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(452 ] BURBURLLA/KEEF FREGEE S, RIS R TS IRE As (1) gk,
AT MER AT H — T HEIE b BEREVSEI 20mL 0.15 mol-L* BEERIN 50 mg FTIRMER,
B IR ENETIEY A 30 min, EBET As(Il) FESRE, As(V) BFEKNE, R REERS,
FAEF RIS s M SEHI TN BRREY, ERBEMRHRES RIEEFKEHN pH
BRI, 30mmol-L* FRERER (pH=9.5) ATREIHEERMFZ Mo 5 WA SIRTE 0.50~100 pg-L™* BYL%
YSEEIR, FrEE)3A R SRR X R, r>0.999, LUATER T FRFEATIA 1056 m*, E
RIAFA20mL, 5 FHAZASERRY 7555 H PR 0.008~0.017 ngm?, EEFEA 0.027~0.058 ng'm?, AT
IERETT 1.68%6.28% 2 8], INAREIWNERTE 91.4%~107.9% 2 8, LiEMHIIAKX 2019 ££F
PM, s FEMm BT 5 FE SR ER P M S EMEARR I As (V) « AsB. As(lll) . DMA. MMA,
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Simultaneous determination of five arsenic species in PM,s by high performance liquid
chromatography and inductively coupled plasma mass spectrometry XU Yingru®, ZHANG
Huimin?, ZHU Yuanyuan? (1.Hongkou District Center for Disease Control and Prevention, Shanghai
200082, China; 2.Division of Chemical Toxicity and Safety Assessment, Shanghai Municipal Center
for Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] Chronic low-dose inhalation of arsenic may have long-term health effects. The
toxicity of chronic inhalation of arsenic compound is related to its speciation and concentration.
Therefore, it is necessary to establish an efficient, sensitive, and accurate method for the
simultaneous determination of multiple arsenic species.

[Objective] This methodological study aims to develop a high performance liquid
chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS) method
for the simultaneous determination of five arsenic species including arsenobetaine (AsB),
dimethylarsinate (DMA), arsenite [As(lll)], monomethylarsonate (MMA), and arsenate [As(V)] in
PM, s after optimizing chromatographic conditions and extraction conditions.
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[Methods] The extraction efficiency and stability of three kinds of extracts (pure water, 0.15 mol-L? nitric acid, and 0.30 mol-L™ nitric
acid) and four ultrasonic time durations (15, 30, 60, and 120 min) were compared, as well as the stability with and without ascorbic acid,
to optimize the extraction method. By isocratic chromatography, the separation abilities of two chromatographic columns (reversed-
phase chromatographic column and anion exchange column) were compared, and the effects of four mobile phase concentrations (20,
30, 40, and 50 mmol-L* ammonium carbonate) and four pH values (pH=9.3, 9.5, 9.7, and 9.9) on peak time, peak shape, and resolution
were compared. The established method was applied to the detection of five arsenic species in 84 PM, filter membrane samples from
Hongkou District, Shanghai, throughout the year of 2019.

[Results] Compared with pure water extract, acidic extract was more conducive to extraction stability. Adding an appropriate amount
of nitric acid in the extraction solution significantly slowed down the oxidation of As(lll), while adding ascorbic acid further inhibited
the oxidation. The optimal extraction parameters were adding 20 mL 0.15 mol-L™ nitric acid and 50 mg ascorbic acid, and performing
ultrasonic extraction for only 30 min. Under these parameters, the As(ll) speciation was stable, the peak shape of As(V) and the detection
sensitivity were improved. The anion exchange column had a good separation effect on arsenic species, but its resolution and sensitivity
were significantly affected by the ion concentration and pH value of mobile phase. The optimal mobile phase condition was 30 mmol-L*
ammonium carbonate (pH=9.5). The linear ranges for selected five arsenic species were between 0.50-100 pg-L?, and the regression
equations showed good linear relationships, r>0.999. Under standard conditions, when the sampling volume was 1056 m?and the
constant volume was 20 mL, the limits of detection of the five arsenic species were 0.008-0.017 ng:-m?, the limits of quantification were
0.027-0.058 ng-m?, the relative standard deviations were between 1.68%-6.28%, and the recovery rates of standard addition were 91.4%-
107.9%. By applying the established method to the determination of the five arsenic species in the samples collected from Hongkou District,
Shanghai in 2019, the median concentrations in descending order were As(V ), AsB, As(lll), DMA, and MMA.

[Conclusion] The method established in this paper has a high extraction efficiency, stable sample speciation, good resolution, and high
sensitivity, coupled with simple and quick operation and accurate determination. It is suitable for simultaneous determination of five
arsenic species including AsB, DMA, As(111), MMA, and As(V) in PM,s.

Keywords: PM,s; arsenic species; high performance liquid chromatography-inductively coupled plasma mass spectrometry; organic
arsenic species; inorganic arsenic species
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UW&JET?E’ZEZJ* ¥$2§5J\5\ RMODAARZFZHE
ME ], BRIMRDMX IR N & T2 S
RERBIR Y, L EEAR, 2016—2017 EE S B
ZES (6.92x10" mgkgtd?) EELEE K ZEH

MENT|SESHEN G ZE, NeBREEIE
(high performance liquid chromatography, HPLC) 5
SR FRAKIERR Y, RIEEEFSBER
BMEEBFAERIE (inductively coupled plasma mass
spectrometry, ICP-MS) BXFE 22, T?TEQEQ@U&_Z:%\ pal
BEARE LUK EENR =

ERSHY ; 2017—2018 FEF S PM,, R B HFRE]
Ft‘* (BFRREE) 35 67.09ng:-m*, 79 GB 3095—2012 {¥F
BESRERE) BE (6ngm?®) B10EZER Y,
BROREIS, MUSHREYAIREFESH
EasExBY, KIEWMEFEE TV ST EHER
& [As(11)] EHERE [As(V)], REBENESH—H
H BB (monomethylarsonate, MMA). — BF £ i B8
(dimethylarsinate, DMA) . B8 EH 3285 (arsenobetaine,
AsB) A AHABHE (arsenocholine, AsC) &, —fRIAANE
4 IR R 48 2k 9 As (1) >As(V )>MMA>DMA>AsC>AsB,
THHE T AT AV, AsBF AsCIFAFTE ),

KM LS R A ERR BIREE R0 R &L, zt:ﬁﬂm_x_fﬁf
BEIREUEL, KA HPLC-ICP-MSBXFE 2%, HixABEF
B, I PM,sF As(111). As(V). MMA. DMA F1
AsB 5 FRHZ SRR EE RV 75 7o

1 MHE5HEE
1.1 {25

8900 BB /XM B F B FIREREAFIE (N, 1200 53K
TR AR B IE Y (£ E Agilent) , Milli-QiBAiK ] (EE
Millipore) , SK2210LHC BB K5 728 (P E LERS
BENESERAT), MS200 ZERIDESN (FET
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INERIFIN B8 B FRAF]) , TH-1000C I A7 E R4 2E (R
EFNKRL) , AEIEE (20.3cmx25.4cm, 3EE PALL) ,
S400pH Tt X5204 BB FKF (It Mettler Toledo) o

PREASER (Baital, 3£ Sigma) , FEES (HPLCZR, EE
Fisher) , &K (R4, PEEHNERANFRFIERA
7)), RIS RinEYIF [(1.0110.016) umol-g*].
BRER IR A R AR EY) B [(0.233£0.005) pumol-g*]. —HR
HRRES AR AR YR [ (0.335£0.011) umol-g']. ZFA
BB ARAT EY [ (0.706+0.024) pmol-g™*] AR
SRR AEYIRR [(0.518+0.015) umol-g*] ¥ B #
Eit 2R F MR, IR EFR D RBBAKZLE
FRECHIAY 1.00me L TIEAR, WAILEC.
1.2 FEEXIEMEmREE
121 FiFS RESUTEEHIIOXIEINETX
— BRI = ETN (121.517236°E, 31.261601°N) , X
HNSBEMESESN1Im, HEEE—FETE
(REL400m). FEX (AMEAMALE). D% (7
) o
122 FFamEESE RERBIM 2019 4 1 B4 2019
F12H, BEEEFNSE, HFhtsay, 81FF 3——-5
A).BE(6—88).Fk(9—118). 2E1—28M128)
£ 2119, 818 10—16 HHITIELS 24 h B9 PM, s KHE,
REAXRERESS, RIEREN 800 Lmin's KIEFEFHF
AEERETE 600°C N REEE 4 h LUBBR BN T, H1E
TSP FE 240 RIEFHIEEE T BE (25¢1)°C.
YT IR FE (5045) % BY 1878 188 58 o T 1 24 h J5 R
&, -18°CHIE &1, 30d SR 252,
1.3 FEWHE
1.3.1 PRAEARIIERS] BYAsB. DMA. As (1) . MMA,
As(V) 1.00mg-L* TYEAR, F 0.15 mol-L* FHER X ki
B, EEHIRE 59 0.04 0.51 1.04 5.0. 10.0 20.0.
30.0. 50.0. 100.0pg-L* BIFRAERT,
132 EmETAhE (1) SENERTGIE, $REEFREL
1/8 1 mmiEiE, EF somLBREEOLER, A 20mL
B90.15mol-L FE R, 70°CKARBAE RIE3h G, BXH
BE=ER, ZRR7E, BBOEETREZON L
4500r-min™, BOHF1E 10cm, B0 5min, FF 0.45um
eSS, EMBE 2 mLIER, BAKERESmLEF
Mo EA = BT ERSE5,

(2) s MFASNEIRIL IR, FEESFREY 1/8 1%
iR, ETSomLBRBBLOER, NN 20 mLIEE
&, 1500 r-mint CRKEF1E 4 mm) JRHE 1 min, FEIEEX

BEERZDRES, ERBEKAGEH. 25 EbiR
3FREVR (47K, 0.15 mol-L* BEES. 0.30 mol-L F&ES)
0 4 FpEBEATIE] (15 30, 60, 120 min) X3 R [EHZAHH
I EBE M, XTELARIN 50 mg iR MERXT As (111)
REMEm, MRS ZOIREE, BIREUK
1T 0.22 um KABIERE, JERE T 2 mLEEFRFNE, [E
=S XS BR SR80,
133 VEEM HPLICTIESE . (1) ER 2MHEEN
[Agilent Zorbax SB-Aq [z #8 & 1% 4+ (4.6 mmx250 mm,
5um) B0 & Agilent Zorbax Eclipse Plus-C18 4-Pack Fiii+
(4.6mmx12.5mm, 5um) , Dionex lonPac AS19 A F3Z
i+t (4mmx250mm, 5um) BZ& Dionex lonPac AG19 Fl
H (Ammx50mm, 5um)] D BEMIBE, 2) &
FHRERRERFITRNEMML Y, BB 4MIRE (20,
30. 40. 50mmol-L* FRERER, pH=9.7). 47 pH{&E (pH=9.3.
9.5, 9.7. 9.9) BUFRERZ7KAM (30mmol-L*) XI7nhiBi
TER, EEGM, AEIERERA 1.0mLmin® ; A
FA10pLo

ICP-MS TES# . PMERXANEEE D, 5
SINE 1550W, HEASLAERS, FBEFERSMERE
15.00L'min™, B S AR 1.00Lmin?, &SRR,
WIMESERIZE1.00Lmin?, EHXERBE2°C, RER
I, KEBT[E] 10.5min, RO BIE BT s, FTHEAER
REFT / 8B4E, FFICP-MS R He BEZUME
1.3.4 MHEAEER LWRERT T REETRN
1056 m*, EAMKRFI A 20mL, {5MEL S 3 BY T R A9 R
EBEAREKRHIR, USRI 10N EKRE RS
EEEMR.
135 EHEMEEZE UIGEWRERERERE,
LUHEXT AR /E R ZE (relative standard deviation, RSD) 3
RNEEBE, —KERRESEEDMSH, HF6p
BHITINAREIURSELE, RIS 2 D 1EANT AR, PM,s
SEHRERSEEN 0.40078.311ng:m?, FILIEHAZE D
SRR RN, . S=FREIREKT (0.38.
1.52. 7.58ng-m?) B9 AsB. DMA. As (). MMA. As(V)
RAETVERRFAFITEINIE, NERESBINFREIS 5
FESHERRE, ITEIIFREURE (n=6),
1.4 FEEH

KRS RERTEFTRERE. SHERE
B, NG EBXT B, NE PM,s PAREIFZSHE, [E6
T BN HIEENRENE, SHEE RAvR &R
LRHEXF 0 r>0.9990,
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2 #R
2.1 RENZMFRIE

N FAREHREUR (487K, 0.15mol-L* FES. 0.30mol-L*
FHER) BCMl 5 ML SR AR R, MEBE Y EIRY
T (15. 30, 60. 120min), BRT As () SREBEE
Tk, ELfth 4 FhAZZSH [AsB. DMA. MMA. As(V)] &
EEZATE (10.00+0.20) pg-L* Z I8, 4k As (111) &k
KRS, IZIBESM, 10pgLt As (1) Z#BE 120 min
&, K&935% As (1) AR As (V) o

SEA4K. 0.15mol-L* FEER. 0.15mol-L* FEER +50mg
TR MERE IR BR 72 BB 30 min, As (I1) &ELLL
93 3 9 7.6%. 2.4%. 0.3%, 5] WM KIEEFF
FIREVAZE. 7 3 MUK (47K, 0.15 mol-L* FHER.
0.30 mol-L* A ER) AU As (I11) ¥R RFPZIMAN 50mg
MIFIMER, L3387 15 30, 60. 120minf5, As (11
KENFEZELWL, BRET As(V) NIER, 125
KM RBE, E=2IEE_ENF, As (1) B
HIENIR, BIREUERN 0.15 mol- L BEERAI[EI U R
i (96.6%~101.3%) , ZREAZINUIA MER AL &N
As (1) | As(V)o EA0.15mol- L HER, BE IR
BY 30min BY, 1REVEE RS, XLEERILE 1.

100 A 100

< 80 < 80
VN v
# 60 # 60
& S
& 40 = 40
L4 o

20 20

0

0
AsB DMA As(lll) MMA As(V) AsB DMA As(lll) MMA As(V)
1467k £10.15mol-L'AEER [0.30mol-L*BEER  [115min [130min [ 60min E120min

CE] A REUVRRE ; 8 © BAEREL
1 FEHREGEREM BT E1 &4 T AR ERE
Figure 1 Extraction efficiency under different extract
concentration and time conditions

2.2 BIEEZHFIRE

221 BIEERE XTEE & IR Agilent Zorbax SB-Aq R
DERER, B BEEMIER.AE ; Dionex lonPac AS19
RAMNEEI R s HESHIERS S, ILE 2
222 MONEREM pHIERE aMARKRERIAE
(20. 30. 40. 50 mmol-L* FRER¥E /KA, pH=9.7) BIEE]
WIE 3 Fr, BEE REhBRER R R E I IN, s M
B MMA D As (V) BYfR BB EY [B148%2, M AsB. DMA A
As(I11) BYREBIBIEARTL, HREIHEZ 20 mmol-L* ik
FRERRY, DfEtiEhd K B I AE ; HReiERER
1T 30 mmol-L* BRES $2 BT, AsB. DMA. As(lll) T53ES2

B0 H, #ORE 30mmol L IRBRSR N RIERE,

30004, As(V) 4000
2000
&
=
1000
0
0 100 200 300 400 0 200 400 600
REZRSE]/s TRERRYIE]/s

[3] A : Agilent Zorbax SB-Aq (4.6mmx250mm, 5pm) RABGEIEHE ;B :
Dionex lonPac AS19 (4mmx250mm, 5pum) PR FEIEE,
2 FMEIBERT 5 MRS S BHR
Figure 2 Separation effects of two chromatographic columns on
five arsenic species

15000 12

10000 3 4 5

5008 50mmol-L*

15000

10000 123 4

5000 \ / N 40mmol-L*
End 0
2 15000 .

10000 23 7

soo] LA 2 sommow

15000

10000 17, -

5008 L [\I\/L L /L L 5 Zom\mOH'J

0 200 400 600 800

{REBBTIE)/s
CEl1:AsB;2:DMA;3:As(Ill) ;4:MMA;5:As(V),
El3 FEIREmRERRS S 5 A AR HPLC-ICP-MS &I E
Figure 3 Separation effects of different concentrations of
ammonium carbonate on five arsenic species by HPLC-ICP-MS

AFHAR[E pH R T (pH=9.3. 9.5, 9.7. 9.9) FREAEE
BIEENE 4Fim. AN, BEE MshHE pHIE I, MMA
M As (V) fREBEYIEIZEFE, T AsB. DMA. As (IIl) BYFREE
BB AT, HpH{EN9.3M, DMAFIAs (1) FEi%
SMELSE, BHIERE R, #EE pH=9.5 N &
&4 (B 4), BIEETEIN 10min, 2 BRRFIER

&ifo

15000 1,
10000
3 4 5
s000]  MAL AL A s
15000 -
10000
4 5
_Stos (11 S S—
2 15000 12
10000 3 4 B
5000 [UU\ A pH=0.5
15000 12,
10000 }\ M 4 s
5000 D& ewes
0 200 400 600 800
1REBBYIE]/s

E]1:AsB;2:DMA;3:As(lll) ;4:MMA;5:As(V),
4 R[AE pHHRER$R 57 B 5 WAz HPLC-ICP-MS &g E
Figure 4 Separation effects of different pH values of ammonium
carbonate on five arsenic species by HPLC-ICP-MS
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2.3 FHELKMEE. tREIEfE. KHRFESR

7£0.50~100 pg-L* IR M4SEEIAN, PREEIIFIES
ERTFMNAMERXZR, r>0.999, 5 TS ERH
R 9 0.008~0.017 ng'm?, & FE/90.027~0.058 ng:m?,
ZFRNEK L

K1 AMASEHIAEZESCE. CHRMESMR
Table 1 Linear ranges, limits of detection, and limits of
quantitation for five arsenic species

7\@ e *H?é éfri*éll%l/ ﬁtﬂﬁ% / E%B% /

iZoy: ES 3¢ (ugl)  (ngm”)  (ngm”)
AsB ¥=3354.1X+8.1012 0.9999 0.50~100  0.011 0.036
DMA  Y=3104.3X+5.9117 0.9999 0.50~100  0.013 0.042
As(lll) ¥=2738.9X+218.5200  1.0000 0.50~100  0.013 0.044
MMA  ¥=3233.3X+70.0382 1.0000 0.50~100  0.017 0.058
As(V)  Y=2829.4X+1447.4000 1.0000 0.50~100  0.008 0.027

2.4 FiENAERENREE

INAREIWEN BN TERENSRI K 2, Af
T2 75 Be B9 0 A7 [B] Y ZE 7 91.4%~107.9% 2 18], RSD 7£
1.68%~6.28% Z 8], 1 RAZ /5748 RIFRVERENE
BE, #HEDMMANER,
2.5 SEFRES PM,s HESINE

ME 8415 PM,s P SHAZHSHNEE,
Heh 3 ST PrE AV N4E RANE 5, 1RENEK (RREFZ
SHEE/SHEE) SEE 81.8%~112.8%, Z A
RERSHRERETDANRITERAOR IR, N
TEPM, s G, sFHESHESENS IR, KX
FAs(V). AsB. As (IlI)« DMA. MMA, LLAs(V) FTH
BN E, 4945 SHHAY 81.1%95.7% Z (8. As(V) SREFA.
REFWRS, & BB ; As (1) RELERS, ES
BREETHEHMET, OEREESRSEASH As (1)
HELILRTS ; ABNEWMAENE, EE=RS, K

=RZ, B LR ; DMAE. BETE. £ ; MMA
SFEERIR. thoh, DEREAAIEL (1.790 ng:m?) Kit8
7 (6ngm?), B LFENFI B MBI (10 Bh&
K{EJ8.331ng:m?3),

R2 FENERENREE

Table 2 Accuracy and precision of the method

oA Z(MEETEB/ DD*ﬁfEZ/ ;WJJUEEB/ qziﬁ]@d&z%/ $Hia‘ﬁo>&ﬂ%§/
ngm>)  (ngm®) (ng:m”) % %
AsB 0.03 0.38 0.420.02 102.6 4.35
1.52 1.59+0.06 102.6 4.00
7.58 7.51£0.18 98.7 2.49
DMA ND 0.38 0.3740.02 97.4 4.80
1.52 1.59+0.06 104.6 4.29
7.58 7.6240.17 100.5 2.29
As (I1) 0.26 0.38 0.63£0.01 97.4 3.25
1.52 1.650.06 91.4 411
7.58 7.71%0.21 98.3 2.96
MMA ND 0.38 0.3840.01 100.0 3.52
1.52 1.57+0.07 103.3 4.83
7.58 7.5840.12 100.0 1.68
As (V) 1.32 0.38 1.69+0.02 97.4 5.95
1.52 2.96£0.18 107.9 6.28
7.58 8.90£0.23 100.0 3.03
[F] ND ARG H,
As(V)
2000
#1000
—
AsB  As(lll)
0
| | | |
0 200 400 600
REEBYIE)/s

5 FfPMys ¥ mif S EGIEE

Figure 5 Chromatogram of arsenic concentration of a PM,s sample

R3 PM,s1¥me 5 M SHRE RS HRE 2 ISR

Table 3 Concentrations of five arsenic species and total arsenic in PM, s samples

B (Unit) : ng:m?

i AsB DMA As (1) MMA As (V) S
=P 2akivk:¢ SeE FR{iIER BE FR{I ¥k BE 2akivk:¢ SeE FR{iIER SEE FR{I ¥k SBE
& 0.049  0.017~0.139 0.014 ND~0.065 0.085 ND~0.221 ND ND~0.018 1.537  0.368~4.781 1.937  0.400~5.488
=} 0.112  0.034~0.292 0.025 ND~0.135 0.016 ND~0.045 ND ND~0.017 1.567  0.473~4.800 1.789  0.692~4.350
F 0.077  0.023~0.209 0.023 ND~0.226 0.093 ND~1.028 0.003 ND~0.034 1.678  0.738~7.843 1451  0.673~8.331
£ 0.047  0.011~0.173 0.013 ND~0.116 0.105  0.027~0.908 ND ND 1.822  0.766™5.409 1.652  0.867~7.066
o 0.070  0.011~0.292 0.020 ND~0.226 0.062 ND~1.028 ND ND~0.034 1.610  0.368~7.843 1.790  0.400~8.331

[E] ND ARG Ho AsB. DMA. As (I1I) . MMAFI As (V) BIRHBRS3 5179 0.011. 0.013. 0.013. 0.017. 0.008ng:m?,

3 iTig
ZNBH 33 % BB HPLC-ICP-MS 5 3%, @ 1D 312 BUR.

AR E], EIEEFREBER RN, BIAFBIER
M E ZS PM,s 1 AsB. DMA. As (1) « MMA. As(V)
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S SHE SRR %, 5 RSN A AR
HiFR /9 0.008~0.017 ng'm?, EEPE/0.027~0.058 ng:m*,
SSPRAE SR INARE U 79 91.4%~107.9% , RSD /7 1.68%™
6.28%. SIBEFHEMELL, BAEAKREBQER, R
WED. FESRE. #FE), BaiEFR. o
RER. BEEMT, RASAMSERAY, IARE
FRER=SEEENTAREINIHHIREEAZ R,
FRESHBERIAEZEGHR. 4k, PiE-
k) IR S hE S ERITIEE AHER. B
HERE—Ta L, BAESHEBEERE, WAs (1)
BEWEANAA(V), ARIHBREAIEHESRTLEE
T, AR IBATTEEREHITEL 3 FIREUR (47K,
0.15 mol-L* F¥ER. 0.30 mol-L* FEER) BIIRENLER, Ithsh
B RN —LEetE HE R — P BB IR EGI 2 As (111)
HNEMRE, WARKRFRE. (TR AINTELH.
BARFERRIPE, RERIURELRERENRNNS
K5 GruiRmig) 757%, HEFTIBE. KERKEFERR
BB & TR, BOmENFIAEEE s0me.
AR ER T 4K IREBUR IR EUISR, 41
IKIZEXET As (1) IRA—EBD T AsS(V), TRHER +
PR MR IR EXBY IR L SR RE, As (1) JLF T E b, 48
KR As (1) ENIFEERTARH, algERRBURFH
SRR, 0Fe (1) FBMAEA Y, HBEHIET
BT MM ; BERIEBURTAs (1) SHEERT
gikIREUR, AIRES As AN N BFESEX, 1
pH=5~7 BY, — 75 T As & B M X pH A8 X 85Uk H B pH
SEMAREFAIE, 5—HE HA0; B2
AHA SHA BFER, BTFEEYHHhBE, X8
BTHR, BE—ENENRRE THMEME MRS
BHEBFHEENHEZLE, ALBERGT
As (I11) B2 EZ YRR M MRS & B3, |RE&
%£ A3 0.15 mol-L* B4 B4 i 50 mg 371 I MBS 1 A IR BURK
XE T BARRIR BRI E M,
BIEFFRENIERE D B LZMEMRYX
B, RIEGEEZIEZMERE], E1EEpHEHET
(pH=4.3) As (II) LA H:AsO; FERFETE, RE5BEF Tt H
EEMEER, 8 ERMRE ; MRS FRIR
F (WEEEAEM) WA, SESHYEMEFH
B, ISBFEARMRGRE. ZERBZLSHNERER
#[As (1) (9.22) , As(V) (2.31 6.8. 11.6) , MMA (2.6
8.2), DMA (6.2), AsB (2.2)], BRM & T As (1) &
BE, BMEEETAs ) LUHA . As(V) LLHAZ

I A* FE 0. MMA LLHA T A” FE . DMA LLA FE R 75
7, MEEFABUABFERAEE, SESATS
BE,; MpHAS, EalEiaEEaf FHEERSE
B8], 18 pH > 10 BYBE M S 4R F]F DMAFD As (1) 72
SO, FIERTE pH=9.3~9.7 X [ #1TER I E
W, BRI pH=9.5 FUIERTZ KA (30mmol-L™) 73
DINEILIED

EEHIIAOX TS PM, s PERT RGO AR R
BH, PM,s 1 S B8R B 9 0.400~8.331 ng-m> (LK 3) ;
PM,s PR FEE L As (V) AR NIFTE, 494 S0
81.1%~95.7%, &8 /D&M AsB. As (I11) . DMAFI MMA,
5 MRS & RS 2/ 81.8%~112.8%. HuIA
BAREIMT AsB B EBHTERPM, s FIHITAERT,
KEBST As (1) HITiZiEd MMAFI DMA, ZERHE
BT BRifVEIBIARN, BEIEREFBIRAE (BEAKF=
) REELLAs (V). As (1)« MMAF] DMA FESTETE,
AsBTES B EMA ™. EARIMNE TSP F AsB
HAEXEZNHAR, EREMESHBETSSPEKL
B, ERMINEEEMRE, BEIRH. AsBIRE
BETHTN, EFRE, & LRIE, TFFEETEA
o ARIBM O X KAFSBIMIBMIE, KSPRYIT AsB
I EEER 0 IR T A 88K WA B HBER, Wi
MR IRET BEI A SHH D, ABESEHE
HIBK MM F IR LU B B ARSI 2P EEIR
T3, FIEEIABRXER I HH T IRARM

FHREIAs (1) 7L M EERESTES,
AEEESEFERSHENFTS ; FHRZHAs(V)
T £ FERE. DMIEFAIEL (1.790 ng:m?) Kit8
IR, BF. LR B P 2N EBIT. . L2
IR ERERINT LAET, HREWIRERRXEE, L
Rkt 72 18 M I N MEBer 22 BE B HA G2 RR XLB , IR AR %
I MRFN B S S S IEAIE,

SE XX
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