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, (microwave asdged extraction ,
MAE)
, 1986 () MAE
MAE :

2.1 MAE
MAE ,

[14]

2.1.1 . 10°/s

2.1.2 ,

2.1.3 ,

2.1.4 ( ) ,

2.2 MAE

(ultrasonic extraction) (supercritica fluid
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extraction , SFE) (accelerated olvent extraction , ASE) 1
1
Table 1 Conparison o dfferent extraction methods
Sxhlet extraction Ultraonic extraction MAE SFE ASE
Time 24 48h 30 60 mn 4 20mn 30 60 mn 15 mn
Pretrestment No filtration  Fltration and olvert evgooration  Qean up No filtration No filtration
Slvent volume Large Large Sl Sl Large
Fee Low Low High High High
Working grength Laborious Laborious Eay Eay Eay
Rollution Serious Serious Sight Sight Joht
MAE:microwave assged extraction; SFE: supercritica fluid extraction; ASE: accelerated lvent extraction
1 !MAE 1 1
3
«C )
3.1 [35]
12 , 1
] ] M K- 1
[28] (5 )
9
, :CBM MESL1000'" * **® MDS2000""
a2 (59 60]
MK-1 i Microwave a4
3.2 = p
AN i 3
, - o — 1 Extraction vessel
, ( I )‘ﬁ’ﬁfﬁ
) , A ~ Rotatable plate
1 (a) (b)
Fig.1 Josed microwave extraction sysem (a) and
5 extraction vesd (b)

Rorlalo Sxwave 1001

3.3
Cressnvell

’

[371

1 Cls
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HA.C
, , 10 nL — EBEriFEs
aC/MS Reflux system
: " s R AT A
, Ericson MagnetronFccu‘%d microwaves {LJ Water
(dynamic microwave asd sed extraction: DMAE) | -
- ) . AR
W E - Extraction vessel
¥ Wave-guide -
, HR.C ! ]
| Solvent
s WX T
¥ §h Sample
4.1 (PAHS) 9
PAHs ' FQg.2 Focused microwave extraction sysem
PAHs ) )
PAHs
Sample loop
2 j ; ; Rk
Pump _Z\[\%J)‘;EEI ‘Teﬁm—a- Microwave cavity] Tnding filter
t
AR ] / |
Mobile phase %52 1. E ) PTFE &
Syringe ~ Waste  Coiled PTFE tubing
SPE/HPLC 2§ GC/MS 57 #r
Analysis by SPE/HPLC or GC/MS
Hl B 4%
Collection vessel
3
Fg.3 Shemaic diagram o orrline microvave sysem
PAHs (=]
MAE® %! MAE ,
Vazquez ™ PAHs , / (1
1) , 500 W , 6 mn,PAHs 92% 106 %,
8h Fro PAHs ,
/ , PAHSs, 85.7% 100.73 %
[15 16,29] [17 ,36 38,56,57] [30,58]
/ /
Tomaniova ™ / (32,ViV) PAHs ,
Budznski :
, 20% 30% ,
) PAHs
Letellier ,
(<40pm) , (40
3001 m) [14.18.19] PAHSs,
MAE
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4.2
viorica MAE GC/MS (ELIA)
(PCBS) , .
Pagor ! 19 PAHs4 DDTs 6 PCBs,
’ l 3 ’
MAE PBs” , , ,
1 PCBs (OCPs)
PCBs , OCPs ,
HCH , (DDT) (DDD) ,DDE, (Aldrin) , (Diddrin) ,
el s POBs PAHs
MAE [10] [11.18 42]
[10] / [42] [18]
, w2l , 73.4%
Sout ™ MAE , Cs
EONCI , Mgl Hoogerbrugge'™’
, , GrcdaAyuo.
OCPs 2
2
Table 2 Application of MAE for the determination of organochlorine pegicides (OCPs) in environmental matrices
Sanple type Sygtem (Moddl) Bxtraction condition Recovery (RD, %) Ref .
/ 59 (sreple) ,30 nL /
il s/Sediments Qosed vesH sygem (MESL000 ,CEM) \(Nmigmr;éaﬁetone) (1 1), 15 1000 >70 2
/ ( hexane/di chlorometh-
Marine sdiments G(R/I%% Cgés\t/l?ﬂ ane) (11) o @ 1) 9
59 (sample) , / (hexane/
Sediment Cosed vesH system acetone) (_1 1) , 100 , 50 % 70.6 90.6 (2 8) 32
(MESL000 ,CBV) (meximum power) , 10 min
2 109 (sample) , 1 nL
Sediments Domedtic oven \(/\o/ateesrr)nn (methyl berzene) , 660 97 102 38
30nL / (hexare/acetore) (1 88 105
Sewege dudge (S?Oﬁﬁ’ %ﬁg&) 1) ,30 W, 10 nmin (21 39 »
5 (sanple) , 30 niL 8l 87
River sediments ﬂogo‘éﬁ@/ﬂ; (I%(W/&&%Trz) (1 1) ,500 W,15 min (2 5) 40
25l 1 moll KOH % %
Bidlogicd sample Cosed vesH sygem (metharol  olution) + (hexane) 2.3 41

(MK-1)

(11,v/v),600W, 4mn

4.3
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, 11
Egzabad '™ , MAE
/ (11,v/V)15 0.18 MPa, 44 % 16.5
min /(7 3, V/Vv)200m 8h - MAE
z ,
Llonpart , ,
- 1 Llonpart -
4 SFE MAE
: : MAE
2
Pedersen  * , 0.1mglL; Llompat
, 130 9nL ,1nl /(41
, 1000 W 30 min, 90.5% 112.1% RD 3.7%
7.4%
4.4
[15] [22] [34 44 61]
(2 120 ,  6ml/L HA , 10 min
( ) 60W 3mn 2molL HO 2 nol/L HNO;
[22 45]
, , 8
na/g , MAE (o]
4.5
MAE ,
MAE ,
[62]
, , MAE [63] [64]
[65] , [66] ( )
terl ,MAE
5 :
4.6
[46] [68] ,
KOH H.0- - HO- ,
, 1mn , /
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MAE -
(M9 i - (@M
(el KOH- 600 W 0s
, 0.011 mg,
, - ( 14) 600 W
4 mn,
[59 60] [47]
MAE , [7,12,,13,23 2648 51,70,71]
MAE : MAE (352 o727 (2] MAE
5
() MAE 1 (2)
MAE : (3) MAE
;1 (4) MAE ,
, MAE
MAE, ,
, MAE
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Devdopment o Microwave Assisged Extraction

Li He, Li Gongke™ , Zhang Zhanxia
('Schod o Chemistry and Chemical Engineering, Sun Yat-sen University , Guangzhou 510275)

Abstract The fundamental and recent advances of microwave assged extraction (MAE) with its gpplications in
environmentd andys s and pharmeceutics are reviewed. Its progoect is d 9 described. 74 references are cited.

Keywords Microwave assged extraction , sanple pretreatment , review
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