0 it e ik fe g .
A E RS RE , 2016, 86(3): 72-78.

(1 ZEEA, A, BRERNG, 55 . mRORH GG - I T2at
T FHI E K PR AS R ) ] SRR IIAS R SR, 2011,
23(6): 61-64.

(12187, FIA%E, WL, % . SR80 6 - 5otk
IR A R 7K 7™ ity Sy MG e i 4 R I 255K R LT ).
RrBAE S, 2013, 23(5): 53-56.

(Brfa BEA: 2016-09-18; FRAHH: 2016-11-16)
(BESCHAE: VR it BOEON; Kok PR





