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A polylysine/graphene modified electrode was prepared. The electrochetmtelviour of
diethylstilbestrol orihe surface athis electrode was studied. A new method for the direct detation

of diethylstilbestrol in food was developed. The experimental results showed that there was a pair of
reversibleredoxpeakdor diethylstilbestrol on this modified electrodes in 0.5~1.0 V rangg@hosphate

buffer solution (pH 3.0)Compared wh the effects ofa glassy carbon electrode amdpolylysine
modified electrode, itvas concluded that the polylysine/graphene modified electrode Haghar
electrocatalytic effect on thexidation ofdiethylstilbestrolin the range 08.00x10® ~ 1.00<10° mol/L,

the concentration of diethylstilbestrol was directly proportional to its oxidation peak currenheand

detection limit is 1.2810° mol/L. Therelative standard deviationRSD was 1.7%oversix parallel

tests. The modified electrodead ahigh sensitivity and good selectivity armktterstability than the
control electrodendcouldbe used to determine tiekencentratiorof diethylstilbestrol in beeinutton
and milk with recovery rasof 97.0% ~ 103.0%.

Keywords: polylysine graphene; modified electrode;cyclic voltammetry;diethylstilbestrol

1. INTRODUCTION

Diethylstilbestrol (DES), a synthetic nateroidaloestrogenis mainly used to treat functional
haemorrhagand amenorrheaestrogerdeficiency caused by hormone imbalance. Due to its low price
andexcellentcurative effect, it was widely used in clinical medidiren the 1940s to 1960s. In addition,

DES has the functions of reducing fat synthesis, accelerdtengynthesis of metaho proteinsand
increasing animal weightas suchjt has beenwidely used asa growth accelerator irthe animal
husbandry industry [Z]. Howe D&IS, i s associ ateddevi,ththbgdhagtt
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2EXPERI MENTAL

2.1 I nstruments and reagents

ACHI 66 0E (Shanghai Chenhuanaoymspiasny Yy et eem t v
el ectrode system (glassy carbon el ectwaosd du,e eAdg /
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doubly distilled.

2.2 Preparation of modified electrode

The GCE wasse gpuoel wisithteldmet al | ographi c sandpape
with secondary disti ldletdr avsad reirc elf & ¢%c heeatcrhe ¢ od a
et hanol and distil | erd vwa trme rcagaalaipthetrhsemesid® p & dmdg /o
was dropwise adaoédttrherd toe dthi@€ Biuandidd c e i n fTrhaurse d t Ihi
modi fied graphene el ectThoedleY S/ @GW/ GCE) waass ofrt ep
CHI 66 0E el ectr oclwe mibhdaeld eewarrko dset astyisacarem wi t h GN\
el ectpi@ade hum wire asahAle/ Apllntelre cetlreccd e oadse , t h e
PBS (pH 8. 0)xl18mamlt/ali hloynsgicrila 6ul arl'y scanning 20
ofl -26. 4TWe scan rate was 60 mV/ s.

2.3 Analytical procedur e

Cer mamiomnt of DES and PBS were added to the
working electrode, Ag/ AgClI electric refeanéednce
afserrrisng dycecl i6O® s canonvienrg twhaesapcap@nedmticHwaalld. 100 GV
mV/ s sca,antdhpa akkatpet ent i awemedopeadk. cAfrremteach
was pilmcedpBSS86Il O0ftaronci rcul ar psocteempreiadag du rstaiplp etah
el ectrode wlaosu briigntsiel db ewliotihaud & dre i thlye next measur

SEXPERI MENTAL RESULTS AND DI SCUSSI ON

3.1 OptomreptrcandootPLoynrSsYy GM/ GCE

The experineguank fLepsseshow {(hat(Fitdwe) @ambhientpldf
pol ymer st@chusbel @aBieoicaann ¢ miu@lodrl ect r oposd ymer
canningcycles(Fi gun,e hl@vp ot eelt @ @tl r opcohleyymmecpad t ahEiogur e 1E)
t hhee plot eehteicalr oploé mimeploz emE io@diref LkFgnce t he per:
modi fied el ectrodes.

3.1.1Effect oftheamount of graphene

The experiment was carried out by changing the dropwise addition of gedpbw 1 to 9puL.
The resultshowedthat the peak current @ESon the modified electrode initially increakap to5 pL
and then decreadeavith the further increase of grapte(F i g LA), which may be due to the fact that
the catalytic site of graphemasnot beenfully utilized and electron transfer has been hindered
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3.1.2Theeffectof the pH of the stock solution

The pH ofthe 1.0x10* mol/L lysine solution has a substantial influence on the catalytic
performance of the modified electrode. The experiment was carried out by changing the pH of a buffer
system consisting of citric acid and disodium hydrogen phosphate. The results showesl ¢cbhatent
of DESon the modified electrode increased gradually with an increase in the pH of the polymer stock
solution and reached a maximum valéei ( g 1B) & pH 8.0as sucha pH of 8.0was chosen fothe
polymer solution

3.1.3 Effect of thecan rateduring polymerization

For the preparation @ L Y S/ G MAh& £&&n rate wagried from20to 100 mV/s The peak
current ofDESon the modified electrode reachethaximum at 60 mV/sH i g 1C). Ehereforeascan
rate of plymerization of 6mV/s was chosen

3.14 Effect of scan cycladuring polymerization

The number of scanning cycles affstthe thickness of th€ LY S/ G MAsGaeIEas the
electrocatalytic effect toward3ES The peak current of DES on the modified electrode incdeatk
increasingiumber of scanning cycles. When the number of scanning cgelelsed®0, the peak current
reachedts maximum value and then decredf®m subsequent cycles. Therefore, the optimal number of
scanning cycleswas 20 Fi g ). e 1

3.15Effectofthep ol ymeri zati on potenti al

Theol ymer i z a taffecedthephickness of tha hodified electrode filhh e r e s u |
showeBLYSAGMA &LCEt he best ¢ aDEa®@ hyetn ct-deefdflendw t thew @
rangeléwg/F i gure 1Ej)enandft e ehipph ¥rr@ igdaiIFehengé ow
the range of the pol ynélri zati on potential was

As discussed aboy¢h e | ectrocatal ytic ef fteocwaDBdSs ahd
response cwerent pwhiembDEt8hde t darmeo Wgmrta pdife nien srod aig @ b r
Hland PILW&/ GM/ GEEe piaamspeld 8. @ o PBcBoinotnai ni*mg | 1 L0 k ¥ 8 |
ovdrhe potentli-B.l4 r\advindt/hsf sc an0 rsaccaen miomrg cycl es
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cycle, the oxiatdi dmmep ageaekduatt i 1o0.n3peVak were neg
peak at 0.20 V was positively shifted. Thlel ypea
decreased until ihdi vat upgadvepekprmabihzed on t
surface. A dark blue film was obserkFedmoscaimhe
el ectron mi crcoosuclodp yb ei amabgseesrgma@diinteineed el ecdir oed e
surf ao@ECHIif tthhrdeenensi onal (sped iFRllg wcanudchted rdee d o e e
monomers oxidize to form amino radicals @&t hi
glassy carpénda]electrodes

T
. P e "\\
.

v
AccV SpotMagn Det WD Exp ——————{ 500nm AccV SpotMagm Det wl“ap p—TE‘—q 5
500KV 40 100000xTLD63 1  USTC 100KV 40, 10000 SE 160 L USTC ™ "

-

(a) (b)

Fi guBS&M3i mage of at haen dGMsh@&CEJd o yon t bh)e GM/ GCI

3.T3he el ec threchcahaafroildrB® LY/ &M/ GCE

The el ectbrechcahafroild@m& S CE, a Plaha/ BCES/ GMs GE&l |
as that of a nPUYhSe GW/sGEhE e of DES, wekieg urnevleds t
val ue of the oXig)bdt bdach@eRkY S/U@BMleBCEA (= O0. 54
V) was significantly increasedipkE.cdanEgaso. 59
V) addithenRLNyGCEajaa8s 4adniEh—= O0.5H51 tVhe presenc
and no response was seen for t hvehiPcLhy S9 tGiVid EGCLES ¢
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i's a-rquassi blTheelecteoaatalytiactivity might be attributed to the formation of
hydrogen bonds between hydroxyl groups in DES and nitrogen atoms in polylyséreydrogen bonds
weakenthe bond energy between hydrogen and oxygen, and electron transfer occurs easily between N
H-O bondq24].
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3.4 Optimum measurement conditions

3.4.1 Effect of solution pH
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3.5 near range, detection I imit and reproducib
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A comparison of our sensor with other reported sensors based on the analytical performance of
the proposed method and that oéyious electrochemical methods for the determinatioDE®$ has
beenperformed The results are shownTrable 1. Theproposed methodiassuccessfully applied to the
determination oDES. Compared witlrseveralmodified electrodef21, 22, 2633], the oxidation peak
presents higher sensitivity for analyzing and detecting DES. It showed a wide linear range and a low
LOD. The results indicate thRtL Y S/ G Mha&a gaod catalytic effect @ES

Table 1. Comparison of different electrodes for the determinatioDES

Linear range

Electrode Method LOD (umo | ¥ L Reference

(umo | ¥ L
Pt/SWCNT/GCE LSV 0.1-20 0.015 21
Pt/MWCNT/GCE SWV 0.1-25 0.012 22
RGOMWCNT
IGCE LSV 0.01-40 0.003 26
MWCNT/cobaltph
tolocyanine/GCE SWV 0.7-5.66 0.199 27
B-CD/RGO/GCE DPV 0.01:13 0.004 29
PEDOT/GO
MWCNT/GCE LSV 0.01-20 0.003 30

Graphene/GCE DPV 0.025-3 0.011 31
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Graphene nano cv 0.012:12 0.0008 32
el DPV 0.00750.3 0.0(5 33
PLYS/ GM/ DPV 0 .80 Q0D 0.0012 This work
3.6 I nterference experiment
The inteffecteanceimmeseverglnics and ions on t

studi ed.opunieneaplet hment ahecanddi ©i0%eih Dhile satnado 11 0 0
fold excglsscosgNdMFECHARIC,KQ,S@, dopamine, asc
uric acid, vitamin E, estradiol, estradiol, e:c
ofal. O&%mMl 9di anDBS. The rel ati ve wirtrhoirnt shabstisal | o
sensor hasxcellent selectivity.

3.7 Determination of recovery

Pretreatment of meat (beef and mutton) samp

Acertain amount of meat was minced5wd@®bhg ae an
were weighed (| abBenlLl ead e tapcneRtfornBel a(ndd: 41)). M xed s
eaclh oaff Diufbfeesmennht s of DES standa®amrdnpd & ,u tudb @asrsd
Each sample tube was pllaefedi 4 merasne dulftorra $320mi m
centrifuged for 10 minutes at 2000foumi emaTheb
A, B, C B@ReamD acatcenionrei I(& 1 )a g mEi dadeedd hédod mna | o
sampl eTharbeampl es wer e tarse btedtibdhseeampenhiataamns way
with their resfpeecmi thbesppevhnatantseat mewereTh
dri ed, and 4 mL of a pH=5.0 phosphate buffere
the concentrate for use Iin the experimental de

A certain amouwnats odfi vmidlekd sianmpol e o U & b plb t €20 0 n3
and 4p)r egpnadr ed wi th the same procedure as the m

Tabd e Recovery measurements of the DES in food
Sample Addition standard Total Recovery(%) RSD(%)
(x10°° mol/L) (x10°°mol/L)
Beef - 1.52 - 2.6
0.50 2.03 102.0 2.8
1.00 2.49 97.0 3.1
1.50 3.01 99.3 2.9
Mutton - 1.02
0.50 151 98.0 3.3
1.00 2.05 103.0 2.5
1.50 2.54 101.3 2.3

Milk - - -
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0.50 0.51 102.0 3.1
1.00 0.98 98.0 3.2
1.50 1.46 97.3 2.9

FromT a b | itecanZde seen th#his system was successfully applied for the determinaftion
DES inbeef muttonandmilk samples wittsatisfactoryrecovery

4. CONCLUSI ONS

A polylysinel/l graphevwaes madckipfairedl ealyecaptoidmi z
conditions. The experi ment al results showed t
ef ftecwaDEISS and could be used for the electroch
Ovdrhe er mrfg 8~-00xP@dxllOhe concentr atiircectdfy DED pw
its oxidation peak currehmol,/tlhe B8 B hwea 5o vadai 7x6i m
paral |l el tests. The PLYS/ GM/ GCEolcahnbkeafsedmu
sampl es with recoverTyher aRLey SdfG M 7G CEY%t choeu 1 iGB t. oM. r e
effectdopamine, ascor biae satcriadd iaaile,, c et emesltThhoedr ei &
sensiti vemplaecc urraaptied,, shii ghly selective and of
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