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Rapid determination simultaneously of twelve kinds of nitrophenolic
compounds in water by modified QUEChERS-GC-MS
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Abstract: Objective: A simple, efficient, rapid, sensitive, repro-
ducible, accurate and rapid method was established for the simul-
taneous determination of 12 nitrophenols in water. Methods:
Magnetic Fe; O, nanoparticles loaded with bifunctional octadecyl-

amine functionalized carbon nanotube composites were
synthesized by coprecipitation and hydrothermal methods. The
sample pretreatment method of QuUEChERS was optimized and
combined with gas chromatography-mass spectrometry to
establish a method for the simultaneous determination of 12 kinds
of nitrophenols in water quality. Results: The optimized QUECh-
ERS sample pretreatment method gave the advantages of
magnetic nanoparticles and carbon nano materials. Under the con-
trol of these conditions, high efficiency of purification of the 12
kinds of nitrophenols in water was found, with shortening the
pretreatment time, eliminating matrix interference, and omitting
complex operation steps of filtration and centrifugation. The es-
tablished sample pretreatment method was based on QUEChERS,
and the concentration range of 0.05~0.20 pg/mL has a good line-
ar relationship, with the minimum detection concentration of
0.009~0.010 pg/mL, the average recovery ranging from 82.2%
to 94.6%, and the relative standard deviation less than 10%.
Conclusion: Compared with the traditional technology, the opti-
mized QuEChERS technology has the advantages of simple opera-
tion, strong adsorption capacity, low cost and small amount of
organic reagent, and can realize the integration of enrichment and
separation.

Keywords: QuEChERS technology; nitrophenols; gas chroma-

tography-mass spectrometry; magnetic nanocomposite
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N bE R R B A A I (Crg) 41 99.6 % YT 44
KA R A

P . i 4l 40 RE 99.6 %4 P22 Tl K 414k TR A 7 5

EC ke i 4l 46 B 99.6 %, iR I T I 15 Rl 5 A
R 5

O AaAE A, Sl B 99.8%6 , R WL T BE AR AA B A
B2 ] 5

NH, « H, O, Z 4 £k $h (FeCl, « 4H, O) F1 = # &k £h
(FeCly « 6H,0) 4l )i 99.6 % . L BT IR R H A BR A 7 5

T\ Bt - 4 B 98,86, R LK TIT W AR 3K T R A R
/NEIE

AR R A Al 99.1 %, dL TR B A R A

B AR 98.9% AL IR B A FRA 5

RIS K : ZRZE K B

12 Tl 35 Y b o 9 5 2- Y R L 3- PR 3E-2- Tl S
A-FR R 2 BE Y O PR G- 2- A L 1Y L 2, 5 T AR L 3
Wy 2, 4- 4 HE T L A-B JE Y L 2, 6- Tl 3 L 3 Jk-4- i
FEWY 6-F E-2.4- TR EEMY.2.6- U BE-A-RY R ) Al
=99 %6 A6 T J7 108 S AR HE W) B H R BR BT A 5

K BTRE B« SR B 22 N T A T AR 1
1.2 RWEAE
1.2.1 REYE Fes Ov Kbl a5 R AL 2% 2L U008 %
i A5 A DU AL = AR ARk T BRI 56 0 R S B S
wk[24].
1.2.2 TABEREIIRALBR AR A MBI E B BRI
100 mg Ak B 44 K 54 A F 250 mL [5 i B i H (R 44
KB RS BRSOk [25 D, i A 100 mL 2 B 7
30 min i HSg 2 ¥ A NA 400 mg + A\ ki, 70 CF
PEFE 2 h. 8043 85 (6 000 r/min. 5 min) » ] W FEMIK Bk
WP, LA T 1
1.2.3 f M DU A = R 90K R T $H 2R T RE AL £ BE Bk 44k
BT AR MR A L % 10 mL AR vk B N
10 mg/mL %1 44 K L 22 9 4t Jin A T e AL 1) B 4 K 48
R T OIS W R L 110 C v B EE 8 o 1 B
BB 57 A WOE R W R W o R ZE R K R
%3 WG T 80 CHZ T 4 h, BI15 B I 47 #) (MNPs/
ODA-CNTs) . %A MY & UL ANG AL s B a0 1 1
FiR .
1.2.4 K 12 R 3L 2510 & 0 SR I S ik L
T — 2 PR B K T B = A R R A 9 M 4 K
B ARG 5 min J5  FESMNEE G BG4 8 O B W
T O — A=A, B LR ERAE S I W OCRE M R R
FI 5 mL Z @ W E 53 PR DR, DR AL 0.22 pom JE IR
BRI E .
1.2.5 JRRE& M fo3% 4. CP Sil 24 CB #J, K 30 m, 4
£ 0.25 mm, B 0.25 pms AR 150 °C L FER A6 T R )%
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Figure 1
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Figure 2 The typical TEM images of the M-CNTs /ODA

nanocomposite

(d) ZEME

The formation mechanism of the MNPs/ODA-CNTs nanocomposite

2.1.2 Xfiiht AR X7 5 (XRD) W E T 6 4 99 K b
TR RZE R . 0 3 BR . iV B 98 Ok &2 5 MR AT
5B S A RERTT (Fes O ) 147 HE A7 5T 8 3520 4F % 45
¥, 7E 20 H 30.10°,35.34°,43.32°,53.51°,57.19°,63.18°
Qb B L P AR R 1 6 AN AT G i L X T 1 1R 4 BRay
Bk (220),(311),(400) 5 (422),(511) , (440) , fiE 24.2°4k
HH T B 4 KA G 7 1) i TET C002) 14 A1 49 1

2.1.3  GARB—BLRE B4 TS0 R B B B A TR
LR RAETAR M AR FE 7 (P/P°>>0.9) T #4718, 36 B 3% 15
PRGN K T G R — R LA T B AT R T

2.1.4 iSRG G0 5 iR M-CNTs/ODA 1 5 K Hifg
G AL 5E BE ] 3k 2,75 emu/g. IR &5 5 R B, Bl & 1Y
M-CNTs/ODA E. 4 # I @ 1t X & B T M-CNTs/ODA
R TCE AR Fe, O, WEGR R EE 1. SCEk[ 2874
E L 8 MR M 5 R R 5 DDA OG . X g K JBURE R SE /N
B L A b B RO B Sk % R S 8 I 1

2.2 QUEChERS &b 32 & {4 £ 4¢,

2.2.1 pH{HMW @i A 1 mol/L ik ok & Al 1k 44
VR T RE S pHL (E L 7E 2~12 9 pH I B P9I fL R
v VA T 5 R R A 2- S SR R S bR . el 6
JiR FERZ) 10~11 (1) pH {H T R4 e K IR i & |
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Figure 3 The X-ray diffraction pattern of the M-CNTs/

ODA nanocomposite
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FE . WM T PR AL R 3 BT 4 0 2 ] R Y
AT LAZ W T A SR AR 4 3 R AR R KA R ﬂH‘HéJ\
2% il A B A7 AT A R K
2.2.3  FIUWF ] B9 BFSY ER B I 100 mL K B AR
543F 250 mL =AM H 4 SRR 1.2.3.4.5 5. 0l
T B S vk BE O 10 pg/mL B 2-ff % B A o 6 45
200 pL JR 5T, BN 40 mg i HEANK B G AR 5 1 BE
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25 LV B AR 4 3R S mL G R e e L AR
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Figure 4  Nitrogen adsorption-desorption isotherms of

the porous M-CNTs/ODA nanocomposite
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FAZMNATT I 25T AR 48 3 fo g 2k 1 2 Ak & W 3 &
3 B R AR AR

2.2.5  ZMEOCER O bR MEVE WO BE R 41 0.05,0.07,
0.10,0.15,0.20 pg/mL #5745 i i 28, 76 18 16 1 i 56 4%
HF O EAKF AT 6 E LM E . i3k 2 iR, 4531
F W] HE 0.05~0.20 pg/mL J5T & ik B 3 [ 2 A AR 4F £k 1k
KA EARR BT W BE R 0.009~0.010 pg/mL, MH3E R
BoR 0.996 3~0.999 7, — T H T+ /AbElkSFHREH
AN T A B 48U AR 2 T 1% 8 i 4650 PSA R &
SR B TR G AR AR L 5T — T T ) B Ak G P ik 4

_30p
Tb.o 2.51 e i
co20fr ="

E 15t ¥
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Figure 5  Vibrating sample magnetometer curve of the
M-CNTs/ODA nanocomposite
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Figure 6 The effect of pH

1 SUMNFRERE 2-HEMRRNZMN
Table 1 The effect of sample salinity on the extraction recoveries of the 2-nitrophenol
RN BT g/ WA/ FIMEE/, CFH IR/ RSD(i=3)/

(mg+ mL~ 1) (pgemL™1)  (pgemL™D % %
0.0 0.200 0.166 83.0 2.14

0.5 0.200 0.172 86.0 3.02

1.0 0.200 0.169 84.5 2.16

3.0 0.200 0.163 81.5 1.98

10.0 0.200 0.162 81.0 2.09

20.0 0.200 0.168 84.0 2.21

25.0 0.200 0.160 80.0 2.17
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Figure 8 Comparison of two different methods

k2 ZEXENRREHRE
Table 2 Linear relationship and minimum detectable concentration
28 AR K il B
mw T, s R
2T 5k iy 0.05~0.20 0.999 4 3.678 0.009
3- F 5 -2- i 35 iy 0.05~0.20 0.999 2 3.223 0.020
A-HY JE-2- il B Ty 0.05~0.20 0.999 1 2.898 0.030
5- 1 BL-2- it 3 1y 0.05~0.20 0.998 9 3.098 0.009
2, 5- i M 1y 0.05~0.20 0.999 3 4.342 0.020
3-fil§ HE 1y 0.05~0.20 0.999 5 3.688 0.020
2, 4- T A 0.05~0.20 0.999 4 3.954 0.030
4Tl 35t iy 0.05~0.20 0.999 7 5.678 0.009
2.,6- il Ky 0.05~0.20 0.999 1 4.986 0.020
3- 1 -4~ it 35 1y 0.05~0.20 0.999 5 3.781 0.030
6-F J-2, 4- B Bk 1y 0.05~0.20 0.996 3 2.098 0.010
2,6- " B-4- il L 1y 0.05~0.20 0.999 3 2.323 0.010

KT AR R K W B s AN K B 3R AR, 5 1% G
FEAT AR L+ 126 Ak 7000 5 I8 e AR 5 1 TR 7S 40 2 i b K
Ry,
2.2.6 FE T 3 4 51 R 0,03,
0.05,0.10 pg/mL, & — 3 A FE & EAT 3 W A S Ak

B 1.2.4 D5k AT . I R b oP A 2 T R AR B
FEO3 T RE IARAE S P S R B B B A S TR

- IR 1l S AR A it B S 24 Tl SR KR T RE 45 R

W3 3. M E 3 A, T I R R 82,20 ~
94,6 % , H A 1A 22 (RSD) <10 % (n =3) ,

x3 MERERAOERERBEE
Table 3 Recovery and precision of labeled sample %
Fea 0.03 pg/mL 0.05 pg/mL 0.10 pg/mL

" FHEGCR  RSD  FEMEE  RSD  PHEIKR  RSD
2-1itf HE 1y 82.2 2.93 91.3 4.29 92.3 4.69
3 B2~ il JE 1y 87.8 3.22 89.3 3.31 91.3 3.21
4- B -2l 35 Ty 84.4 3.26 88.0 3.53 90.7 3.83
5-F S5-2- i L 85.6 4.61 91.3 4.11 95.7 4.21
2,5-hE 3T 86.7 4.82 89.3 2.83 91.3 2.03
3-1itf H 1y 86.7 2.59 92.0 5.16 89.3 5.26
2, 4- iy A 86.7 4.84 90.7 5.63 92.0 5.23
A-1i 5 Wy 85.6 5.25 90.0 4.93 91.7 4.63
2., 6- i i 87.8 3.93 89.3 4.32 91.3 4.82
3 -4l FE Y 90.0 2.51 90.0 2.62 92.7 3.62
6-H 32, 4- R4 L 92.2 3.93 89.3 3.73 91.3 3.13
2,6~ 1 - A-fil§ 3 1y 86.7 4.01 94.6 3.25 87.3 2.25
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