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Research progress and prospects of illicit drug detection techniques
in sludge

LIU Yahui YANG Tao REN Shufang ™

(Judicial Police Academy (Public Security Branch), Gansu University of Political Science and Law, Key Laboratory of

Evidence Science Techniques Research and Application of Gansu Province, Lanzhou, 730070, China)

Abstract As the global issue of drug abuse becomes increasingly severe, drugs and their
metabolites are commonly found in urban wastewater systems and accumulate in sludge during the
treatment process at wastewater treatment plants. Therefore, sludge is one of the important carriers
for drug monitoring. Monitoring and analyzing trace drugs and their metabolites in environmental
media can assess the types and trends of drug use in a region, providing effective tools for the
prevention and combat of drug-related crimes, while also offering important data support for
environmental protection and public health. This article will analyze the sources and forms of drugs
in sludge, explore the pretreatment techniques for sludge samples, summarize the detection methods
and research progress of drugs and related compounds in sludge, and outline the challenges faced by
existing sludge drug detection technologies and potential improvements. The aim is to promote the
development of sludge drug detection technologies towards greater efficiency and precision,

providing theoretical support for sludge drug detection technologies and offering insights for the

2024 4F- 8 J 25 H UiHi (Received: August25, 2024).

* [HK BARERS (22164003 ) , HINERHIHITH (23JRRA1228) FIHNAEEIT (2023A-097) BEH).
Supported by the National Natural Science Foundation of China (22164003), the Natural Science Foundation of Gansu Province
(23JRRA1228) and the Higher Education Innovation Fund Project of Gansu Province (2023A-097).

* * B{EBKHR A Corresponding author, E-mail: rsf@gsupl.edu.cn


https://doi.org/10.7524/j.issn.0254-6108.2024083102
https://doi.org/10.7524/j.issn.0254-6108.2024083102
https://doi.org/10.7524/j.issn.0254-6108.2024083102
https://cstr.cn/32061.14.hjhx.2024083102
mailto:rsf@gsupl.edu.cn

100 7N 54 1t 2 44 3%

prevention and management of ecological environmental risks.

Keywords sludge, drug detection techniques, environmental risks, progress.

B4 B 2 5 AL SR ) # 7523 ZE (United Nations Office on Drugs and Crime, UNODC) & i ) {2024 4F
T8 S B A D F8 T TR A R | B AR R S AR R A IR IR, A BREE A ) RS AL
2022 AERBRAA 2.92 fC N B, Eb 10 4FHT R H 20%. BEE 7 A2 0 Z R EE S I AT
Fac b, B b 00 UL 38 5 0 2o S BT A R RIE B T B R R BE RIS A B O R, R BOR
Ja . BRI ZBANT S, R ALAR L B TR, TEFE R A A IR B Y B YR A A S IR BAAS L X A
DT A RSN, J2 ) A DG H S I BRBOR (19 36

PRI v 0% B ot ARG I DA B ot S 0« R AT R U A Al I A TR Y R BT L AN [R] Y B
B B, WK . RARTS e, SR 1 AR B 2 S A i po 3. 35 7K AT 20 B vl DA S Bl i — A~ XS0 N B
w1 SRR O, HAG B ) AR 40P, BE A% 2 A AR X RS e 10 =g b (50 IPA, , 38 2k I 52 75 7K P 35 i A v
BE, 45615 K0 TG K AL B RRS5 DX N S, I DA o X3k P 57 ot A o, SEBER I
DT AT BE b B0 SIS 5 2 W O 8 408 47l 12 12 DX 38l PN 5 s o A P L b 367 R G ) AR A R A, 42
HESEET RIS S B FE S A 15 8, & BRI 3 T M i 3 ri I Rk R 1z - B | REUE,
RE M8 ST S BB St e S 00, 1 A L2 [) o A R[] A8 A1 35 e 228 BT A AN AN AT Az g UL 3 i S AT
W, 3 AT A R T K PorE LUK H K A S, A B TR0 Sl R SR SR R AR Ak T Ve R 4
ST DU B 75 7K 3 A, SRR T R 9 2 it it B

5 7KCBE I WA SR — B 24 0 i W T B, 38 a3 AT T Vs K B B i A B b 2 Sk
JE, TR s e — b DX A 5 o (R I 0. 3R 7 72 AH AL S 90O T B FR R4S BN R 1 1y =K,
BB 2 ULE A S Pk SR, B TS Ko 2 2%, AR AE K TR BT, X o A e IR AR 42 T 8%
e R, I L5 K G RS AR FH AT RS 35 it A Qs A vk B2 TRt 50y, 2 e s D0 25 SR g v s . DAL, 2
G IR EEAE S R KA TR 43, FF S b B AR 2 A v B 23 B AT REAS MERR . FE XTI 25 0 T O
HEAT E /K WA, 755 7K e iy [ A T URE A 100 o A g B A T T S A 5.

V5 K A BT A7 5 BR R VR AR SO B9 BRI, TG vk DN K e A A R 2 R A A B
(pharmaceuticals and personal care products, PPCP) DA K HAth A HLAL & 917, 15 H it PPCP A] LI i £ Fh
PR AT S5 88 T IR KU v, (4G Wik CR A . RIS LI ) 0 [mIAE, DURRAE 15 e b 1 2
wn X FRBE R B T 22 T R A L DRk, U R S A A X PR LS A ™ E U, T R B AU I
P A, LAY/ X A 25 2R Ge AN 2 i e 1 0 A 572

ARk, B 43 A Ak 2% 5 PR WD I B R A RR 2220, 1 A 06T 7K PR 1 5 B A I B R 2 28 R
15 7 3 0 2 JR U0 1 6k 5 e v A BT 24 A0 G W ) B 5 A BTt 1, 76 T U8 R R R U
(B 58 FN AR B = . AR SC B AR 23R 3T A7 2K V5 e v 2 R e AR 1 S BRI i, 4005 45 PR AR 1) A 3
KA SR I H s 0 R BRI, Ay PR v e T AR B e S

1 FRHEERBEYAEBT B KRS F K EZEVLH (The enrichment mechanism of drugs and their

metabolites in urban sewage systems)

B i S AR 7 e ik AR R IR AR T 5 K R EGE, e A AET5 KA B B b s 4R T5 e b7, &
i E AT YRGS EEAT LA 3 MR AR, 15, HEEE W EE S, AN AR B EE i SR ) 2T
i BRUGANFEAEHE RS, AR 5K R GG, w055 i S OHA R h T R i i K 1, 2 D0RRAETS
Jerb. FLUR, FEMI R AR v, AR B0 B0 A R K BRI AT B A R R B Y R i SRR A
Wy, 25 P K AN 8 ek b B E ONF , 2 i J83  aok b R AR A R KB B HE TS JEREE. I Ah, R 2
AR GEEE i, QRIS DR L TR DRURURS e, 3 ok 2 R s S i ) e P TR 28 ot T K g (HY B
JHE) | S FUAFAL R T8 e R T UL s S IR B 7 A ORE I 2o TR T A K A 2,
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Fig.1 Pathways by which illicit drugs are released into the environment!"”~**!

2 BRFEA KRBT E AR (Pre-treatment techniques for sludge samples)

15 VEREA (0 BT AR BRUZ J3 A7 i B v (4 T 2P R, 2 SR S0 A A VA P A ] SE 4 (4] 2 S LAY
T5 VSRR A B A e AT AR 23 F B, 8 5 0 AR 9 700 (oK L A WLV ) sl TR Y 00 ) 0 9 DR AR
BEA TR 5 4R AR B, 2 TS e P AR S AT
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Fig.2 Flowchart of common pre-treatment steps for sludge samples

2.1 I EAHAEEL
i s Y& AH 25 B ( Pressurized liquid extraction, PLE) J& 7 ¢ /= ¥ & (50—200 °C) Fll & /1 (6.895—
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20.685 MPa) I F 4G HILIA 71 2 T AR 52 [ 14 (9 B 2l 4675 125, PLE S U ()80 . d1 MR dr, (B AS L
SN2, T BERERAN AR I8 B R = L, O HAR BOSAR @, AEAESE T TR V5 YA AR i Ak 2 R R
f)J& PLE®2 22, Radjenovi¢%: > il i PLE $ AR $ZHUA T 075 /K 15 U8, TRl Bl 2 1 AN [a) 28 50 (75 7K
SR 31 AW, S TR R B A A 0 T B AR B AR AT, FERTAR B A T S AT A
AP R AL R AZ TS BT IR S RS ] L RS 2% B L R B RO IR R U R T T 58 P gE 3k
B, 1207 TR IR 43 AR B e R) 995 U8 EL A 50 AR S vk L R AR RN T S
2.2 WAHZEHL

W AHZE L (liquid phase extraction, LPE) , 5 #{ R A 1 2 B (liquid-liquid extraction, LLE), ‘& f& 4k
AN G20 537 T B AN A PO 5 700 v s i 1 2 S 1 JRUHE, 7R TR A o A S R AR 7% (SRS A
TR ) 0y B0, I 2H 2370 15500 v (0 A [m] 95 e B2 TGS 38 43 B s B B Y. 320 i) iz i ] i R 5
Yoy A I, AN A TR A 25 L R URUEE A L AR 245124, LPE AH 4% T [ AH 25 B (solid-phase extraction,
SPE) H AT —E b #, LPE 7] L)k 60 BR 58 175 7K KL B0 2 it A I 1) 52 0. A e | 6-50 £ e ik (6-MAM)
SEAE A AR BORE 10 & B 4 BB I PS5 2. HET, LPE $RTE 15 e 5851 b 4 i b B 5570, (H 2
T R0 B R 414y . BB A P S i LA B AV A X fRT B A5 P a5, 2% AR A (A R 5% 58 5 A i
A B R A — 52 N . Wright 2529 (i FHZ0 A5 DA 100 em?® B 55 T3 5% B X el SR SR AR AR, 47 SR 4 3 1 [ 44 36
BEFEAALE 30 mL 0.1 mol- L' HfR H i i, HoRHiZ s LA 100—300 r-min~! JES4IRA 1 h DL, it 0.45 pm
FUAR B3 DR A 2ok U2 V. AV ) b P VR € 3% - £ IR BT A I T o i B I 1 R SR TR .
2.3 fi A B AR R

I % B A6 B (microwave-assisted extraction, MAE ) J2& —Ff ) FH 1305 R 58 A0 1 71 A6 BORCR I HR
F2 B s A AR e B AR AR (RS ) WG R AR R R R
SRR AT R I 2R A AR EUROR L BRVERCRT A AN, MAE R I LS AN R (9 2 BUY
3, AE AR, S REAE I, A AR, SR s A FE I, ) N H TR AT BT, 25
I3 LA SR SR 7 ) 1 B 48R 27, Petrie 4527 SR Fl MAE il SPE 1 JJy i il £ B A, SR FH 8 850 H €2
T - ER IR T RO Ry A BT AR, I B EE R i 2 AR B (2 L A A SRR ) . KEEU BT
W SR AE 80% & 120% Z [8]. 81 b &4 h 65 Fiib S s € |FR/NT 1 ngg ' VEH R HL, 5%
M) MAE HURE [T 5025 1) PR 382 R BOIRLIE | 4% b 0 i R 50 FH 2. [RIA, Evans 552 32 ] MAE-SPE(f# )%
B AE - AHFE O AR 1 g V5P AR IR 25 Y. 45 SRR, 280Uk A W A X DR TE 67%—
84% Z [a], J LRI R A 0.73—5.15 ng-g . Z AT ALy 2 il IAR G- iz 7R 15 Ve SRR AR b
24 [EAHAEHL

SPE Hy F Ho i Ab B A8 X35 G A X /D | B 1 [RD SR AN I S 0 v Ab 005 T R B AT v
Alvarez %50 JF K I I0AIE T —Ff FH T8 2 ORI . T35 /K35 U8 NI AR v A% 48 FEr 24 0 AR 12 25 90 10 o0 B
J51%. VR Mcllvaine 22 g R FH sl 75 4 BORE &, I Strata-X 8.0 &8 SPE 17 RTARZE. fii
FH Pt 0 PP e - — S TP Bt Ak 2450, O3 o Y AH €835 5 B B 1 vk R A T I . R 28Uk W i Bl R T4
T 50%, 52 i BRAE T 3.96 ng-g . S B SLIE M, 12 iy b JRSFE Wi 9 VAR B REAC HLAT B2 SREBUHCR

3 BURHEA B HrEIB R (Analytical testing of techniques sludge samples)

AR, EE X BAT 25 A A A 2 43 B AR 250 BRI R R AR B T AR R Ry AR I A PERE AN A B
Ak, WA €0 3% - BB B T 3% 5 (liquid chromatography-tandem mass spectrometry, LC-MS/MS ) #1541 €4, i - [t
i1 (gas chromatography-mass spectrometry, GC-MS ) i, 254 + HERE AR S5 5 FH A0 43 B R 2 AR B, %61
ARk 251, RELORBAEAL S, GC-MS A 75 ZATA LAY B, LC-MS/MS Lt GC-MS Jij J 3z 2,
AR, R T A FEAL G A3 AT R 4 AR 0 Jmy BR %, 0 JF & 7 4 = RO AH o3 - AR R T . 6 R A0
AR T -5 A MR B . AR 25 i . H B UM (3 - B A SR B o A R . 38 1 B4 T4k IS R K
AR AE VR 259 9 AES AT BOR.
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Table 1 Application of sample analysis techniques to sludge samples
RN Er EfR/(ng-g™") ZEMEVE Rl

VA ILy] i Vi “Analytical KM FR/ (ng-g ™) Limit of (ng-g) E= N
Analyses Medium Methodologies . Y Limit of detection . 0. . g8 Reference
instrument quantification Linear range
MAFH BT 2zl s
YRR A PLE <0.05
60 il 254910 J?E%;J;;%J SPE UPLC-MS/MS 4 0.06—20 0.5—500 [6]
AR o
K] s 77 e . X
Ef;%[ ﬁiﬂig 757K PLE LC-ESI-(QqLIT) <2S5(FMERE <3.3(FTHH) (KK 011000 20
”% jtﬂ%ﬁ 157 SPE MS/MS L) FHIRAN) S 20]
RN, BEE ok MAE
Jiie . $Sk AL, 3,4-F ‘]1 T Chiral LC-MS/MS  0.73—5.15 2.44—17.28 0.025—250 [28]
U e SPE
ST EEESE DU 0.01—0.24 0.04—0.80
2 157 d-SPE UPLC-MS/MS 0.06—0.83 0.22-2.78 ND (33]
FHZERE e - 29.4 88.2
ERPE -4 -GC- — -mL™"
SENAE PR 135 LLE EI-GC-MS 318 955 0.1—30 pg-mL [39]
35,22, 14 2800
AIRA, HIERN itk 23.17.7 2—800
J¥g, ST, Ny, W SALLE PS-MS 39, 46, 24 ND 4—1600 [50]
PR MR Vg 10.5.13 1—480
33,25, 10 2800
ENIS)i 15KI5 e SPE HPLC-MS/MS 2 ND ND [51]
R PR T
MDMA. HERE K RITF UAE |
B R RO SPE UHPLC-HRMS 13—2.1 ND 0—250 pg'L [52]
a-REA
B 22, TR
B ORRE KRR 0.1—100
2 TR 15K I50e UAE LC-MS/MS 0.6—14.3(F®H) 1.9—47.7(FTH) 0.5-500 [53]
Jedty T, Uk A
2ty (k| AT Ay Bk LR
B W E AR %ﬁﬂf‘%‘b‘:“F PLE LC-MS/MS 0.5—10(+&E) 2.5—25(FH) 0550 pgL" [54]
B AR L T
TR
KRRHFIEA L, /]
I TR BT
REMEFMENE 7 PLE-SPE  LC-QqQ-MS/MS 0.5—1 pg 0.1—2.5ng-L" 0.5—250 [55]
Sty LiTh Y|
PRSP CAF N 0.4ng-L™" (6-Z.Fk

BT R2s2 . R %;ﬁfg PLE-SPE LC-MS/ MS Ny ) 6.2-7.8 (L UV ) ND [56]

A 0.3 ng L' (AR
ND, K Aiil]. ND, not detected.
*: PLEfINHRARZE I SPERIAHAEIG; MAERGBAH DI AL d-SPEF AR A LLEWK R AE I SALLEER A4l B -1 FE B UAE R4 )
HEHL.
b, UPLC-MS/MS## 25 250B AH 68, 13 - 53 16 S5 1% ; LC—ESI-(QqLIT) MS/MSR AH 2,335 - Hi, 155 25 H, B - PO AT -8 14 B9 1 Bk & ¢ S5 % ; Chiiral LC-
MS/MS TR (133 - 53 156 B 3% ; EI-GC-MSH, 25 0R (3% - Bk ; PS-MSHARINE 5% Bt 1% ; HPLC-MS/MS = RCUHE (713 - H3 € J3i 1% ; UHPLC-
HRMSHA = 850 A (35 - 15 70 B ; LC-MS/MSTRAH (135 - HR I B3 s LC-QqQ-MS/MS = 2 WUARAT IR AH (33 - B3 IR Joi %
3.1 VAR S-SR K T (LC-MS/MS)

LC-MS/MS 5 AR 8 1 46 I 21 4% AR e 52 1R £k 5 9, 4G 00 BIR 38 3 1T LA Gk 3 9 e g B 28 17 e 2, 3l A IR
TR A ARSI 38 A 22 B W AR X, LC-MS/MS AT LA [R] B W 22 A4 A B 5 A1 B 6, AT $
e A P e DM PR AR B e g XU, B i 5 AT LS BRI A AL & W B 454, X
SoF TR SN S Y 4 R A BN EE S A AR IAE W BB Alvarez-Ruiz 250 JF & IR UE T — P TR % K
BEIF ORI | 15 KIS TR TR TR AR SE R 4 AR IR 25 W B o i O k. AR B i LC-MS/MS HEA T e, 4t
i 41 PR 25 A= 4, G T AT RS . RS SRS DT SR s R DA | g
A . PITRZIE . R M8 2RBRS Aol 6 1 40 o R At A e Ay 7). 3 2 08 3 1 S I W 2R A T 5 R 4R, I
fERPIA B F & 75 TN KR T 1.32 ng g (TH), E&MRIE 0.12—3.96 ng-g '( T H)
Z [8]. Postigo &3 ¥ A T — Bt 2 A0k 4 v AR ¥4 25 W RS 247 Z2 40 Wi 22 (R o3 Al 7 ik i T




104 7N 54 1t 2 44 3%

T30 4o P5C A DT ET A U A 1Y RS B AR AR ISR AR, Jl i PLE $2 3, SR 5 78 LC-MS/MSS it
3000 2O E R IE T 5 MORTRA 220 A&, A48 R BT 2258 . RIS L RN,
SEEG A5 R R W], LC-MS/MS H AR TE B b A il Jy T B 4k 1 —Fh sk wYEE A R A0 o b T B, R B
B 2 0 B i 0 v AN R sk ) T AL

Bl B AR (R E 2, R IR 2 TR 2 L R RACRE T R DA R v R BBE R 25 114 % J8, (A5 WA i 4 R
FHUL 525 2ot , DT P2 A T B 0 A £6.7% (high-performance liquid chromatography, HPLC) . % AR J&—
P 8RR ke e MR AT SE MY 435 S B HOR . 2 ER IR BT S HPLC BRI, HAS0R |
PR R AR A5 B 1Y 58 . Foppe %04 JF & T —Fp R 1) HPLC-MS/MS J5 ik, M = K 1) 31 F ]
F R AR SRR AE bR A 31 R RN LA A L K 8 A BE T RR IR . i AR
PR AR TR T B 70 ZE N AR 3R — IRk T i AR £L, WA B I KA il it SPE S R AR . 207 VA BR
VU R RE (7 = 0.97) Fb, BT A 53 A1 0 00 M i it 2 15 S etk it 2k (02> 0.98), ELZE H AR5 Fl N (0.1—
1000 ng'mL™"), 5E & FFR(S/N = 9) {7 0.098—48.75 ng-mL™". HFFT45 KW, 7 i AR B 75 7K
e 25 B — B 7. 35 CIHAPY 32 ] UPLC-MS/MS AR, #57 T —F sl 497, 4t
WU v, P OTRR Y RIS e rh 15 FiokS BTG P 25 S #E AT IR B A3 B O R X TR 1 At FR SR 0.01—
0.24 ng-g”, E R 0.04—0.80 ng-g ™, MR IR Ny 56%—121%, FARFRHES2E /DT 15%. 7e75 Jett
A, K BR K 0.06—0.83 ng-g ™!, EEFR N 0.22—2.78 ng-g !, AR I E K 55%—135%, X bR
M 25/ T 12%. FESEBR I v, ZEGUARYAS Y h 43 4G 1 8 A 4 Rl df s 4 24 . %074 Al [A] It
o I PS5 A it v 22 ok s 24
32 AAHETE-FE (GC-MS)

GC-MS A ] T AR M B ARG P i A5 W), 38 A0 A A A5 Ak 1T g, sl A R
GC-MS o i) [5] {4 B 55 B ot v i VL 2590 12428 1k, GC-MS FE A4S TN 15 )6 56 5 v A 32 25 9 1) SCRR e A
3B, TR T I B ARV 245 W A A A BRI 3 A A — 2 B 5E0° 7). Cecinato 5509 75 5 KA ) %2
IR 22 6 W 3T ) 2 A PPk DN B AT R R e i R0 A IR AT e B I A P AT R R A D
SR A A AT AT, IRTE S 2 BRSO A5 BT (HRGC-MS) Hh #4743 #7848 GC-MS & —Ff
SR oA B B i TS VAR G B S AR 0T L v 2 B R R 1 /K8, v v 8 mh s ot XA I, AT SR AR A
— & MR
3.3 LB @B (EI-GC-MS)

FH, 125 SR {033 - J3 1% 15 (electron ionizationgas chromatography-mass spectrometry, EI-GC-MS ) J&— Ffi
G587 SAHETE Y =R oT  RE T RN BT %) R R RS I A A i R AR ) AR AR A T A S
Y1435, SR 5 R A R T HL B R (electronic ionization, BI) #4315 J5 144k & 90 B Rt L 1) 18 1. X S 5 1
i F B SO AP S5t 4 AT i AR A0 7 LU (/) 3R AT 43 25 ARSI, DA T S5 30X A 5 0 ) P R i 43
Valdez %0 12 i} EI-GC-MS 6l & 6 -+ 1k + 4 v iy 25 K@ 26259 VR R BRI AE, 43531 1) 1158
FRES PR BE (1 pg-g™ A1 10 pgrg ™) BIZF KJE, I 4R TR AN /K I (pH=11.4) BEATAE YL, Bk
JE 25K i A BURTCR g 56%—82%:; IRV FE (1 pgg™ ) B i i1 IR 68%—83%. HEIUS , 1E 4
EI-GC-MS i 4 B B Jy- 2 244 v 26 B 00 7= B AT R 43 A A HILZE B Hh K IR R e R 2k e 2 K e
(7 A R 2 A 29.4 ng-mL™ 1 31.8 ng-mL™; J7 ¥ S FR 43 518 a2 o~ 88.2 ng'mL™" 1 95.5 ng'mL "
3.4 R RRO EE- R 20 B 5 (UHPLC-HRMS)

R 1 A 83 - 15 29 BE SR B3 (ultra-high performance liquid chromatography - high-resolution mass
spectrometry, UHPLC-HRMS ) 15 25 55 /0 B 250% | 15y 28 S50 0 ss v A 8 1040 e 0, 76 7 A A DN 95 48 71
o 43z 40~ 4 UHPLC-HRMS $¢ AR 7E S Wil v () 1 FH-BLAT 0 35 0 AR5, et IR B8 15 e W iy s
AL 80 . R RN AT S B 0 B T B4 BRI, HRMES BB A% B o — R U5 7K 35 e e i R 1L 2590 1)
A3 T E.. Cufiat % >R H] SPE J7 1 X AN [a] 2 B ) 4R 45 0 15 Je A S B0 A7 A s ir A 2. 4R S, i
UHPLC-HRMS I 72 75 448y, 1% 5 k2L = ik 3000 Z R4, G258 . A 50 Tolkfb2 s Ak
B ARF M ZOEN S 75U 10 FrEEE 258 ORISR R B2 3T ATARE . AT R A
g (AT R R A A = 2 —) L Vs R DR T e . e | 4-FH RS R PO R . SEVD R 47k ).
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10 PR 25 W) 09 M FR7E 3—8 ngrg ™' Z W] & HEPRTE 10—25 ng-g™' Z[H]. #F 5% 45 2R & W] UHPLC-
HRMS kil 5 e &2 45 5 i A ALk & A 3 T H.
3.5 RW{Z I (PS-MS)

VB Jy — Fh el B B R, 48 W5 2% T 3% % ( paper spray mass spectrometry, PS-MS) fix - i Cooks Al
Ouyang™ #2873 BT H2 AR K K8 T4 i il 25 20 98, O HLAT DAE o 76 & A= o 25 g 4Rk rh, Xhs o it
AR A HEA T BB AT B ] T 00 3 S P A 25 ) A 153 B K S 7 ), TC R i S R
2P BR. Dowling S50 ¥k 1 —F B T PR B AR BT M8 55 19 7 i, TRl R b g 259 . 254t gl
YK fie =W . A BB ER B 4 Bh T - TR 2E B (salt-assisted liquid-liquid extraction, SALLE) 5 PS-MS tH45 &,
& e g b 25 W R I Y SRR M RS T i, M DG R BUR T 0.96. WS A5 AR, it )y ki
THSEHAS I AR PR B AEAS il FH 2459

4 5455 FEHE (Conclusion and prospect)
4.1 FEAETAN B e B

X T EMARE i, Bl A it 1 4 0 R VA R B AR BRAS 5  A AB BRET. B, TEAR IR 259 23 i i
i % JRe RV 22 WOk T vk, AR i A G AR MR VA 1Y PR g . PLE 3 Gk R R R B A% BT, VR ek 2
(dispersive liquid-liquid microextraction, DLLME) S8 T /N, ZXHURCK 5. 5 LLE Fl SPE S5 (& 48 )7
AR L, TR B AR S5 JCBR BE b el 2D 1 3 SR RIRE ot R AR, [T IRE I 35 4 s 1 2 OO B, OB 2
RIS B AR BUEOR b, IF 72 0 T AR TR 259 4310~ ) B 5 8 r =l vk 24 9 g A6 D00 T8 vz 1
B AEARK, T BRI AL B, G0 ETAH GRS H . % A KL W A 45 17 T [ A B 45 B o
(2, DATRT AR A R, DA A e R .
42 TS5V HEE AR AR & e Jre

SR TG K 15 U R ARV 2 W R — TR FL AT 55 T e i — i A2 e i L o, v i 75 e i
b TR KT 2 URR BT 20 53 26 [ PR LIS, 23 B A i 15 55 B mT RE 23 32 B, 3006 T Bz Brs iy
TR EE DRI 1A, 5 e v Ak & W i R v JBE A5 T e — A 2000 T4 B D7 v SR B I H B 15 e i HL
AP S PR, T BT R SR I R A A St R ARSI Ok, 9 T R T B R | S L B A A S i
FOR, P e PREE R 5 T 2 ot B A A RS 2
4.3 g@srinlere AR el S A shik

HENT G — IT5 Ve AR A SR AR | ORAF . T A BRIV I AR MEAR R, LUBA DA [R] 5236 2 [B) 45 SR04 7T Lo v
HE M HROR R B SR -, b A i 22, 48 s 280 R sl M 78 43 R R8s 23
5NTRRE, RIS > S50 s G I A5 AT R BE 2 40, W3 5 o (] A ORI =X, T v 7 1)
A S FRE AU . AR R G 00 235 2R, ) R 5 35 B o B 4R SRS, LS BUE AL TRCEE R AL L R IR A A U T
Y S it A e PR 90 2R G, i B SR o R R A C. R A B, 5 S ik [ PR A A, LA 4
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