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ABSTRACT: At present, the problem of pesticide residues has become a hot spot for the whole society. The
development of fast, reliable and environmentally friendly pesticide residue pretreatment detection technology is of
great significance for the rational use of pesticides, protection of the environment and protection of human health.
Dispersive liquid-liquid microextraction is a new type of liquid-liquid microextraction technology developed in 2006.
It has the characteristics of simple operation, high enrichment factor, and small amount of organic solvent. At present,
it has been widely used in the detection of pesticide residues. In this paper, the application of dispersive liquid-liquid
microextraction in the detection of pesticide residues in water, vegetables and fruits, milk, wine, honey, cereals, tea,
traditional Chinese medicines, soil, and biological samples was reviewed, and the prospects of the method were
prospected.
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1 51 &

gy HL W W T A B (dispersive
microextraction, DLLME)J& Rezaee 2 I7E 2006 4E4% H il —
R BB MR BB, IR R BT B AR e e S v
WOR/IMARFR AL BGR 2Z 0] (4 3 B, AH S RO AR i BOR
FEML, FEAR SRR R SE A I e R R S R I AT
FEEEBGA A — @ U OR, 22 BUR R 80502, T
TR ARSI ZE BOGR h AT BRI b . LR ZE TG
FE AT TGN BAE R AR S TR IR A BN U N, TR
AR U -3 WOR - VA T AR FLIR IR R, AT R T
ZEBGAIFN B AR BT 0 A E AR, (8 B AR BT AR S
T e FE I 22 [ BR S A 1) 4 ST A6 17 5 A 2 T

AULEG R B A L, ZBAR AR . o
WL ORAL . BEMGEE . TRA VAT AR . BT
(5 SR A, BT Z N T2 F A PRSP g
BT o F W), DLLME A S 200 40 0h i B A WA
mi AR 2 % B 0 43 ATr, X AR AR R 3E MR R 2% . IRAESR
Wit 25 7 TR A AR (£ 5 00 8 A ), AR U B M AR 1Y
R B T R0, B /N L a5 ARG T 3 10 A 77 1 1 4 B
FIOTEN R AW IR, 25 Fhl Bh 4y st G i ah ™, 2
BN RN IS W R, I i b B
A (QUEChERS!>' | [ I AL 17 g v A B ™05 g 4
4, ff DLLME 7EA20 5% f A op i) 1o FHYE FRIsE T, 2K
RORAN RO B, HATE )z a0
FREEPL2 A R A P 2R I o 2Bk B RS I  AR
SO ORISR I K . BSR40 0 %
AN Y/INIPAS U SN R P5F % NN ot SNA =X 7/ =% N S (25 3 4R oL 6]
NRBEAT T E5R, IExZrik kRSt TRE, B
TE R4 5 W8 43 BOBOB A BB AR AEA 25 5% B8 43 #r v (4 i
S

2 DLLME ERAKEB S HHIN A

21 K

KA R 1 o 24 5% BRI el K T SR A SR A S AR A
TSYL R h, fa M N, H TR A 255k B R I e
PR ity A P4 75 1A VROV AR ORI [ AR R B, AN Ty 12 2k
1, HFRERKEKEESAE LR . DLLME HARHF 7K
AR S8 TR U 7 B A TR SRR SR L AT O 1B 2, R RO )
BYZEIGR R L2 FH K RERI T, HERERT s, BRic
TR FRFRAK, MRk H T KSR ok 25 5% B ik
e B P T K 34 Rk 2555 # (1 DLLME
5 %k (o 3% - B3 B 2 R (gas chromatography-mass
spectrometry, GC-MS)FK FH PRk i e & 8 i vk, PLPOsiAk
BR(3S WL WAEBGH, NE(1 mL) NG, 7 ik R

liquid-liquid

4 0.002~0.065 pg/L, wHEETFH 101~297 £, AT W% 5%k
A B AR ACR < Liu 257 T DLLME 5 HPLC(high
performance liquid chromatography )R € /K FEH 5 Fh
H R ER A 25 A ke, L= BE(40 pl) A BGH,
ZMEQ mLY ARG, 5 FfeZiayss Ry 0.1~0.5 ng/mL,
WA TN 80~177 £, FWHZ )y i M F MK | #i 3K
ALK BRI . AR5 %Rl DLLME-GC-MS [
PN E K R 24 Fhed AR 2, DIDUSE 230 pL)h
W, LEE(L mL)h o], 24 B 2 B B R R
0.33~7.45 pg/L, BEFRN 72.4%~103%, 1275 13m0
TFAGERFRET o-GiFt . B-BiFH A F A R A A
22 BRKR

BRI AR 2 5% BRI o KU A, TR R B SRR
AR R TR E g R E e A EEE L, BT
DLLME #45%AR FiE B FWARKE 5, 7620 g 58K A 45 [ {4
R i s 5 B AE  EEA T TIAL B R EAT DLLME #2:4E. 5
AP =@ BE(S0 pL) A AEER, 0.04 mmol/L (¥ S-80
N VG PE R (0.5 mL) k4 BRI, SR FH 2 IS R 4l Bl
DLLME 5 GC (gas chromatography)Ht 43 #ris 32 /K H
1 8 FE AL 2, 8 Rk Z41E 0.02~0.50 pg/mL WHA R
W R FR, LR 82.4%~114.5%22 7], RSD & F
13.7%., Wang 8857 7 QuEChERS-DLLME-GC-MS 5
T3 9 R 2558 B8 1943 M Jr ik, #F &% QUEChERS Jf
BALFRSE, L= HE(100 uL) HAEEGR, ZE (800 uL)X
SYEGH, WAHE 1.5 min, 9 FAZG Y RIS 70.8%~93.2%,
K PR A 2.4~14.2 pg/kg. Pirsaheb %5 12VR ] SFOD
(solidification drop)-DLLME 5
HPLC(high performance liquid chromatography )i F v i il
SESER R BAE R R . RS, DL 1 —E(30 uL)
WG, M mLYSH R, =RRZHTE 2~500 pg/kg
BBl AL G 220K T 0.9955, #6 HEBR H 0.7~2 pe/kg.

23 & W

Bl B AATTAE 6 AT AR (R B R 4R T, AR 904 R #b
B IR R 2 — 252G . AW B E TR AL TR
Fg, HEA A 2 5% B AR v, TR R M A
RGBT AW AAAE R 2 (1 g 15 A2 11 %,
#17 DLLME #:1EZ i e A PLA RIS, 493
Yy u% B ORI A 4 B Ok . Zhao HPYE N T
DLLME-GC-ECD [RIEMA4=93 4 Fh7S7575 R4 SAa ik
6 PR LA e A 25 5% B 1 AT O ik, AR ke k22 2 0
FEEURN PSA b, LMIRES B IR O Be(140 pL) BRI,
(0.5 mLYAAHGH, 10 FeR 25k Rl 0.07~2 pg/kg,
B # o 70.1%~106.3%. Farajzadeh 2P 7 T DLLME
1 GC-FID, GC-MS Zr#ra-9ivh 5 Fh w24 24504 73 47 )y
o, BRSO HREUS, A=A W BE(40 uL)y N EEEGH], 2,

of floating organic
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B mLYRAraGa, 5 ek thBR Sy 4~58 pg/L, @AM
BH 156~380, Gao ZEB2RH] DLLME-SFOD 5 GC-ECD
ST 7 FDIRR BOAE IR A 24, AR 2 TR IR U,
DAIRSE BE B IE 1758830 pL) R ZEHUH), TIER(800 wL) K4y
BN, SALBIWEE N 6% (ww), 7 FhAe 24 i BR
0.08~0.44 pg/L, IR 90.2%~108.4%, #5i% )5 k53¢
BRIRIE I 4 FhorAE L, BT ks . AT HLIE T A
/P
24 B

WEZZDAY) . AR gy & FORERE T R, SR
FE TR SRR R o i A7 AR O 3 1 24 B B (), 3
SRR (T P AT AT BB R Ap AR 255% B . BT DLLME F%
g R T 2 T v e 24 B ARSI, T A T R R R L
TR & K, A % R T T AT e b BB R B R AT
DLLME #4F . B3F 252532058 75 4 B (ultrasound-assisted,
UA)DLLME N & ERF b TFB, R GC-MS 6 I 25 74
TSR 4 R R R A, DMK T —
(30 pLYKZEHG, A 10 min JF B0, T — 7R A R

FRICER, DIRICERBEIS S U, AL n 4T GC-MS 2047,

4 Fh4 254 R A 0.019~0.039 pg/L, [@ W K Ny
7.3%~107.5%. #:540B49% 57 T DLLME-GC-MS/MS 437
A 12 R 2GR B ATk, LAY EARIR(30 uL) %
IR, PR (0.8 mL) R 4r BRI, 12 R 24 i @ AR5 ECh
123~196, 5 HBE A 0.0006~0.0051 pg/L. Chu 2By T
UDSA(Up and down shaker assisted)-DLLME F1 GC-M 431t
AR . I ERIAE 6 ROREFIM ik, DMESE
BERY 1-9FBE (11 pLY R ZERGR], JOTR 0 #GR), 6 Rk Y
KAER A 0.007~0.025 pg/L, EHEFETFH 480~1254, @it
Mz M) DLLME., USAEME J5i:8E7 s, FMHi% 071k
FEER SR
25 ¥ &

e 5 DR Ry L SR M L4 K SR A2 B AT 5%,
SR T 285 G0 ) 50 e A DAY 1) AR 245 9% B P R TS e e, AT
foF AR, FA%P98 7T DLLME 5 GC-MS B
BRG] e ¢ 7 N R T T S AR 2 R BRI A B ks,
DL =S B M ZER(70 ul), 2054800 (1.1 mL), 8 F
KGRI PR 20 pg/kg, & EMECH 74~96, Shirani ZE7)
#37 T [ A 2K B (solid phase extraction, SPE)-DLLME-
GC-MS [ 43 Bir 1 2 v IS5 48 Tk R 5823 T 5 7 119 1%,
DL AR ZEBGRI(30 wL), FEEESA4r8IGRI(1 mL), NaCl
U TE A 4% (M/V), TR A5 1R G H R 4 31k 0.04
ng/g F1 0.02 ng/g. Kujawski ZP¥E 57 T DLLME-GC-MS
OINTIE S 1L R HLEAR 2R B ik, D= ek
AWGAI(100 pL), AR EGRI(450 pL), 22K R
H 0.1~4.0 ng/g, BEZITIET B LR 19 SRR 4

Br, B2 . KR . MFE. 4,4-DDT.
26 R &

H T ARUEARAS T R A, AR AT RAitig
TR R L sl G FH A DA 2, DR L KR A v A 245 5k B ) A
EHAEM RN FERNBZ —, B TREEFRNSE
I, TERASARZYHR BB A6 I+ DLLME 2% 5 QuEChERS ,
SPE 25 i B AR LA IE I R 45 5 R . Cunha
2948 7 T QUEChERS-DLLME-GC-MS 6l T 4 H 41 Fif
REGFR BB (KM )7k, FEAZ: QUEChERS Jr iR B4 LIS,
DI & AR B (100 puL) A ZEIRF, 285 (1 mL) >~ 4 805,
82% R ZGHI I E Ny 70%~120%, 63%FK 25 Ak H BRIET
19 pgkge KFZH AT 10 AT KFRS ARG, 762 2%
KFESE R S R AR 255 B . Khalilian 200 5 T
UAE-SPE-DLLME F1 HPLC B A K o e FN 5 3E
WA BT vk, UECR S ZEHUGR(SS uL), b 43 #H)
(1.5 mL), —BEBEAMFEFEWAIR B RS54 1.5 pgke.
0.7 png/kg., Wang &M@ 57 7 DSPE-DLLME-HPLC #3143
IOk B /K M) PREE RS T RIS
FMFIA T, L CHCL: CHLCL, (1:1, P/V) (2 mL)NZEERL
#, ZHEQ mL)yRarEGR, 7 FARZGIEIICR R 76%~123%,
¥ BR  0.002~0.005 mg/kg, $iZir kT BzEIT, N5
WL B3 B 4 PPN, S e duE | ik
Hunbk 2 Fpfe 2l
27 & M

R EL g IR A R, HAHhig . Brift.
O I 7 S — R AR IR PR T BB, TR AT
%o T AR R LR oA LA 25 AN 6 A P Sl TS5 T
K, FEORM A E AR 2GR R ), T AR A
%%, HA DLLME fEA5M A< 245 5% B ki i A D &
F4EEE Y T UA-DLLME-SFO-GC i Z5nt-rfr 5 Al
W TR SR B 1 ik, AHRE R & O BREBUS R RE, LA
NHBE R ARG (20 uL), PR G800 wL), S AkAN T
BB 4%, KM pH 2 4, 5 k25094 BB 0.1~
0.24 pg/kg, SHAWANIF K FER d-SPE-GC Lk, %
7 AR S O LR AR R PNV P 2 PI%E 4 d-SPE i
b AR DLLME A, 35 GC-MS/MS B, Bisib)
FFZEnE 7 BB A FR AR 2558 B il e . DATD &L
W N BRI (200 pL), ZHEAAEGR (1 mL), ZEBC A
1 min, [BECRA 75.4%~113.6%, EEEN 1.0~10.0 pg/ke.
Li 204957 T QuEChERS-DLLME-GC-MS/MS #6255 i
47 T 24558 B A BT 5 %, HEARZ: QuEChERS J5i%i4h
BRI, APUSARAR(200 pL) MAEBGR, 2151 mL) A4,
S, GRAt. . HEA RIS R R RN F
10.0 pg/kg, FEN 70%~120%, KHZ T ERT 24 15
R AR ARG, AT 15 Rl 25 7E 21 AFESL PG .
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HEGE AR RGBS, TEANTH H & AT &
FELEEEIEM . Hij DLLME &I H T AZ . 32
SARTE . MR . L2 AE T 2R AR 25 8% B A A T . Chen
4 [ 4 57 T QuEChERS-DLLME-UPLC-MS/MS(ultra
performance liquid chromatography-tandem mass
spectrometry)BE R A 29 39 Fiuk 2558 R ik, NS
Fih % QUEChERS JrikAbBlE, =& HE(100 uL) A #EEL
#, I mL) R 53R, SALBNHREE R 8% (w/Y), 39 ik
MR RBII KT 0.99, K FRA 0.01~1.0 pg/kg. JRIIAE
WObK 7 S i IE e B B BUS, LASB 57K (60 uL) A
WA, HEE(200 pL) k43 88, WE 30 s, @ T
DLLME 5 GC PLEME S 10 P ILASS A 2558 8
i, 10 FhRZGEILE T 90.1%~109%, # RN 0.5~
3.0 pg/kg. Wei 25471437 T UA-DLLME i 5442 H1 3 (2
% (sweeping micellar electrokinetic chromatography,
sweeping-MEKC)E IR MIAIAD . 112 . 5ESFA S 9 Fil
BULBEARZFR B BNk, ZE (350 uL) ML
7, TR mL) R 53R, AL R 6%(m/V), %1k
XiF 9 g 2 i B SEATECR 38 MEKC F5 9 779.0~6203.5
%, 9 Pl 25 B4 B4 0.002~0.008 mg/kg, X A7 e 22
H 1.2%~6.5%,

29 + %

BT, it T H A e 25 KR 4 iF A L4, R T
P AR 2 S SN R BE AR b T AN R L, &
BN TR A RS AR P, fGFEALEREY 4
i T LT 2 2%, DLLME 75 - 38 o 25 5% B3 Ao A6 I
5E5 BRI B R SE G, iF—2 i@ 2 DLLME & 42
PR REE . AR %S ST T MSPD(matrix solid
phase dispersion)-DLLME -GC-MS 5 + 3 Bz 2355 | &
BT | LR AE TR B A M T I, R S AR AE U R R
VPN R 06 M58 3 e 46 )5 i A 20 pL DU AL BR T 5 mL B 4k
B FL, B OBFLE BT GC-MS 43#r, 3 Flifk
2R 86.5%~108%, Fir iRy 1.00~1.48 pg/kg.
Wang 2157 T UA-DSPE-LDS(low-density solvent)-
DLLME F1 GC-PFPD ¢ Flkuill + 3 6 - HLuk A 25 4%
Bk, RS N BRI EUS 4 DSPE ik, Ll 2-2
FECEE(100 uL) B ZEBGR, PIEH(1 mL)A 4G, 6 Fhfe 2y
FIA PR 0.2~0.5 ng/g, HHXIAREM2ZE/NT 8%, &R
B 22~35, Pastor-Belda Z:PY# 57 T SLE(solid-liquid
extraction)- DLLME-LC-MS/MS 45l + 358 v 42 75 FH ik
WedE 5 Rk 25ROk, FESL A QB RIS DA S Ak
We(125 pL)y AZEBGR, ZIE(1.5 mLY A28, 5 e 2 &
R H 0.005~0.030 ng/g, K £ DLLME & 4 i)
SLE-LC-MS/MS JjiE(E&RA 0.1~0.5 ng/g)fHLt, &5
LRPERER.

2.10 SR

AW REAH U ZR HoAR 245 & BEARMIR, A2 AT 43
BT 2w, 3 —Fh BA & R AR BT B R 2 T
%, DLLME H T HA &SR, BHTE iy
AT AEYHREARNRGREEM S, Li HFPVHET
UETC(ultrasound-enhanced temperature-controlled)-IL(ionic
liquid)-DLLME-HPLC Z#r& R+ 5 Fl =g 24 5%
BT s, LL[CeMIMI[PFg](100 pL)hZE 5], W (200
uL) KA HGRl, 5 R 2GR ISy 88.9%~98.5%, & Hi Ak
BN 178~197, #HBR R 4~6 pg/L. SRy T
DLLME Y GC-MS Bt H AT AR R H 3 Fh4bl bk dL 2 e
AW T, DM BE A B 22 0GR, 2 BURIAE
IR BRI AT A58 0 [ 2 VR AE KM B2, AT BESR A2 LR W) 2 TR
PLREM TG, FIZZEBGITCE Tk, SEFE, Jouyban 55
B3gE37 T DLLME-GC-MS il B Ry i 3 v — ek
810 Pl 28R B Mk, 20550k 41 uL DES(JLfaf i R
LRGN, TR, 10 FhR 25 89 [l dic R R
79%~97%, & HIFR Ny 2~17 ng/LUFRI)FN 4~36 ng/L(IMH),
EAERECH 379~485(JR ) 158~194(IfL3K)

3 %

DLLME fEN—F#i B v R B R, 5 H A
WA, BAERAERE . Pl . AT WA
B AL, AR AR AR 2 5% B AR I A5 B Tz )
Fil. Sk DLLME X F3JRE AR S22, HaEw
B — 5 B SR IURIA b A BE IS R A A kR, (i 2
5 A AL s AE B R AHSS &, #i%ET DLLME [0 HYE
Fl, LS A T A4 S PR 2GR (R i . SR E R
DLLME 5k A7 — 5 1 e B, T & 3 8 I 26 RO
SN WA ZEBCR B S A sh Ik ERE . 5 AR S Ak
PR ARARLS & KA G FVE [, {52 DLLME HARA R
KIBRES . BEE I ARWIRA, DLLME 7ER 2558 8 4
BT HoRE S A T 0 el F4) RO FH A 3
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