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S was investigated by determining the content of total arsenic and five arsenic

arsine (MMA) and dimethyarsine (DMA) in different parts of lotus at

Abstract: The speciation distribution of arsenic in lo

species including arsenobetaine (AsB), As(IIl), As(V),
different growth stages with different arsenic concentrations ent in this study. The arsenic species were extracted by ultrasound with 1%
HNO; solution at 70°C for 40 minutes;"which were analyzed by}Liquid Chromatography coupled with Inductively Coupled Plasma Mass
Spectrometry with 25 mmol/L NH;H,PO,(pH 8.0) as the mobile phase for isocratic elution. The results showed that arsenic species were
extracted completely, and baseline separation was achieved within 8 minutes. The inorganic arsenic species ratio of lotus grew in high arsenic

environment was higher than tl w in low rsenic-environment. The accumulation ability of lotus was better in the period of growth than that

in period of root. The ratio of to enic and inorganic arsenic in underground parts was higher than that of the above-ground part except lotus

root. The ratio ed in the period of root, where organic arsenic was present in  AsB, MMA and DMA . The inorganic

arsenic spe ra‘in lotus root and semen nelumbinis were lower than that in any other parts in the ratio range of 29.03%~45.21%, which
would @the secufity control.
Key words: liquid chromatography coupled with inductively coupled plasma mass spectrometry; lotus root; arsenic species; extracted by

ultrasound

SRR M WK AR BRSE, W R R
K, HEESAE K HAGNm AR, SR 2K AT
YRGS NFE, THRFRET, RICEREGE T, HH
IR IVEFANME, R Z. (ERR B IR
WS EHER: 2017-12-14
E¢UH: EREANZESEHIE (31360536)
fEERN: KEE (1981-), %, HhEEWIH, WRAE: BHKE
BIMEE: BRD (1967-) , &, #%, MiRAE: XA&Y. BRSEK

236

U AME A ERT I, BEFEE TIbs
MEREtis, NABRENET G

AR KA E S EH R, A
S EA S TR . EARE T el SR
oIS eI B GB 2762-2017 HHHLE, Brifiise dh s
S EARET 0.5 mg/kg. (H/KA B2 K R4
LSRR, T 7K BTG Gk 1 B S v T g,
RPN, T ARRES K2



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.5

FARKE), B0 3 B TEHLAS AT AR 25 As(TIT)
FHER AR As(V), TIAPLSH—F e MMA, —H
Ffit DMA FRPEEUIS, M2 AsB AIAHIHEN AsC %
ARTCTFN o BRI ER A ARERE 1 /KA B
T TR A FE AR o VRN = T el g 25 5w
KAEFRPE. . WHCKEESE TR SENTE
BEMATT R THHAL, YIRS AT T ikiE
WAHRZO, [EXHEAMERA RS P TR S
A AN SR R AR DR

273 I W R o2 S 12 M= B * ) ) 4
BEF (LC-AFS) EIVRITRUM tai - Fh sk & 25 B -1
JRIEECH] (LC-ICP-MS) ¥, Hr LC-ICP-MS #:4)
Friva s Mt b s, & B s Ao riE.

AR ARA PR 7R RS2 HC7 V2, LC-ICP-MS Bk
FHE I SEFEAS [, PR, did LU AN [Rl e
FERSE ., AR B SEER L, ST
GIATANFAYRNAE, U EERE T2 HAR /K AR BRI AR A3

EINE e e NSt s%,

1 MRERE
L1 w5 XA

SHERREYIR GBW08611 (1000 pg/mL) Al
HIESVET As(IID) GBW08666. As(V) GBWO0S667.
MMA GBW08668. DMA GBW08669. AsB GB

(75.7+1.2 pg/g. 17.5+0.4 ng/g.25.1+0.8 pg/ss
ng/g. 38.8+1.1 pg/g), HETHERIFHIFE: TEE
i“EA HRIR IR NG Al (E 255 0D, a4

SAE. B A BRI N Al (JHZ
;%EI) 2N HD . B hndE AN
FE i R ) 46 FH 2K 438 i-Q gk C(HEFHAE>18
MQ-em). S TEEARHEE T 2% M RE LM o,
B il i N 04:2.0 5.0, 10.0. 20.0- 50.0 ug/L

(1) SRR TR 35, TS TR A SRRV, BCH AR
BB AR 73 909,04 1040 20.0. 40.0. 80.0+ 100.0
ng/L TR RS

1.2 (U8 5% %

Agilent1100 JAHE IR . Agilent7700x HLEHE &
FE TR A B A, EE 2R A
PRP-X100 P& ifidE (10 um, 4.1x250 mm), ¥t
TPCKIR A 7] s AFS-2202 XUES MR A JE T2t
FEA, JERTREA s KQ3200 s ik iE v a4y,
B ER AT ; CTI4RD SEidldi4 20l
I RFEANWAEAIRAF]; AE-240 HT-RF, it

MERFEN AT
1.3 L7

13.1 & KREAHIZIARINE 5

RAEFHARREHAI H 3% (pH 7.22, HAPE =
4.65 mg/kg) /KA (pH 6.98, HfifiEE 0.035 mg/L)
TENZS ABR, FRESMEAE, DUHFIRCE T 2 HEs
BT, DRgS A M B, BCH] SRR VAR,
BNF B B B, S ERE S, A
TIRAASK Tf 148 o a2k B BN T4
132 Mz

EECK S RAF. KN IS
H 15 Ha A
R B B,
K18 A 15 BAIERES: 5
FEREIANEIRRAI AR TR R AR, KA
SCEFMAR FFSREAER M DUGSRFE I35
PEFIRRNE, TSRS LSRN R, (RIR IR

SR
3 3 4>Lup
bﬁmmuﬁ: %wﬁi 16 L/min; /SR & 1.02

L/mins» AMESE 0.2 L/min; RF I3 1550 W; %
FERFE R0 mm; FALEIE 2 °C; FBRME 09
L/ming, ZMAMIEEE 1.21%; XSHATEEE 0.95%; DU
FFEZE 0.0001 Pa; QP ff%kHiE-2.8 V; ifsh iR
0.3 t/s; PRI No Gas, Wit 2 PAs.

AR 254 JishAH 25 mmol/L NH,H,PO, %
W CEUKIAE pH 8.0): SEAEYE/E; Yt 1.0 mL/min;
HEFEE 20 uL; A=

JRFF A R TR 8 mm, FAIE
400 mL/min; JEilicE 800 mL/min; HHLT FHEI 60
mA, FHBTHR 30 mA; F1EE 300 Vo
134 #EFHRBIBEIASEZNT

FREUFESD 0.5 ¢ T 100 mL %R, A 10 mL
HNO;. 1 mLHCIO, #1 1 mL H,SO,, 7 2 1 L5 #
B TR 300 T, FFHERIEE AR IR,
AE AN HNO; B 2 N e sk 6, 4kt
JIHAZE HCIO, FEUR, HoSO4 FEITUAE Hif 5 1k
hn#ke WHEIEIN/K 10 mL FIAEE H AWM. AHE
F/K¥#% 2 50 mL AF=EH, A 10 mL HCIL, 5
mL5% PR MERFT 5 mLS%m Ik, FKEBHE] . A
OGRS R R R BEE 26 R IUE
135 ERIBEMABEESEMNZ

FREURE A 1.0 g T 50 mL &0 H, I 20 mL 1%
HNO; B HRIGAA], T 75 TR 60%iE R 1)

237



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.5

A TFHEE 40 min J5, BUBAMRER, BEET
TR VAR B UL LS 8000 r/min 7E 4 °C 250> 15 min,
B3BBG 0.45 pm AHLIER. FIBEGRA T E. K
FH LC-ICP-MS £ % [V (o i A1 TS 25 2F T Il 5E

1.3.6 FIE% oM
A T H) A X EE RS2 B Th SRR AS Y
a:

We (C-C,)xV ¢
1000xm

RF: wAER Y ALE 698 F(mgkg); CAHFMIBERF
PAF R ERE(g/L); Co HEOBERTHAENRERE
(ng/L); V AFFMERAGARAR(mL); A FNERGHEAZEG
m AR EIB T Z(g).

FrASEAm N TATIE 3 IRISF8ME,  [FIRTHEAH
X FREA 22 o

2 ZR51Me
21 BRI RBAHR/A

ZZEFE GB 5009.11-2014% 1 AR50 47 7
%, KH 1% HNO; BRI NTRIUAA . (HARHEH#
PR AR AR, B iR e S R e M
MK, RIS SBT3 T TR, SRR 75 S EL
o
211 REBUSELFE

I3 A E TR A 50 °C 60 C 70
LB i PRI RS B i < i
A AR A G R S B S R A
W 70 CHENHREUEE .

2,12 ARERE;IE)AF

A3 TE A o T

AN 20 min. 40 min F1 60

min JERIHIEAS & &, 455K H, HH 40 min 160
min FERCSCRIEAR—FL, [RGB A A B EU ]
85 S0 R 1
213 REpFiF

SRITE 20%. 40%- 60%- 80%IHH NiEATHE
FEAL, B 20% B IEAR A, HAh TR B W B 2%
B, FREFIGEIRFAIRE R R, KIiEFEEE 60%
VERFERNZ

22 @ELAHHMA

[ b7 T 7 Sh AR ANIE FELP TR 0 S e i
PRP X-100, #6#% 25 mmol/L g — S8 (pH 8.0)
VENBIA, 8 min PNSZEIIEZE 705, &Rl v A
[ 1, 5 A Ahp e i s

1.0%10°F
A o
8.0x10°F BN,
6.0%10°
by
4.0x10°F
2.0%10° L }

0.0

1 1 ]
300 400 500

1
200

0 100
t/'s
E1 5 SR ATRERIEE (80 ne/L)
Fig.1 Chromatogram of five mixed standard arsenic species (80

Ho/L)
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FRSEMSIE EXRY RERIMEEE (n=6)
e 1 Linear equations, correlation coefficients, detection limits and precisions of arsenic species (n=6)

2 1% AFiE] KA X FHr b PR /(ug/kg) RSD/%(n=6)
AsB 2.159 Y=4015.6x+494.5 0.9996 0.41 2.04
As(TT) 2435 Y=3972.3x+230.2 0.9995 0.68 1.77
DMA 3.010 Y=3866.1x+159.4 0.9993 0.54 0.89
MMA 3.502 Y=4122.1x+464.3 0.9994 0.61 1.73
As(V) 7.328 Y=4025.9x-341.2 0.9996 1.26 2.23
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7 2 TSR INEREYER
Table 2 Spiked recoveries of arsenic species

RS #H 7 /(ng/L) FhnE/(ug/L) MIFZ-F 3418/ (ng/L) - ECR /% RSD/%
AsB 0.92 40.0 42.03 102.78 436
As(1ID) 1.22 40.0 4334 105.30 2.44
DMA ND 40.0 37.77 94.42 2.61
MMA 0.66 40.0 39.32 96.65 1.95
As(V) ND 40.0 41.69 104.22 4.87

R 3 ERAEEKIE, TERM ARSI SRNELS SRR FAL ML

Table 3 Results of arsenic species and total arsenic and the ratios of inorganic arsenic in different parts of lotus.at different growth

periods
AsB w/(mg/kg) As(IIl) w/(mg/kg) DMA w/(mg/kg) MMA w/(mg/kg)
SR 0.018 0.024 ND 0.0

RS Et 0.013 0.017 - 0.015

vt 0.007 0.010 ND 0.008

N AR 0.013 0.024 ~ \D 0.022
A #A % 0.007 0.009 ND 0.013
s34 B 0.007 0:017 ND 0.024

#t 0.007 0.011 ND 0.011

EE 0.008 0.008 ND 0.007

SR 0.22 0.18 0.060 0.14

4 KA Faa 0.23 017 0.052 0.14

=t 0.20 0.16 ND 0.14

B4 SR 022, 0.20 0.077 0.11
5 0.25 0.12 0.022 0.17

L35 B 0.24 ) 0.17 0.082 0.16

ot 0.21 / 0.17 ND 0.24

EiE 0.22 0.097 ND 0.11

As(V) w /(mg/kg) EAF wi(mg/ke) E Y% TAFFLE /%

JiAR ND 0.058 94.83 41.38

% 4 % ND 0.043 104.65 39.53

vt ND 0.027 92.59 37.04
SRR ND 0.060 98.33 40.00

E ND 0.031 93.55 29.03

4384 it ND 0.051 94.12 33.33

vt ND 0.032 90.63 34.38
HE ND 0.025 92.00 32.00

AR 0.15 0.73 102.74 4521

R3] % 0.12 0.69 103.19 42.03
i 0.074 0.61 94.10 38.36
B 4 AR 0.13 0.75 98.27 44.00
4 0.093 0.68 96.32 31.32
535 S 0.12 0.78 98.97 37.18
"t 0.072 0.66 104.85 36.67
#iE 0.049 0.48 99.17 3042
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Fig.2 Chromatograms of arsenic species in different parts of
lotus grew in high arsenic environment
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