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B F @ TN R AORA il (HPLC) Rl RS 5 55 B 1 3 (TCP-MS) I FH A & Al K SRR dh o =4 i (AsTI) ,—
SR (MMA) | — HUERR(DMA) TR (As V)4 ARSI 734 ik o 130, 4 FERE 25 2 PEVE R 58 (1~300 pg - L), MISE 2R
()R T 0.999 0, J5 LK BRAK(0.7~0.9 wg - L) KB RELF , FEARMRE 7 G5 REY RSD B/NT 5% . 3l T3 AR [BIS A Bk 5
R ERRTE AR ISR 9490~112% . SEBRAR L TN E Z5 0 R , AR FHBOK iR 8 E BAFTE IR AR As( V), HUCh As(TD) .
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Analysis of Organic and Inorganic Arsenic in Waste Water of Agricultural Environment by High Performance

Liquid Chromatography and Inductively Coupled Plasma Mass Spectrometry
SHAN Hong ', YUAN Zhi-hua?, LIU Dan-dan', LIU Ya-li'

(1.Key Laboratory for Agricultural Environment, Ministry of Agriculture, Institute of Environment and Sustainable Development in Agricul -
ture, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2. Agro—Environmental Protection Institute, Ministry of Agriculture,
Tianjin 300191, China)

Abstract: A high performance liquid chromatography and inductively coupled plasma mass spectrometric method was established for analyz—
ing 4 arsenic speciations in water of agricultural environment, including As( Il ), MMA, DMA and As( V ). The results showed that the
method had a wide linear range( 1 ~ 300 pg-L ) and the linear coefficients were more than 0.999 0. The detection limits were very low (0.7~0.9
pg L), All of the relative standard deviations(RSD) were less than 5%. The recoveries were between 94% and 112%. The analysis results
showed that As( 'V ) and As( Il ) were the main arsenic speciations existed in the waste water of agricultural environment.
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L1 NBRTIESH

ELAN DRC- II %Y B &5 & 45 2 IR B A (36
Pekin Elmer 23] ), RF 334 1200 W, %585 15 .
M. Fbam a4 15.0,1.20,0.89 L-min™,
7 OB SRAEHE 5 ABCHE PR BT R R Milli-
Q #R4li/KHL (S Millipore 23 F] )5 =SB (41542
K-501 (Lumtech A F]); 43 BIHN 6354 TonPac
AS19 M4 (250 mmx4 mm ), lonPanc AG19 {#37+E
(50 mm x4 mm) , 3 83 E Dionex 2AF 7 i o
1.2 X5

I ASPRAEA W : As(T) . As( V) MMA .DMA %}
S =484k =B (Aldrich 24 ] ,99.995% ) . 48 4L —
fift (Aldrich 23 7] ,99.99% ) , — F KL iR 44 (Fluka 2
F),99. 5% ), — H LA R (Fluka 23 F] ,99% ) BiL & 1
B s A AL B (72 Merck A L2 4E ) ;
ICP-MS VW : MFh 19%85/:, N 10 pg-L7' 1
Mg.Cu.Rh .Cd.In.Ba.Ce .Pb .U, 3 [# Perkin—Elmer
NG
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BT . SRR, W SR SR A O
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BT ST b LR B B ) o Ve BRI, AT T e
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AR, B 4 FOE S AT B A (HAEE A
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mmol - L™ 5, ZrBRCRWARGE, BN ATt ] o 12
min, BN 40 mmol - L™ B}, B AR BY Bst (1]
45,0 As(Il ) .DMA MMA ANRESE 25 B (3R1),
i SIS A AR, 2E 4R 30 mmol - L Y S A AL A
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Table 1 The effect of mobile phase on the retention time

AL PREA T /min

JEmmol - L™ Ag(TI) DMA MMA As(V)
20 2916 3.833 7.667 25.124
30 1.958 2.449 3.167 11.167
40 2.141 2.656 3.516 10.556

JF A . B A bR AERE LR 1.
22 FENLESK R

A3 AECH 1.0.5.0.10.25.50,100,200.300 pg L™
) 4 BRI AIR A AR ER I, TEC A E S T
AT AT A AE L4 BB S AE L vk B2
RN SRR R R, HAHR R KT 0.999 00K 2),
EAESEBRM E A B rp AR i B i, AR
T8 L8 1R 1.0~100 pg-L7, JrikAa iRy 0.7~0.9
peLs
23 FERNERYE ES R MERE R
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Figure 1 Standard chromatogram of arsenic species
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Table 2 The linear and detection limit of the method

LS EAEwE MR KR/ pg L
As(II)  y=1930.639 1x—1 653.2526  0.999 8 0.9
DMA  y=807.891 5x-2507.158 0  0.999 4 0.7
MMA  y=1396.999 6x—1 6044196  0.999 8 0.7
As(V)  y=1560.269 2x-2 1557118 0.999 3 0.9

T oo TR, wg- L5y 9T ISR BE (L, cps.

GBWO8666( As Il ) Al iz 46 5 v i R M: o 05 45 2R
W3 3, ESHMEUEZ N, Ul IA G S 1y
P STNAE

T AR K PR AL i R AR XEFR 21 4 R A A AR
FEFE AL i, DR AR F AR SEBRAE i a3 A T
AN Tr] J3 s v B (A TR A5 A v B A SR A s
i 3 AN E’J7J(’r$uuo?%ﬁgﬁiﬂﬁ;k§’\/«fﬁlﬁﬁ
Mr e B0 0 & i, PATE I E 7 W, THE AR X
ﬁ‘@ﬁ'ﬂ%(RSD)o SRR AT S 1 A A
() 3 A S TS [ S BEAEL A A 9% 3L 0T, RSD
PINTF 5%(F 4),

xR 3 HEERKE
Table 3 The accuracy of the method

A M 5EfE/mg - 1! ZH Al /mg- 1!

As(II) 76.5 75.7£1.2
DMA 51.6 52.9+1.8
MMA 24.9 25.1+£0.8

As(V) 17.3 17.5+0.4

R4 FENRBEE(=T)
Table 4 The precision of the method(n=7)

e mj%@/ RSD/% Mﬁg/ RSD/% Mﬁg/ RSD/%
L pe- Lt pe- Lt
As(IIl) 9.00 35 17.4 2.8 522 1.2
DMA 15.5 2.5 36.5 1.3 49.9 1.4
MMA 154 2.8 254 2.3 41.9 19
As(V) 10.3 2.7 17.0 2.4 332 19

gyt S 0 | 7 =T 1 1 B NG 9 RN
3 Pl BTV B 145 TR AR AR TR TR, e BRAR T 5
LB R TINE , TEE S BRAES B AR EHSCR
W 55 LB R EINFR KT AsCID) A fnx [
%N 96.1%~112% ,DMA [ 11 4% B KK K 95.0% ~
112% ,MMA [ Jiikr EICE A 94.7%~104% , As(V )
TR EN% 480.0%~109% (3 5 ) .
2.4 KERERBNE

K FH BT A X SEBRRE S A TN RE o 25 SR A
L, AR AR i 1 Dbt ) A7 — 2 AR BE VRS o A Xo)
SEBRAE SBR[ T 6 YR , 4 RIS 4R B i
[ {4 RSD ¥4/NTF 3.5% , H/NF 0.2 min, 6B % 7 3%
A S bR S A S 0 1 5 i T -

AR RM, A5 ICP-MS &5 AR RS
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Table 5 The recovery of standard addition in the water sample

(DS B IIEE po/ g L gt pi/pg L IARAE S E (] po g L IAREICER RI%

As(ID) 8.97 10,25,50 19.1~20.1,33.0~34.8,57.6~60.0 101~112,96.1~103,97.2~102
DMA 0 10,25,50 10.6~11.2,25.9~26.8,47.5~48.7 106~112,104~107,95.0~97.4
MMA 0 10,25,50 9.47~9.91,23.9~24.9,50.7~522  94.7~99.1,95.6~99.5,101~104

As(V) 2338 10,25,50 31.8~33.0,49.1~51.0,69.1~71.5  80.0~92.0,101~109,90.6~95.4

o % _ IR I R (o) — B i 0 A (o)
VE: IR R (%)= e %100,

JE R PArCL 43 B, 8 T80 PAs iIE , RISt
B i A S ) S TR S ARAERE i P S R
LB FIE U TE SR i 2o 21 AT i, ey g
THA TR 5 OREAAER, BB R REAF . 76
WA T @8RS 4 Fh As TEA LR B I RIS TR]
A RGRE AT As T AR BRE M AEA 5T Fh IR R 5
Tk, Haf o A DRC X (s o s =X, 12 v
A E ) AR AR I s ISR s A 2R
PIC 22 5 o DRI R R 2 48 37 1 320 5
FRAE B, SRR A A = A i 25 0 T

T AN 1l X A 7K H R AR T KR i R
ZERILER 6, 25 R BZH XK B Hp i ) 2L AR TR
AR As(V), Hk N As(IT ), DMA Fil MMA ¥R 4%
R E o ERHIZHL X AR K SR A2 35 Y (R RIS, A
PIRE A E IR AN T 43, X 5 2 HE S P0C T b R K e

TS E A —E
3 #ig

(DASZEH A HPLC-ICP-MS R 443174 LA
FTCATAIR) 4 FIEAS B T LA Tkt (IonPac AS19)
M5, 30 mmol - L™ KOH i shAH S 40 B 4544 - 1%
BT R TE I FE (1~300 pg- L) K BRAK (0.7~
0.9 pg L") FEE VLT, RSD Y4/NT 5%, HUERGEE &

(23 L it IR [RTAC R S il B KA fis 4y
SE , BT AR S BRRE S h LA R AR %
5 R, ke T SO T, AR KR
BLRR T LA 25 19 8 1 5 2 o B b LA R AR
o FH AT

(3) SEBRAE it BRI 52 45 5% s, AR FH B2 7K v )
FEAAES R As(V), HIN As(1D),

F 6 ZERRWEKERTR 4 FEEHPEE(ng- L)

Table 6 The content of arsenic species in the waste water samples of agricultural environment (wg+L™")

HE b i As(I) DMA MMA As(V) [EE R As(1) DMA MMA As(V)
1 3.00 — — 4.81 16 470 — — 3.59
2 5.35 — — — 17 7.55 — — 6.34
3 6.21 — — 7.00 18 1.55 — — 3.22
4 7.52 — — 8.55 19 124 — — 13.7
5 5.32 — — 8.75 20 10.5 — — 135
6 9.56 — — 103 21 6.51 — — 10.5
7 1.05 — — 9.44 22 4.83 — — 11.3
8 571 — — 9.25 23 9.44 — — —
9 104 — — 13.4 24 7.12 — — 10.5
10 7.25 — — 8.96 25 — — — 15.6
11 9.12 — — 13.2 26 — — 8.59
12 102 — — 154 27 531 — — 12.1
13 154 — — 174 28 7.55 — — 152
14 10.8 — — 13.2 29 2.42 — — 9.75
15 5.11 — — 15.6 30 4.52 — — 6.54
RN AR
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