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Gold Nanoparticle Modified Polymer Monolithic Microextraction
Combined with ICP-MS for On-line Analysis of Trace
Elements in Cells
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Abstract: In this work, Au NPs modified poly(glycidyl methacrylate—ethylene dimethacrylate ) (poly
(GMA-EDMA-Au NPs) ) monolithic capillary was further functionalized with L-cysteine (L-Cys) ,
which exhibited good preparation reproducibility and chemical stability. Based on it, a method com-
bining polymer monolithic capillary microextraction with on-line inductively coupled plasma mass
spectrometry detection was developed for the analysis of transition metals in cell samples. Various fac-
tors affecting the extraction efficiency were investigated. Under the optimized conditions, the limits
of detection were in the range of 0. 45(Eu)—-15.41(Cu) ng-L". The relative standard deviations were
between 3.0% (Ce) and 9.3% (In). HepG2 and SCC-7 cells were analyzed after ultrasonic wall
breaking, and the content of target metals was found to be at fg—sub fg level per cell, with recoveries
of 85. 4—=114% in the spiked samples. The developed method merits low sample consumption, low de-
tection limits and high sample throughput (10 h™) with great application potential in the analysis of
precious biological samples such as cells.
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ductively coupled plasma mass spectrometry; biological samples
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Table 1 ~ Operating conditions of ICP-MS

ICP-MS plasma Value
Rf power 1250 W
Plasma gas(Ar) flow rate 14 Lomin™'
Auxiliary gas(Ar) flow rate 0. 88 L*min”'
Carrier gas(Ar) flow rate 1.07 L*min™
Sampling depth 7.0 mm
Sampler/skimmer diameter orifice Nickel 1. 0 mm/0. 4 mm
Scanning mode Peak—hopping
Dwell time 50 ms
Integration mode Peak area
Isotopes SV, SCu, ®Ga, ¥Y, "In, "Sn, “Ce, '“Eu, '“Dy, "“Tm, *Pb, **Bi

1.2 KFFFREBRE

V. Cu, Ga. Y. In, Ce, Eu, Dy, Tm. PbHlBi BbRERE RT3 NH,VO,, Cu(NO,),. Ga(NO,),.
Y(NO,),. &J&In, Ce(NO,),, Eu(NO,),. Dy(NO,),., Tm(NO,),. Ph(NO,),FIBi(NO,) i&T 2% (K 5>
¥, TFEDWRYERECHIT L, SniObRERE & H SnCLIET 1 - TURRREO EFR G FH 1 2 9UE L ) iR
TRFRENT G, A Ml 2R T FR A 4 i &8 71 3% B PR i S OB AR il . THRC BRI (K
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LR IE T Aladdin 23 /), Bl —ERME3RIE T Sigma 20 7, R IMBERE (DTT) W T B 258704 PR 2
"), HERIR A aisl s 2 L 20 s SEE s B K Y A Ak, d B A KA Milli-Q
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Fig. 1 Scheme of the preparation procedure of the polymer monolithic column
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Fig. 2 SEM images of the cross section of the polymer monolithic capillary
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Fig. 3 EDS of the Au NPs modified polymer monolith
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sample volume::

FTSCHU H 7T 200 A R, ISR T 120 pLemin” B, FEFEIE A, MR SE9000 MR S

A 100 pLemin™,
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RIuiE85% L L, H BB I TRAE ST LA BE AR, I B SRR R 1.5 mol - L',

KM 25 WL 1.5 mol - L R XTWR IH 1 H bR BB A IS A T 4 KR, %58 1 BRI R R ]
WCRA I . S5 SRFEHT, BT A B0 e i 2R 2 AR e] SR 06 H AR s 700 B el , 805 25256 8
50 wL 1. 5 mol - L™ i PR VLA TR .

£2 WA BAFEE E R

Table 2 The accumulated formation constant of complex

Ligand Metal ion ngl lng lgB3 lgB4
NH,CH,COOH Cu® 8. 60 15.54 16.27
Pb* 5.47 8.92
Dy 12.2
Er** 12.7
y* 12.5
CH,COOH Cu™ 2.16 3.20
In** 3.50 5.95 7.90 9.08
Y¥ 1.53 2.65 3.38
Sn** 3.3 6.0 7.3
Pb* 2.52 4.0 6.4 8.5

2.5 HEmIEREMmKL
F 5T FERRIE T R B AR ES T GRS, [ E & 4 m T RN E N S5 ng, 43 EEO. 1,
0.5, 1.0, 2.0 mLAYEES AW EAE, F50 pL 1.5 mol- L BURSTR BEITARIL . 25 SRR, (EREVEHIN,

PrAT BRI IR B R T 85% ., L3455 1B At #£3  FHhE T HERTE R M

[ A0S B, P AR50, 5 mL, BeBFEg EAE Table 3 Effect of interfering ions on the determination

I S min, BIE T HEREECOH 10 £, B B ofth target clemerts __

Coexisting ion Tolerance limit/(mg-1™")

10h7 Na* 6 670

2.6 MTMEZEE . S
TSRS F, AHILRR A WL T8 Tk 47 it 100

5%, KR BN TRET23MAN0. 5 mL 5 ug- L' H a 10

FRES T-RES R | TR B TR AL R (R o oo

T 25 1 o] i R AR5 7 85%~115% H B K I 77 85 19K H,PO,” 1000

JE) WA 3, 80" 2000

NO,” 15 000

2.7 SITEREER
2.8.1 WMHAFE 16 120 HbocE Pk s Pk et s % 5%, 4534, Eu, V. In, Pb
I Bi (R LR FE RO I 25 845 50 41 380, 475, 480, 585, 415 wg/m; ZMMIKESH H R E & 2%
fit, PR EHERESRSE AN RESR, T IZERFEN A&, BRI 2 BB . i
KRR, #E TR,
2.7.2 HEEHME. BEENMERES ERER AN THE 7 R—HR P 1T 3K
W9 MR AT TR B ARTC R RS e, IR SRAH A PRI R 22 (RSD) , Z55R &L, 1% 8 IR FE LN
EIEHR 2. 1%~6. 1%, T FEINE AR 2. 4%~8. 0%, 158 BHIZELAAAE Y ) 45 B ILPE B I

MR P AP 2 B R AR RE R B8R, ARSEE R A 50 pL 1. 5 mol - L™ HNO, X #EfcA:
BEAT P B RIAT B R AFAE T B E S SR T LIHBRICICRY , FEFE ] 20 wL 2% mh g i f i 2
AN HPf = R T A EARIEE DR EiPE T, AT EE A 120k LA L, i
HfaE kR i,
2.7.3 WHRSBEEE ERUEEANT, MATENIIEREHI TSR, SR NERIPIR, AT7
2R 3 A8 v A 22/ AR Hh 26 R A8 20K BB 4 0. 45(Eu) ~15. 4(Cu) ng L™, K 3. 0%~9. 3%,
FHERPETE IR 0. 002~20 pg- L', PEAHE R B KT 0. 99,

B AT IR AT PERE 5 SCHREE T EL S, 25 R ME S PR, WTLUE L, AJ7 kT DL E R 2 fh 4
JE It E A R T KT, S3Cik[21-23 ML, AT RNEFER RS IEBEER N, SH T2k
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RS AT . 5(22-23 AL, ARTFEWTSEBUEL T, W/NEIRIRIE, Sk, 53¢
BR[24-25 [P fd IR 2 BAE AL, A7 Au NPs SCPERY SR -5 0y B R0 48 Jm T 3= Wbt
REER; SREFELLANRES B S0 [26-28 JAHHL, A7 R B IR ASAR, RTbAT7E 420 HL
HAREWAESEE, 3o, WIS Eas R, Ok 8RR ST IS #E0Y HepG2 41 2% 4 30 000
AN, SCC-7ZHMIAHHEHCA 100 0004, 55 SCHR[ 28 | rboith 1o ] AH A& HOH A6 I 40 M 8 (AN 5 60 0004
HepG2 411, 300 0004 Jurkat T4tff1, 80 0004~ MCF-7 4H}1) A4

a4 RACSAE T Ak A S v B AN TR i M e R ST P

Table 4 Analytical performance of Au NPs modified monolithic capillary for the analysis of trace transition metal elements under

optimized conditions

Elements LODs/(ng-L™") RSD/% Linear range/(pug-L™") Equation r

v 2.73 3.4 0. 005~20 y=78 862x+4 147 0.998 9
Cu 15.4 7.8" 0. 05~20 y=47 584x+17 911 0.997 1
>a 1.90 6.8" 0. 005~20 ¥=59 290x+983 0.998 0
Y 0.86 6.1° 0. 002~20 y=131 774x+16 569 0.9979
In 1.50 9.3° 0. 005~20 ¥=91 761x+13 612 0.9977
Sn 5.74 6.1" 0. 02~20 ¥=52 595x—4 532 0.997 8
Ce 0. 60 3.0" 0. 002~20 y=178 908x—1 105 0.995 6
Eu 0. 45 7.4° 0.001~20 y=110 846x+10 431 0.996 9
Dy 0.86 7.5° 0. 002~20 y=58 140x+8 101 0.998 0
Tm 0.52 9.1" 0. 002~20 ¥=210 448x+15 665 0.9959
Pb 7.68 4.3" 0. 02~20 y=110 829x+46 061 0.999 5
Bi 1.93 9.1° 0. 005~20 y=119 765x-3 352 0.998 5

a: p=10ng-L™", b: p=100 ng-L™"'

&5 ARI07R EHAN RN E HERIT R B ERER

Table 5 Comparison of analytical performance of the proposed method with other methods for the determination of target elements

Adsorbent Method Element Enrichment Detection limits/(ng-L™") Throu%lll- On}/off- Sample Sample Ref.
factor put/(h™)  line  volume/mL
MWCNTs - SPE-ICP- V, Cr, Pb, Co, 66~101 1.3, 1.2, 0.7, 0.4, - On line 15 Fish, shrimp, [21]
IDA MS Cu, As, Cd 2.5, 3.4, 0.79 scallop
S-CS-MW- SPE-ICP- V, Cr, Cu, As, Pb  52~128 2.1, 3.8, 3.5, 1.3, - Off line 20 Herring, [22]
CNTs" MS 3.6 spinach, riv-
er water and
tap water
IDA-GMA-  SPME- Ti, Fe, Co, Ni, 55.6 0.3, 180, 0.9, 6.0, - Off line 50 River water  [23]
EDMA ICP-MS Cu, Ga, Cd, Sn, 15, 0.01, 0.09, 1.5,
La, Ce, Pr, Nd, 0.9, 0.24, 0.015,
Sm, Eu, Gd, Tb, 0.027, 0.012, 0.009,
Dy, Ho, Er, Tm, 0.015, 0.009, 0.012,
Yb, Lu 0.003, 0.0012,
0.009, 0.027, 0.012
ZrOZ—silica CME-ICP- Cr, Cu, Cd, Pb 6. 25 9.9, 17.9, 4.5, 3.7 8 On line 1.25 Human urine [25]
MS
AAPTS-sil- CME-ICP- Cu, Zn, Ni, Hg, 12.5 1.8, 11.8, 1.1, 3.3, 14 On line 1 Human hair, [24]
ica MS Cd 1.4 serum and
urine
APTES-sili- CME-ICP- Mn, Co, Ni, Cu, 20 6.2, 1.5, 5.2, 6.3, - - 1 Human hair  [29]
ca MS Cd, Pb 1.2, 14 and urine
GO-silica HF-SPME- Mn, Co, Ni, Cu, 10 7.5, 0.39, 20, 23, 8 On line 1 Evironmental [30]
composite  ICP-MS Cd, Pb 6.7, 28 water
v-MPTS  Chip-based Cd, Pb, Hg 50 0.72, 1.12, 0.86 - Off line 0.5 HepG2 cell  [27]
modified sil- MSPME-
ica-coated  ETV-ICP-
MNPs MS
APTES Chip-based  Cu, Zn, Cd, Hg, 59~69 49, 43, 4.2, 6.1, 5 On line 0.5 HepG2 cell, [28]
modified array Pb, Bi 13, 18 Jurkat T cell,
MNPs MSPME- MCF 7 cell

ICP-MS
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Adsorbent Method Element Enrichment Detection limits/(ng*L™") Throu%?— OITIOff- Sample Sample Ref.
factor put/(h™)  line  volume/mlL
GMA- Chip-based Bi 3.3 210 - Off line 0.1 HepG2 cell [26]
TRIM-NH, MME-ICP-
MS
GMA-ED- CME-ICP- V, Cu, Ga, In, 10 2.73, 15.4, 1.90, 10 On-line 0.5 HepG2 cell  This
MA-Au- MS Sn, Pb, Bi, Y, 0.86, 1.50, 5.74, SCC-7 cell  work
Cys Ce, Eu, Dy, Tm 0.60, 0.45, 0.86,

0.52, 7.68, 1.93

a : Schiff base-chitosan grafted multiwalled carbon nanotubes

2.8 YRS

P47 75 T HepG2 IR AN SCC-7 B B AN v &2 Jm e BRI & ReohT, 4o, 707
R, AR EIRIC R ST AN KK IRIEAR 7 1k BE 0 S 40 R 7 B 0 G b
TEWE TN TP, X PR A ML 7 DIAR IS0, o Cu IIARAK R S pe- L, HETCENMFRAK R
0.5 wg L' 118453 HepG2 21 Al i AR [l U 22 7 89. 19%~112%, SCC~7 4 M i IR [u] g 2 A 85. 4%~

114%,
#6  HAIRTCHETE HepG2 AR F ) 73 M2t R CPIEebRER 2, n=3)
Table 6  Analytical results of target elements in HepG2 cells extracts(mean+sd, n=3)
Element Found*/(pg-L™") Average”/(fg-cell™) Found/(pg-1™") Recovery/%
\% 0. 005+0. 001 0. 083+0. 012 0. 499+0. 067 98.9
Cu 2.027+0. 185 33.78+3. 088 7. 561+0. 233" 108
Ga 0. 030+0. 003 0. 502+0. 047 0.541+0. 031° 102
Y 0. 002+0. 001 0.041+0. 013 0. 490+0. 007° 97.4
In N. D. N. D. 0.511+0. 018" 102
Sn 0.061+0. 010 1. 025+0. 170 0. 525+0. 008" 93.4
Ce 0. 006+0. 001 0.096+0. 017 0. 569+0. 023° 112
Eu 0. 009+0. 001 0. 142+0. 019 0. 473+0. 008° 93.1
Dy 0. 005+0. 001 0. 083+0. 017 0. 454+0.00° 89.8
Tm 0. 003+0. 001 0. 058+0. 011 0.517+0. 041° 103
Pb 0. 058+0. 010 0. 975+0. 169 0. 542+0. 041° 97.1
Bi 0.356+0. 011 5.93+0. 177 0. 762+0. 045° 89.1

N. D. : not detected; a: determined value for target elements in 30 000 cells, b:

content of target elements in one cell, calculated by divid-

ing the determined value(Found*) with cells number(30 000), c: 0.5 pg-L™" of target element was spiked into 30 000 cells, d: 5 pg-L™" of tar-

get element was spiked into 30 000 cells

%6  HARICRAESCC-7 MR h B 2 2l R CPIEbRER ZE, n=3)

Table 6  Analytical results of target elements in SCC=7 cells extracts(mean+sd, n=3)

Element Found*/(pg-1.") Average”/(fg-cell™") Found/(pg-1.") Recovery/%
\ 0. 007+0. 001 0. 035+0. 005 0. 523+0. 028" 103
Cu 2.904+0. 136 14.52+0. 68 6. 752+0. 206" 85.4
Ga 0. 031+0. 001 0. 157+0. 006 0. 554+0. 042° 104
Y 0. 013+0. 000 4 0. 065+0. 002 0. 485+0. 030° 94.6
In 0. 004+0. 000 5 0. 021+0. 003 0. 499+0. 061° 99.1
Sn 0.010+0. 001 6 0. 052+0. 008 0. 492+0. 022° 96. 4
Ce 0. 019+0. 002 0. 097+0. 010 0. 484+0. 018° 93.2
Eu 0. 007+0. 000 0 0. 034+0. 000 0. 547+0. 046° 108
Dy 0. 007+0. 000 6 0. 037+0. 003 0. 531+0. 049° 105
Tm 0. 007+0. 000 6 0. 037+0. 003 0. 577+0. 008" 114
Pb 0. 067+0. 000 7 0. 335+0. 004 0. 542+0. 026° 95.6
Bi 0. 058+0.003 0 0.290+0. 014 0.541+0. 013° 96.9

a: determined value for target elements in 100 000 cells, b:

content of target elements in one cell, calculated by dividing the determined val-

ue (Found®) with cells number (100 000), ¢: 0.5 pg-L™" of target element was spiked into 100 000 cells, d: 5 pg-L™" of target element was
spiked into 100 000 cells

3 %

e

A TLAEFI S5 Au NPs Z [HIH) 58 EAVE AT, SR L-Cys £E poly (GMA-EDMA~-Au NPs ) F i FE 4
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AR AT, S T AR B AR

ARS8 1 Au NPs UV SRR AR IRAMG . B A e, TR M 120 IRDLE, AR0RAR T
SCIFERS AR s AR 7RSSR R AN AT, S AR A A CGE BORERESB. N TR, s
AR, HTRZEBMNE . WA ERPEI I S 24T, kS ke . SRR ARTT AR
TS RERZEA, FREER 100, DGR E R T 2R Lkl ik, FIRZ AR R, Pr
TR R R A, GRS TR, R T Au NPs SUVESR S B R B AN E AU
ARAEAMIFE S SR HT U 5, wohAiiE Ry . SRS e B R B 3R
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