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Solidphase extraction based in tube filled-magnetic carbon nanotubes coupled
with GC-MS for analysis of polycyclic aromatic hydrocarbons in environmental

samples

ZHOU Chanyuan™ , MENG Tiao, YANG Chunyan, YANG Yike ( School of Chemistry and Materials Engineering,
Guiyang University, Guiyang 550005)

Abstract: The in tube filled-magnetic carbon nanotubes ( IF-MCNTs) were prepared by in-situ method. A
method based on the magnetic solid-phase extraction ( MSPE) coupled with gas chromatography-mass
spectrometry ( GC-MS) was developed for the analysis of polycyclic aromatic hydrocarbons ( PAHs) from
environmental soils and algae samples. Transmission electron microscopy (TEM) , X-ray diffraction (XRD) and
Fourier+ransform infrared ( FTHR) spectroscopy were used to characterized the IF-MCNTs. The effects of
extraction solvent, desorption solvent, extraction time and desorption time on extraction performance were
investigated. Under optimized conditions, IF-MCNTs showed high adsorption capacity towards naphthalene
(NAP) , acenaphthene ( ANE) , fluorine ( FLU) , phenanthrene ( PHE) , fluoranthene ( FLA) , pyrene ( PYR)
and benzo( b) fluoranthene ( B(b) FL). The corresponding saturated extraction amounts of IF-MCNTs were
197.2, 247.8, 293.5, 387.1, 488.5, 504.2 and 43. 6 ng/mg, respectively. The calibration curves for seven
polycyclic aromatic hydrocarbons ( PAHs) all showed good linear relationships in the range of 5.0 — 500 ng/L.
The detection limits were in the range of 1. 7 —=3. 1 ng/L, with the relative standard deviations ( RSDs) less than

6.8% . This method was successfully applied in the determination of PAHs in environmental soil and algae
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samples with the recoveries of 73. 5% —97.2% and the RSDs of 3. 4% —9.5% . This method showed a great

potential in the determination of PAHs in complex environmental samples.

Keywords: magnetic solid phase extraction; carbon nanotubes; polycyclic; aromatic hydrocarbons; environmental

samples
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Table 1  Quantification ions for the determination of

7 kind of PAHs in SIM model

Retention Quantification ion

Analyte Time/min
time /min (m/z)
NAP 6.13 5.02 -8.00 128
ANE 9.34 8.01 -10.00 153
FLU 10.55 10.01 -12.00 166
PHE 13.02 12.01 - 14.00 178
FLA 16.33 14.01 -17.00 202
PYR 16.78 16.01 -20.00 202
B(b) FL 21.07 20.01 -23.00 252
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Fig. 1

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

TEM image ( A) , XRD pattern ( B) , FTR spectra ( C) and magnetization curve ( D) of magnetic CNTs
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Fig. 2 Extraction amounts curves of IF-MCNTs
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Fig. 3 Comparison of the extraction performance of
IF-MCNTs with other materials
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Table 2 Liner ranges, detection limits and precisions of IFFMCNTSs enrichment based
GS-MS method for the determination of PAHs

Analytes Regression equation R Linear range/( ng/L) LOD/( ng/L) RSD/% (n=3)

NAP y =1008x + 819 0. 9946 5.0 -500 3.1 6.1

ANE y =3078x + 1913 0. 9975 5.0 -500 2.2 5.3

FLU =7124x + 1532 0.9973 5.0 =500 1.8 5.8

PHE ¥ =8419x + 13425 0. 9991 5.0 -500 2.3 6.4

FLA y =20414x + 8045 0. 9983 5.0 -500 1.7 3.7

PYR y =13840x — 15674 0.9976 5.0 =500 2.3 4.9
B(b) FL y =1315x -923 0. 9874 5.0 -500 2.8 6.8

x3 HEEGRPERSRERARSHAENLLER

Table 3 Comparison of different methods for the analysis of target PAHs in environment samples

Sample pretreatment Detection

Consumption of

Consumption of

Matrix LOD/( ng/L) Recovery/% References
method method sample elution solvent/mL
0.1 mL ACN +4 mL
LLE HPLC+LD Milk 2g 30 - 1660 70 -115 (15]
cyclohexane
Online SPE HPLC¥LD Water 100 mL 10 mL ethanol 0.002 -0.5 - [16]
IT-SPME HPLCFLD  Water 5 mL 0.76 mL ACN 2.3-28  72-110 [17]
LSE HPLCFLD Milk power lg 33 mL hexane 0.4 —-4900 79 — 105 [18]
HS-SPME GCMS Soil 10 g _ 1.5-2.7 84 - 102 (7]
Grapheme /SPME GC¥ID Water 10 mL _ 7-9 92.8 =110 [19]
ASE/SPE GC-MS Soil 20 ¢ 20 mL CH,Cl, 4.8-25 55.4-123 [20]
CNTs/MSPE GC-MS Algae 0.5¢ 0.4 mL acetone 1.7-3.1 88.1-97.2
. This work
Soil lg 0.4 mL acetone 1.7-3.1 73.5-92.5
HITRH GC-MS FEATRE A AT BE BN 2c - ME {EYE Y 98.6% ~ 145. 1% Z [6], LB ] GC-MS

JEE SRR R B O T 32BN SR
RIS, ARSI A0 70 0 - S RIZK B i v 4
SIS I AH [E) ¥R BE B PAHs bR FE (N AR 7K S R
5.0 ng/g) , FLH 7 Fp PAHs TE4EF 5 - A m (B A)
FESE TR IR A M 17 L B) L 45 3 5L i) iy
AEXIHREE( ME) ,ME = ( B/A) x100% . 7 #'PAHs [

AN PAHs B H B (2 A RN o A T E—

AT TF-MCNTs {555 35 B30 AR , i 2 i e

WSS, 57 R AT SEVE AR . 3R 4 AT,

-5 5 A i A BT 4y ) Oy 73, 5% ~

92.5% ,88.1% ~97.2% , 3iBAR F] IF-MCNTs X £ iy
P TRTAREE, FTA RUTHRERE RUN (5 o

F4 TmEKEREGP PAHs BN R MAREIKERLER(n =5)

Table 4 Results for the determination and spike-and-recovery of PAHs in soil and algae samples( n =5)

Original / Measured /
Samples Analytes RSD/% Added/( ng/g) Recovery/% RSD/%
(ng/g) (ng/g)
Soil sample NAP N.D. — 5 3.675 73.5 9.5
ANE N. Q. — 5 4.2 84 7.8
FLU 1.3 7.6 5 3.012 75.3 7.3
PHE 4.8 8.1 5 3.3 82.5 3.5
FLA 0.6 8.6 5 4.505 90.1 5.6
PYR 2.6 8.5 5 4.265 85.3 5.9
B(b) FL N.D. — 5 4.625 92.5 6.3
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223% 4( Continued Table 4)

Original / Measured/
Samples Analytes RSD/% Added/( ng/g) Recovery/% RSD/%
(ng/g) (ng/g)
Algae NAP N.D. — 5 4.785 95.7 5.2
ANE N.D. — 5 4.405 88.1 3.8
FLU N.D. — 5 4.82 96.4 4.8
PHE N.D. — 5 4.86 97.2 6.1
FLA N. D. — 5 4.58 91.6 3.4
PYR N.D. — 5 4.76 95.2 2.3
B(b) FL N.D. — 5 4.615 92.3 5.6

N.D.: not detected; N. Q. :

not quantified
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