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Study on selective adsorption and separation of inorganic arsenic from
Oolong tea by polyethyleneimine modified graphene oxide material
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ABSTRACT: Objective To achieve the selective adsorption and separation of inorganic arsenic in Oolong tea
though a novel material of PEI@GO prepared by modifying the polyethyleneimine (PEI) on the surface of graphene
oxide (GO), and detect the inorganic arsenic by atomic fluorescence spectrometry. Methods PEI@GO was
characterized by Fourier transform-infrared spectroscopy, scanning electron microscope, and Zeta potential analysis,
and a PEI@GO-based pipette tip solid phase extraction (PTSPE) system combined with hydride generation atomic
fluorescence spectrometry (HG-AFS) was established to realize selective adsorption separation and accurate

quantification of inorganic arsenic in Oolong tea. Results The N-H characteristic peak appeared in the Fourier
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transform infrared spectrum, indicating that PEI was successfully modified on the surface of GO, under the electron

microscope, PEI@GO showed a porous ridge-valley structure, and its isoelectric point was about 9.7 by Zeta

potential analysis. At pH 6, the adsorption rate of 5 mg PEI@GO to As (V) solution reached 95.84%. The minimum

limit of detection of the established PTSPE-HG-AFS method was 0.027 pg/L, and the relative standard deviation was

0.48%, the content of inorganic arsenic in different varieties of Oolong tea samples was 13.00-122.00 pg/kg, and the

recoveries were 86.48%—108.98%. Conclusion The prepared PEI@GO material can effectively realize the selective

adsorption and separation of inorganic arsenic. The established method is easy to operate and has high sensitivity,

which can be accurately used for the analysis and detection of inorganic arsenic in actual tea samples.

KEY WORDS: polyethyleneimine; graphene oxide; Oolong tea; inorganic arsenic; selective adsorption and

separation
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FREL 0.0010 g ZA T GO 1 PEI@GO 44ll5
0.1000 g VELALBHE A AR E A Rl o Fr, SR E AR
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Fig.l Device diagram of pipette tip solid phase extraction
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Fig.2 Fourier transform-infrared spectroscopy of GO and
PEI@GO

2.1.2 @B

BT EBASTE 200, 50 pm FAMHIVEER] GO
PEI@GO [HIFRETESHEFIE BoR, GO FRIAZBUAHIN 2244
PRRESH(E 3), XM TFREMS AT REABIRT A5G
Ak A A e, SECRIZE M, BRI
PEI@GO 7£ 200 pm FLEE 2 24K, 7€ 50 pm HLBE T 23
MR I IS5, B8 a4 PEI Hi%, £
GO ZMIE Rz, vtBHEE ) PEI@GO HA LRSS
H, BABRILETFIFE As (VIREE T RS, AT7EN
PTSPE %5 8 1) R A7 S Fe e SR R4

7 a: GO; b: PEI@GO; ¢: GO; d: PEI@GO, HHE R GO JZ[ETE K
.
B3 GO Fl PEI@GO [ i B d i &l
Fig.3 Scanning electron microscope images of GO and PEI@GO
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BB, MBS R B, HY pH I& (KT 9), BT
PEI@GO H#Hpbis (i (K 4), e/ Joiise, W 3g
WK, 25k, 24 pH N 6 If, PEI@GO X} As (V)HY WK
IR E R (97.54%), BEARIL pH T MMA 2 3 B
B IR B 2R, AT R 2 X JC AL 4 R A 0 8 R A o v R —
BTt 2T MMA 5-NH*45 & RE 1148 As (V)33 (01 5,
SR FELAS T Wl M 90 350 e 6y =X S B e HE BR ), DA
e By 0.6 mol/L, AT 3 mL 19 ZRVATR 5238 MMA 1Y
SEAVENL, HXT As (VRYBLHTEA R 3.14%, A5 AL
AL 2B R

—a— PEI@GO
—e— GO

ZetaHi\/mV
(=}

& 4 PEI@GO F1 GO 1Y Zeta HL N 43 Ml (n=3)
Fig.4 Zeta potential analysis diagram of PEI@GO and GO (n=3)

F1 As(V),As (III), MMA, DMA HIfRES 5%
Table 1 Dissociation constants of As (V), As (III), MMA, and DMA

LU pKal pKa2 pKa3
As (V) 2.3 6.8 11.6
As (1I) 9.2 12.1 13.4
MMA 3.6 8.2
DMA 6.2

222 PEI@GO A&
TEANA PEI@GO X As (V)W B 58 152 0 SE 56 v,

PEI@GO #AEH 1. 2. 3., 4 mg i, As (V) I I 254351
H 18.37%. 28.19%. 35.74%. 65.52%, Ffi#F PEI@GO
WG, As (VIR Z G R, 4 PEI@GO A&
5 mg B, As (V)RR 28K 5] 95.84%, i k£ fin
PEI@GO ML, As (V)RR I35 722 o X2 B 24 H
w/NF 5 mg B, PEI@GO TGk PTSPE 24 B LI, 5
L As (V)RR WL C g, 24 PEI@GO H ik
5 mg i, oL MR R TT R As (V) B AL 08 Wi i isf
Vi) TR AV A58, (5 O R 238 BB K. IR, PR DR
B 250 A TR BE, DTS 29 A ff B R R, SR S mg 1Y
PEI@GO 14y J5 252 52 56 14 W82 750 T 4

¥ 5 pH X} PEI@GO Wifff As (V). As (IIl), MMA, DMA %t
M RZ I (n=3)
Fig.5 Effects of pH on adsorption ratio for As (V), As (1II), MMA,
DMA on PEI@GO (n=3)
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As (VB I, 0 HCHF R A ClUA S FHEE 2K T As (V)
BT (AsO4 ), AIE# As (V)SEFXT As (V)EIBERG, 24
HCI M BRI, P &A1 crigd, X As (V)
TEHMEIAR, REGENREMR, MY HCl kEXTF
0.8 mol/L B, Z4K) CIaX As (V)T =4F#, it
7 %ok 0 B 465 SR 7 A S i DRI Ik, A SR 5 R HCL e 551
¥ %2 4 0.8 mol/L.
22.4  RBLAIARAR

e 2.2.3 E DL DR RIR BT, Ry T MR -
) As (V)R AJRESE 2RI T ok, HE— B A IR
HCLXF As (VB2 Seaegh kW], BEE HCl &
AU, FTER CUR TS BT As (V)RY B, PefiR
P F T, BRI 6 mL B, JBERTER 91.08%, T
HCI AR 2, 2480 CUEXt As (VDBEm AT, &
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B 2 4 R I 2 4l

OB R TR, Mt 3 6 mL HCI RN RS2 58 9k
J A
23 FHAEFWIE

1 1~30 pg/L [ As (V)BT IR METa R, BIE 57
H Y=188.9X+192.29, FHICFHEL >4 0.9991, RSD 2y 0.48%,
G PR R 0.027 pg/L, BIBAET GB 5009.11—2014 (&5
GAEFERE B SR IR I E ) i S fiAs s B
(10 pg/L), K, 3T PEI@GO 757 PTSPE-HG-AFS {4
RATAREI As (V)Y 5 R A RSP RA MH E

AR B 25 R ARSI ARE 5, SR EBUDIN A [0 05 5 3625 52
AT TN N 8 MR FAR DA A Fh ST
LA I FR A R, S5 5R a3 2 Fim. hak 2 v, RE
A0 SR R TCALA SR 13.00~122.00 pe/ke, Hkr[E
WCHRTE 86.48%~108.98% 2 [H], RSDs 7 0.34%~8.27%Z [,
Tk B ARG T 8 7. 1) 3k ] RS P F S PR A i R AL
T8 23 BT A I

3 & i

% PEL Y5 GO iz F i B #E IR & I &l ¥ VR T,
il % i PEI@GO HifAk, 1 W 5t vh JCHILA i 44 6}
FHEMLTAMERE . BB . Zeta RAAIAVEE KM, PEI
RIS GO IR ETE i N-H ##, GO K14 & PEL Y
B Sl E LA 454, I+ H PEI@GO S5HL &k
9.7, HA RIAF M BEEW B AE T) . 32 FB WAt Sk 57 1
PTSPE %% 5 HG-AFS LIk, XTWRLR 2% (4 ik 17O 4k,
TE S A 451, % O R B R AR K BRI T GB
5009.11—2014, HA R R BE, JFATHER A T S55Pr s
B S HR G HLR A 2 BT A, AR TR 25 TG ML A 2
ST HEALAKE, X IO HLA A R A I LA BRI RN B S
N

#2 TRISEMESEFRIFMH SIS EN=3)
Table 2 Content of inorganic arsenic in different varieties of
Oolong tea (n=3)

o A JEAA Jmdrat RSDs  fndREIcE
lnghkg)  Nngkg) /% 1%
10.00 1.18 99.11
AR 52.00£1.00  20.00 0.93 89.07
30.00 0.40 86.48
10.00 3.58 104.32
KAl 13.00£3.00  20.00 3.28 97.36
30.00 0.34 9225

5513 4
= 2%
il AJEAE JnprE RSDs  AAREICR
lughkg)  /(ng/ke) 1% 1%
10.00 1.77 104.49
B 45.00+3.00  20.00 1.14 93.10
30.00 0.66 99.76
10.00 3.52 106.57
KEMF  122.00£3.00  20.00 1.82 94.21
30.00 2.75 95.07
10.00 2.96 100.07
WA 109.00+1.00  20.00 5.37 89.63
30.00 1.62 97.19
10.00 3.29 108.98
KL H 13.00+£1.00  20.00 2.20 88.62
30.00 1.08 98.40
10.00 2.53 96.67
ENTH 50.00£9.00  20.00 2.94 87.00
30.00 0.89 95.85
10.00 8.27 102.99
AEE 32.00£1.00  20.00 3.64 97.72
30.00 6.67 103.48
R

(1

LN, MR, THEHE, 55 2R IR i SORCHLI & X i
T RS LA IF ST (0] £ A TR R 24 4, 2021, 12(18):
7451-7458.

LI YC, TIAN HX, YU HY, et al. Study on inorganic arsenic content in
various health food raw materials and its migration law during processing
[J]. J Food Saf Qual, 2021, 12(18): 7451-7458.

ke, FFERIH, TRIT, SF. MR ITN0]. SR, 2021,
35(5): 367-372.

ZHANG W, QI LJ, NING JY, et al. Health hazard assessment of arsenic
[J]. J Toxicol, 2021, 35(5): 367-372.

WU L, ZHANG S, ZHANG Q, et al. The molecular mechanism of hepatic
lipid metabolism disorder caused by NaAsO, through regulating the
ERK/PPAR signaling pathway [J]. Oxid Med Cell Longev, 2022, 2022:
6405911.

B, RN, B, AF. AR A SRR TR TGN R 2 M Y
J7 1 AIAE T 25 TEHUR A BT T (P (D], BRALAG 36 (127 43



5512 4]

XS R, S IR LI e AB A SR A Ay SRR BRI PR IR B 2325 2 Jg 25 it rh JCHLA 495

3865

[5]

(6]

(7

(8]

[91

[10]

[11]

[12]

[13]

[14]

), 2021, 57(7): 665-672.

LILM, ZHOU RJ, CAO S, et al. Method system in different pharmacopoeias
and application progress in study of Inorganic components of traditional
chinese medicine of ICP-MS [J]. Phys Test Chem Anal, Part B, 2021,
57(7): 665-672.

NAWROCKA A, DURKALEC M, MICHALSKI M, et al. Simple and
reliable determination of total arsenic and its species in seafood by
ICP-MS and HPLC-ICP-MS [J]. Food Chem, 2022, 379: 132045.

LIU J, LU W, ZHANG N, et al. Collaborative assessment and health risk
of heavy metals in soils and tea leaves in the southwest region of China [J].
Int J Environ Res Public Health, 2021, 18(19): 10151.

M, JABIER, TKIEBE, SF A T IOV A b PR B R AG I
IRBETCARD]. B DR, 2022, 43(3): 395-401.

TIAN W, ZHOU MH, ZHANG JQ, et al. Research progress in the
extraction and rapid determination of inorganic arsenic in food [J]. Sci
Technol Food Ind, 2022, 43(3): 395-401.

BN, RaRfh, ST, 55 BARZEIO) B - A 5 A B IR BT
(ICP-MS)iZ Mty it FR B TCHLARY]. AP EIEHLAMT k2%, 2021, 11(1):
20-25.

LI LC, WU JW, HU JX, et al. Determination of inorganic arsenic in
seafood by inductively coupled plasma mass spectrometry with solid
phase extraction [J]. Chin J Inorg Anal Chem, 2021, 11(1): 20-25.
VERKA, BRULDL, ), 45 T % 5% 0y AR 1k m 3R 11 @ 1 AH 28
-ICP-MS Bk T T FR LK FE p TTHLRE 25 40 #7 (0] 0 Al il 2 41,
2021, 40(6): 954-959.

XU QY, CHEN BB, HE M, et al. Speciation analysis of inorganic arsenic
in environmental water samples by ICP-MS with magnetic solid phase
extraction based on sulfhydryl functionalized magnetic sorbents [J]. J
Instrum Anal, 2021, 40(6): 954-959.

AR, WAL, R, . A RIS A NS T AR
BT, Ih4R4ET, 2021, 50(8): 52-54.

WEI RL, CAO QZ, LI RR, et al. Research progress of graphene oxide
/organic polymer composite adsorbents [J]. Shandong Chem Ind, 2021,
50(8): 52-54.

BLEr, WOV, PRIESR, 55 S BIR R R i 48 B T oY
HERE[T). ERYLHhFI, 2022, 39(2): 9-17.

RUAN YT, YAO P, CHEN GQ, et al. Research progress on adsorption of
heavy metal ions by graphene oxide-based materials [J]. Text Aux, 2022,
39(2): 9-17.

YILMAZ MS. Graphene oxide/hollow mesoporous silica composite for
selective adsorption of methylene blue [J]. Micropor Mesopor Mater, 2022,
330: 111570.

BT, ZSMEEL, SR T 00 0o R A R T A R B RS R[],
Ay TR, 2014, (11): 3444,

JIA J, LUAN SJ, WU AIH. Research advances of polyethyleneimine in
adsorption heavy metal ions [J]. Chin Polym Bull, 2014, (11): 34-44.
K3, XISCEE, WA, SF. ROBWRN L 58078 R AR
1. 440k T, 2018, 47(2): 392-395.

ZHANG WX, LIU WX, HUANG ANP, et al. Application, synthesis

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

methods and production status of polyethyleneimine [J]. Contemp Chem
Ind, 2018, 47(2): 392-395.

MRZET, kIR, U, 5. ROMERAMELFERLTYEN Cr (VD)
B BMAIFTE D). PREERI=4H, 2018, 38(8): 3090-3098.

CHEN HY, ZHANG SL, KAI CC, et al. Polyethyleneimine modified
cellulose fiber for Cr (VI) removal from aqueous solution [J]. J
Agro-Environ Sci, 2018, 38(8): 3090-3098.

MARCSNO DC, KOSYNKIN DV, BERLIN JM, et al. Correction to
improved synthesis of graphene oxide [J]. ACS Nano, 2018, 12(2):
4806-4814.

CAI X, LIN M, TAN S, et al. The use of polyethyleneimine-modified
reduced graphene oxide as a substrate for silver nanoparticles to produce a
material with lower cytotoxicity and long-term antibacterial activity [J].
Carbon, 2012, 50(10): 3407-3415.

T, BN, HEMM, S e e - R AR A A TR T
PECETEI FHARI 55 Jp 2S5 b JCHLA ], £ 22 A T A ) 24 41
2018, 9(9): 2101-2105.

DING LJ, LUO J, KANG BB, et al. Determination of inorganic arsenic in
Oolong tea leaves by microwave assisted digestion-solid phase extraction-
hydride generation-atomic fluorescence spectroscopy [J]. J Food Saf Qual,
2018, 9(9): 2101-2105.

AHMAD H, UMAR K, ALI SG, et al. Preconcentration and speciation of
arsenic by using a graphene oxide nanoconstruct functionalized with a
hyperbranched polyethyleneimine [J]. Mikrochim Acta, 2018, 185(6): 290.
KUANG Y, ZHANG ZY, WU DY. Synthesis of graphene oxide/
polyethyleneimine sponge and its performance in the sustainable removal
of Cu (II) from water [J]. Sci Total Environ, 2021, 806(P3): 151258.
TR, MEE, R, % BOBWHAE A 3ok 2R
AWM LB ERED]. W A RRL S 5 TR, 2021, 37Q2):
124-129.

YU QQ, YANG JJ, WU QY, et al. Preparation and antibacterial properties
of waterborne polyurethane modified by polyethyleneimine and graphene
oxide [J]. Polym Mater Sci Eng, 2021, 37(2): 124-129.

YANG GH, CAOIJT, LI LL, et al. Carboxymethyl chitosan-functionalized
graphene for label-free electrochemical cytosensing [J]. Carbon, 2013, 51:
124-133.

RN, IREE, ERE, 5 BRI SIRAURPPR 5 R S AT
D] SRR (A ARBIAR), 2021, 42(5): 41-47.

ZHANG XT, XU J, WANG JY, et al. Synthesis and characterization of
magnetically responsive graphene oxide materials [J]. J Qingdao Univ Sci
Technol (Nat Sci Ed), 2021, 42(5): 41-47.

TLIGF, ARA, BRBO, 45 SAEBIEO SIR- R T LT e R
A WL BRR Y ) 2 B HoxE Cr (VDI B PEREDFIE[T]. FRIRARL A2 4L,
2021, 41(10): 4003-4012.

KONG QP, LI LL, MA WW, et al. Preparation of amino modified
graphene oxide-carboxymethyl cellulose composite adsorbent and its
adsorption performance towards Cr (VI) [J]. Acta Sci Circumst, 2021,
41(10): 4003-4012.



3866 B il 2 A iR AR U A 4 FHI13E
[25] A5, SKSCUR, KRR, 2. EAL A SRIEAE AN BERR O Fh AN ). B GUO YL, WANG G, LUO D, et al. Evaluation on the environmental

[26]

[27]

[28]

[29]

Bl 5HR, 2022, 42(2): 9

WEN S, ZHANG WIJ, DU HY, et al. Application of graphene oxide in
nanofiltration membrane modification [J]. Membr Sci Technol, 2022,
42(2): 9.

BRI, B, PR 4. DUREALITI R R R A Sk
SIRPK T PO A T[T, FEERLAE, 2022, 43(1): 387-397.

LIAO XF, ZHONG JP, CHEN YN, et al. Preparation of functional
attapulgite composite and its adsorption behaviors for congo red [J].
Environ Sci, 2022, 43(1): 387-397.

BOR, BRI, RS, S5 i IE RS MR SRR A B IR
il SAEREBFIE[T]. AKARFRREA, 2017, 43(7): 22-25

ZHAO B, OUYANG M, ZHU BK, et al. Study on preparation and
performance of positively-charged PVC/PEI composite ultrafiltration
membranes [J]. Technol Water Treat, 2017, 43(7): 22-25.

WSCHE, VR, AKX B AL e s i Ay Ak 25 AR A
BERE[T]. AR, 2020, 39(4): 475-492.

YANG WL, SHEN YT. A review of research progress on theabsorption
mechanism of arsenic and agronomic pathways to control arsenic
absorption [J]. Rock Miner Anal, 2020, 39(4): 475-492.

SRAERS, B, BY, S Am@ USSR LR ML B B R,
il LR R s BUCR A AT (0], b B AE SR AR, 2011, 1903):
676-681.

[30]

quality about lead, cadmium, arsenic, chromium, mercury, copper and
fluorine in the soils of Tieguanyin tea plantation in Fujian Province [J].
Chin J Eco-Agric, 2011, 19(3): 676-681.

BEHERA US, MISHRA PC, RADHIKA GB. Optimization of multiple
parameters for adsorption of arsenic (IIT) from aqueous solution using

Psidium guajava leaf powder [J]. Water Sci Technol, 2022, 85(1):

515-534.

(FTAE%htE: $ha FHH)

NER, MEHRE, TEMRAGE
HEGMISR2EH.
E-mail: 1296974954@qq.com

MREE, B, BIBER, EEMRA
EARRMIEZ £,
E-mail: chentuanwei2005@163.com



