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ZNCL-G 2 BERE S48 1 BAes (g SO B & A R D s HH-2 f5 R KW B (B I B 22 BT i as T )
PerkinElmer Spectrum 400 F { HL At 21 40 G35 (6 [ 31 4 B R BRAL 28 A FR 7)) . Waters E2695 &4
AR 0 35-2475 5 Y6 K M % (35 B Waters 2> 7)) F T K 0 43 #7 9. & $ /& ZORBAX Eclipse XDB-C18
(4.6 mm X250 mm,5 pm, L ELHERFHL A RA FD @5 M Sepax GP-C18(4.0 mm X 10 mm,5 pm, 78
N FE ST B A A BR A R PRI AT FH T 53 25 43 B ) i R I 45 1 - PR BRI K (78 = 22,V VD R sl AR, Y i
WH 1.0 mL « min~ ' FEECH 30 CLEREARRCE 20 pL, U B L1 19 & S A 300 nm, UL KR 278 nm.

4-J FE Wy (4-Heptylphenol, 4-HP, 98 %) . 4-3 3£ [} (4-Octylphenol . 4-OP, 98 %) . 4-F 3£ [} (4-Nonylphenol ,
4-NP,98%6) F & FR A (98 0 W T 22 s bR A AL ) A BR 23 W) Gl Ak Al (NaCl, 99.5 6) Al ER iR (HCl, 36 %6 ~ 38 20) 1y
TR A5 9 FH BE(99.9 Y0) W T 38 Bl K M\ w) L 5256 FHZK A 467K (18.20 MQ » em).

PR Gt 45 T FREIGE & 4-HP  4-OP M1 4-NP, I H B Bl 200 mg « LAY TR A Fr o % 45 VL.

T AR - FH R Sk 76 B At A T W ) 100 pg » LAY AR .
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TR AR L I F R 15 5 — 0 BOR R T 22 LS B AN &1 1 B 7. B 56, U5 mL 3547 100 pg -
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AR R VS W 1 58 TR AN 55 R 1R S A U 7K 58 R L I 181 5 43 BCE AR s v . 5 e [R] i, 4-HP . 4-OP il 4-NP i
ik 5 A i 5% TR AN T BB A A A SHJ 3 R I 4 2 . SR TN A 43 B R R SO B G HLEL 8 000 r/min
B0 4 min, T 2SR S TS A5 B [ -V A 43 B VS . e e P BT S TR G AR R 2 KA L A5 B [E A
A A 100 L F B fel O i, FH T Z80HRR €835 43 AT
1.3 XLBREmM

WK TRK BT K 40k AR B S TR KA AT 0.45 pm JE R BT UE L T 4 C OB IR AR5 H.
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x1 FHEIEM
Tab. 1 Methodological evaluation
LT Re/ BN Rz i B/ FEHEFR/
ST R? HPW RSD/% HIIRSD/%  EHEMEH
(pg+ L7H (pg+ L7H (pg+ L7H (pg+ L7H
4-HP  Y=591 494X +5 000 000 0.999 0 0.2~400 0.05 0.2 = 3.7 < 3.1 38
4-OP  Y=588 894X +1 000 000 0.998 3 0.3~400 0.10 0.3 < 2.1 < 2.7 21
4-NP Y=1454 863X —692 456 0.998 5 0.2~400 0.05 0.2 = 1.9 = 1.8 24

2.5 EEREFSED

AR 735 N F FA K WK TR K PR KRR v e S 1 0 L 25 SR a2k 2 B R, DK PR 4-HP Y
JE W NT 0.2 pg o L1 B K 5K A K Lo T 58 E 2% 7 1k R L AR S e A B T 15 Al
50 pg o LoV bR ) 5B Y 4-HPL4-OP H1 4-NP bR o175 W 3 e 5L 1 #9 hn bk 810 =k 92.3% ~
115.7% s RSD <<4.5% , F R B 720 i e 6 i 07 v 1% A 0 352 L 18] 4 8 28 1 FUINAR 300 KRR 19 W AH
o3 it A
2.6 kI

W% 5 HoAth B A9 0 e B ) R R AT X e L g5 SRk 3 iR, 5 SLLME-GC-MS, SDME-
HPLC-PAD 1 UAE-DLLME-LC-MS/MS # It , A& J5 i B AT LOD %, RSD /N, % WU 4 £, H A 7 28 %
F14 ) & 7T D) 5 9 R0 R AR AL 5 LLE-GC-MS M L, A J7 i B 8 U (8] 58 L RSD /s, 6 U7 4 46 56
TS N ST P s IRV CONEy AT N G 203, A NI [ S S 7 N T B ] D e R 2= ) @ = S A o )
A3 B A
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Tab. 2 Detection of alkylphenols in real samples

TR WK NERCIVN B IK
ST T/ G YR A ] K vk s g K vk s i
- RSD/% RSD/% RSD/%

(pg* L7 /(ug- L7  &R/% E/(ug s L7 R/Y% /(g L7H /%
4-HP 0 N.D. — <LOQ — — N.D. — —
15 15.7 104.7 0.9 16.3 107.6 3.1 15.4 102.7 1.8
50 48.8 97.5 3.2 53.5 106.7 3.5 55.6 110.2 3.8
4-OP 0 N.D. — N.D — — N.D — —
15 14.3 95.3 4.5 17.4 115.7 3.7 15.9 105.7 2.2
50 47.6 95.3 1.6 50.4 102.3 3.9 53.6 107.2 1.6
4-NP 0 N.D. — — N.D. — — N.D. - —
15 14.5 96.3 3.4 13.9 92.3 0.5 15.7 104.7 0.9
50 50.8 101.6 2.8 52.4 104.2 2.8 54.2 108.3 1.2

HNDEREA K LOQ e &R, “ — R AR M.

Aex:278 nm
Aem:300 nm
4-\P

SO R0 |V
vl J\A ~
A

I

EU
g

0 5 10 15 20 25 30
t/min

B AR E K IGIPLCE HE ], AR IR BIRFEO (2), 15(b) FI50(c) wg = L

I[ig.1 PLC chromatograms of river water spiked with 0(a), 15(b) and 50(c) ung-= L’
4£ A
3 &F

A SCHR T — i 3 T DS AR A A R O R 5 — 0 IO VR TR AR IO 5 K R v o R @ﬁﬂ@%ﬁﬁ%
2715 LSS TR AR AE S 43 B0V R A8 BRI L T A R TR s L 28 TR A 5 TR B IV A B BE R e kI aE i
2SR Ji A T 88 7K P AR R 5 790 1 2 TR Pl T 28 R A o A U T K, DAL A 1 28 TR 34 ) A BAE K I VR
T A2 I, AN T A A FE A LI SRR R 4 BOR). A B 5 IR A0 T 3 I ZEIUAE 40 CoKIs ik AT ZE K
Jei o A BB N A 43 5, [ B B0 ak R L RV A, A9 2 ) AR R 2 AR 4 A A3 B T TR AE AL AR
F4-HPHI 4-NP (L PEFEF K 0.2~400 pg « L1 4-OP (L YETEFH A 0.3~400 pg « L1 RPEH L RO
F0.998 3.LOD I LOQ %354 0.05~0.10 pg » L ' A1 0.2~0.3 pg« L ' HNAH A B E<3.7%. &
BEAGECH 21~ 385 i RO 0 33 7€ ARG 0 #5 35¢ FH o 07 T 0 28 YT K L T YRS K R K B S K RE 3 A e
LWy R AR mICR Ry 92,306 ~115.7 %o A Jr i B A AT L PRt | R B A | 8 A AR L JE — D
BT B VBT A A SBOASE 2, T e T E A B 5 9 G W Y G B AR LRI D YR A A A R A S B 4
.
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Tab. 3 Comparison of methods
T RES L] AU WA LOD/(pg+ L7 RSDY%  Z% Hk
LLE-GC-MS AU A A-BUE R L 4-TF ) = L BERE AT ) 5 min 0.002~0.007  =7.2 [2]
A-RUT LR L 4-1F 0B A 15
SLLME-GC-MS A-AUE LA L 4- T S AT A7) 48 4 7 10 s 0.13~0.54 =8.9 [20]
437 B OB A
SDME-HPLC- XU A 4-f3SE HE R B IEFEE-EFEP 1, 40 min 0.33~0.67 <8.3 (5]
PAD AT K Vi VIREY
UAE-DLLME-LC- WA = TR LN AL Bk 30 s 0.2~2.5 <10.5 [21]
MS/MS 4B RN L PUIE B L IR
pH-DLLME-HPLC- AP B 4 IE BETR B 20 s 0.05~0.10 =3.7 AW
FLD )
T : LLE-GC-MS Jy 9 3 B M €532 B3 12 , SLLME-GC-MS Sy 1] ) 360 3 W2 4 B0 40,33 - B2 3% . SDME-HPLC-PAD y 83 i %
S O 685t — B P P 1 G 2 UAT-DLLME-T.C-MS/ MS 8744 B 28 F 30 B TR 0o
& £ X #
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Acid-induced dispersive liquid-liquid microextraction based on in-situ formation
deep eutectic solvents for determination of alkylphenols in environmental
water samples via high performance liquid chromatography

Zhang Kaige, Chen Yanrong., Wang Ruoyan., Dong Shuang, Ding Wenbo, Wang Jing, Zhu Guifen

(School of Environment, Henan Normal University, Xinxiang 453007, China)

Abstract: In recent years, the water pollution of the Yellow River has become more and more serious, among which al-
kyl phenols are one of the important pollutants. A new acid-induced dispersive liquid-liquid microextraction based on in-situ for-
mation of deep eutectic solvents was developed for extraction of alkylphenols in the Yellow River, Weihe River and lake water.
In this method, sodium caprate was used as the extraction solvent, and after the addition of hydrochloric acid, sodium caprate
reacted with hydrochloric acid to generate capric acid, and then alkylphenol was extracted by in-situ formation of hydrophobic
deep eutectic solvent with the generated capric acid. Under the optimized conditions, the linear range of 4-heptylphenol and 4-
nonylphenol was 0.2—400 pg *+ L', the linear range of 4-octylphenol was 0.3—400 pg + L', the limits of detection and quan-
tification were 0.05—0.10 pg * L™! and 0.2—0.3 pg « L', respectively. And the intra-and inter-day precisions were <<3.7 %.
The enrichment factor was 21 —38. Coupled with a high-performance liquid chromatography-fluorescence detector, this method
was applied for the detection of alkylphenols in environmental water with the recoveries of 92.3% —115.7%. This method has
the advantages of simplicity, speed, low cost and environment-friendly.

Keywords: deep eutectic solvents; in-situ formation; dispersive liquid-liquid microextraction; high-performance liquid

chromatography; alkylphenol
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