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(HoSO4-H0) IR A i W (R AR L A3 1) 12 13 min,
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T K 2 B B L3 2. Se il IE 28 B DPPC
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FEL A 2 THT I 22 O B P s B L) REE BV AT B AR 40 A
VIR, AT ALz

(Iv) AR, =Bk RE e b
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Figure 1 Size characterization of graphene by AFM. (a) AFM image of graphene, (b) height and lateral size of graphene from AFM
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Figure 2 (Color online) Electrochemical impedance spectroscopy of

bilayer membrane modified electrode, no-modified electrode, DPPC-
modified electrode, and DPPTE-modified electrode
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Figure 3 Equivalent circuit diagram of EIS fitting
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(9 FH X 3R 22 (Brror%) #5 /N T 5%, Hoi% 25 i KR
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F14) S 505 P I TR G % S BG AH EA T B 0L A, AR B4
FAEBENG I B R, 45 SN2 7.

AR FE 20 LLE Y, 38 2 78 H R om AR
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Table 1 Fitting results and relative errors of each element

Juff R{(Q) Ru(Q) Ow-CPE-T  Q,-CPE-P
WMAEE R 71.32 4.64x10°  4.98x1077 0.75
MR (%) 4.36 1.58 0.28 2.25
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Figure 4

(Color online) Electrochemical impedance spectroscopy. (a) Bilayer membrane modified electrode at different time points; (b) the effect of

bilayer membrane modified electrode with different concentrations of graphene
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Table 2 R, of each experimental group

A B U B (mg/L) 0 0.1 0.5 1.0
Rin(Q) 7.13x10°  5.67x10° 3.70x10° 2.89x10°
AHXF 1R 2Z (%) 3.24 1.17 2.16 2.49
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A6 Wi 2 AT 25 1 P S R s A 5 Py i AR 2 o 6
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I A OBUZ W Mg B, R RUST 8 A B 0 D) T LA A X023
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Y1 e o8 sh ) TR R I S B A5 IR R, A SRR K
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— 3 BIIESAAE ., AT LSS i 240 M R ) 3l a1, 6P A
SRR 55 20 4 Al R 2 2 as 200 i R A 248 L PR 5.
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AT, BHTCA AR, BHOTR TR IR b
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Figure 5 (Color online) Electrochemical impedance spectroscopy of

bilayer membrane modified electrode with different concentration of
TPP
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Table 3 R, of each experimental group exposure of TPP

41 51 XTH 0.1 mg/LTPP 0.5 mg/L TPP 1.0 mg/L TPP
Rn(Q) 7.05x10°  4.01x10° 3.07x10° 2.03x10°
MXFIRZE (%) 3.39 3.17 2.89 3.03

TAL 3 B RS A, 00 A TPPAE 5 WU FEE (14 3 325
38 0, TPPHE fish £ 85 A5 XUZ BE B4 58 46 152 31 T 3R,

TPPJE —Fi A ALBE R R FELAA T, 3R U
BERRIL A b i) SR FIE AL, S —Fhigi K o i 432
VE R —Fh B HRE ST, TPPA TR %5 5y il A 24 i Jis 45
WG XU 72 v, I 5 0 20 i a0t A 40 e P .
ARSI SRR, TPPA T 0] LAFE ABEAG I, Hik A
Tl B BB Iy PR T EL TR DR A S 0 D00 2 il R Tl i ) 5 4
Pk, DTG B2 BEAE i H A A LB P S R A1 TR
I, TPPTES AMREZ Ml If it ARG, BE 0T DLk R 4n
LR %) S 3 P 52 i 40 L B LR T e, IR 5
20 R A 0 7 A i — A R L A S A R A
TPPEA — & M4y s h B R K5
SRR A =, NI TPPXS A fi e FN PR 55 22 A7 AE
FH KA fa 2,

2.5 f1aFITPPA BHUUBUZ IR A 11 ]

AR S 6 {5 FH HA Ak 27 52 3 BEL BT 92 F 5T A B8 0 A
TPPX 7 # i g SUZ B S /EH. 6 81.0 mg/L
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Figure 6 (Color online) Electrochemical impedance spectroscopy of
interaction between graphene and TPP
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DRI 2 52 M, ol RS 48L A 0 S R ) 25 A 9% A B 0
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I W B J5 T =22 18] A 25 6 25 EL A2 1, BT LA T 245 16
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In the natural environment, organisms are frequently exposed to complex mixtures of pollutants. These pollutants usually
enter organisms simultaneously, which leads to joint toxicological effects. With excellent adsorption properties, graphene
nanomaterials can interact with other pollutants when they are released into the environment, which may affect the
environmental behavior of these pollutants. The molecule structure of triphenyl phosphate (TPP) contains three benzene
rings, which leads to that TPP interact with graphene easily. With the mass demand and production of graphene and TPP,
it is of great significance to study the joint toxicological effects of graphene and TPP, which will provide theoretical basis
and data support for ecological risk assessment. The cell membrane is an important barrier of organism to resist external
environment. The environmental pollutants usually act on the cell membrane and then enter the cells to produce toxic
effects. Studies have shown that graphene and its derivatives can damage cell membrane in the process of interaction.
After entering the cell, graphene can bind with receptors and produce reactive oxygen species, which may have a more
serious impact. The biological membrane consists of various phospholipids bilayer membrane structures. The interactions
between graphene nanomaterials and biological membrane can be studied simply and effectively using the simple
artificial biofilm model. The solid supported bilayer membrane is a kind of simulated biofilm which can be simply
prepared, easily repeated and stably performed. At present, the electrochemical technology plays an important role in the
characterization of the bilayer membrane supported on the metal surface, which has gained more and more applications
in the study field of biofilm. The electrochemical impedance spectroscopy (EIS) can preliminary assess the membrane
permeability, and can be used as sensitive detector to membrane structure change. Hence, the electrochemical methods
can be used to study the interactions between small molecular contaminants and simulated biofilm. In this study, the
"frozen-blotted out" method was adopted to construct covalent binding phospholipid bilayer on the gold electrode surface,
thus forming simulation of biofilm, and the EIS was used to study the interactions between graphene/TPP and the
simulated phospholipid bilayer. The results showed that graphene and TPP could reduce the impedance of the bilayer
membrane modified gold electrode, which indicated that graphene and TPP could influence the permeability of cell
membrane and damage the integrity of the simulated phospholipid bilayer. With the combined effects of graphene and
TPP, the damage of simulated biomembrane was increased, suggesting a synergistic effect. The pollutants through the
cell membrane may interact with large molecules such as DNA or protein in cells, these results can provide theoretical
basis for evaluating the ecological risks of this kind of pollutants.
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