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Abstract: Drug abuse is a global problem, posing a major threat to people’s physical and mental
health, economic development and social progress. Drug inspection is a key measure to ensure pub-
lic security and social order, calling for development of sensitive and accurate analytical techniques.
In recent years, new psychoactive substances such as fentanyl compounds have been spreading rapid-
ly due to their stronger effects of excitement, hallucinations and anesthesia, which have become the
third-generation drugs after traditional drugs and synthetic drugs. The abuse of fentanyl drugs has
caused a large number of deaths and serious social problems. In this regard, the authorities world-
wide have attached great importance to formulating laws and regulations for their control, and re-
searchers have developed a variety of analytical techniques. In this paper, the advances in traditional
laboratory analytical techniques and rapid on-site analytical techniques were summarized, and the de-
velopment trend and application prospects were discussed, which may provide some technical instruc-
tions for the researchers in related fields.
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(FUEER, REFIESE) . BER Ok, FIRETRIS RIS RGP 45, Hep 2R R RBkEshiGE e
S R % N O DN 15+ - 51 Y e S RS

25K Jé (Fentanyl) J& FLFHEFF 5 Paul Janssen 1960 4F-45 Ji i) —FpBT F- Sz iz 7], HALZ: 48R
A N-[1-(2-FE 23 ) 4-WRNEHE | -NIESE BN, BURCRAAMGER) 80 51, HARRbh. M. R
KRS S, ARG R AR 7 TG 5T 2 N LIS R e e S A, i i i s
R, IR RIS R EATAEY), BURECRAS R R HR . Bl 25k Je ( Carfentanil ) 12554 K 51
FEFRSEH 100 5. HEEIHAY 5 000 5. MY 10 000 £, T HA 2 SAR ISR SR 2445 . 54)
SR, AR R IR N I s e AR AR T, S bS5 R H b R i g
KA BGERAET T W E PRI O, E 2018 4ESEE KA 67 367 (I BAET
ZWlrh, A 46 802 I KB Fr 2R 254y, b i e & BT R 2R 25y i FE TS NEL L 2017 SRR T 10%
T SR R 25 R SR LS A L 2SR RSSO TR R e . BOER . ™
B, REHGHE TAHMEEREMRETER ., RET 201945 H1 HEA T CETRHIFRR KD
FIN CAEZ I ZRRIEZ ShARE P2 s A AN H o) B0l ) , WER R 2 o S it 2 1)1

HTAFR e kst i A o . et Wfh% . BEXMESR A, SRR E TR
BT EREPS. HOREIER AT LR K e, BN BRI R T — R SE 5 2 A R AR FI
G AR . ARSCE e 1 I AERZE R JE ARGt PR BRI B M pE e gk e, 30 Ho il
) i) AP AT TR
1 TR ERMEA

S A I AR T B B e L A TR AR B, WS RIS B T IN E , BAtasE .
B, ARSI LA SEIe S A IR AR E S Hh A S A B RSG5 BTSN I 3 S 2H R
1.1 #marahE

EFMEENEMNE Y, BT HEMEMR . KRG, MR, 5% 5 AR b i) & 8 K,
TS 0 H AR B T s 48 . IR PRE B AR S AT AL B 7 ik R Y S E M E AT, H
RABN AR MERATE . TEZ5 AR IR Y oA D F v, 6 DL A AR (5 i A B 7 8 2 A
FHARRGE | W - WARE0E . 3B A BTIUTE I A R A B 3 B

[¥i] AH AL HC%: ( Solid-phase extraction, SPE ) [ J5 B ) FH [ (M R S0 B A i v B R 0y, A
WPy S EE AT B 2, ARG S G IE R BE i p Y ot , i ik B Psk 53 25 & AR H i,
P B ARG RE . WA ACIGE AT I SE R A S E AR, RS TR R BE, RGN E
A EERVER . BRI, EIMFSERY, BLE 2R T % 2 MRS AT AR R, Strayer S5 SR
FIMAHAR BGE AL  5E 1 M P 24 Fh2FR @28, ¥ 1 mL A il 100 Wl N FRIEHHR & 8.0
JGi & CLEAN SCREEN DAU [SIHHABURE AL & 48, M 3 mL R W/ R is/ S8 IR & 1F )
(78 : 20 : 2, fRBRLL) PRI, BEMUZE TS 100 wL HEEE R, EALHT. BAHZEBOS R 24 Fhof
RIS ISR 4 60. 0% ~95. 0% o [ AH A B A Py it vp 25 K JE 264 Jou i ORI s S s T Y
HIALPE 7%

W — WA (Liquid - liquid extraction, LLE) & —FHL 4 43 BC R E0H H Antb &1 IR S 8 W 2L
B AR 7, BT AT Z BT AR, ZFRIERYIKR L R THRIEIEAL &9,
TEAA P IEMRIEEAR, 2 RMZMBOEE. FEObS AT - AR, MUTE " SR - A
BUE gL BUMAE Y 20 FEF R 5T, 720, 1 mL A S0 0.9 mL ZBETTHE RS B & B BT,
EEWWFEH 0.1 mL REFE AT - WA, 452380, LM LPRXT 20 Fhaf ke 8 i i
BURIIRT 80. 0% . W — MACHGEAL A2 F] T AE MR i b 25 0K e 2R Bkl ) 6 DL iR P 5 i, {HAEHL
HRESRAEAMIGR, IS PGSR AT M AR

B bR WS B RTALBE 71240, ARt il v 25 R e 284 ot i) 4 B A i vl R 48 1 B D i vk
( Protein precipitation ) Fl[# AH % 2B ( Solid-phase microextraction, SPME) , Wk S H R EHEA R
ATREXHE S T I R R T, S IINTE R T 8 A BTOTTE . 48 9 BT AT 5 P03 SR i ba 1 201k
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LY, GEOsEn, BARYEAE L, BRSSO R M R i SR s 4 . S RS R A
R MR A 0T, ARGERR 7IBROY, 5 & 25 K Je i S B R WORAE 83. 7% ~88. 1% 2
la] [ AR IR g — Fhapr R S R FE 7 i, il 25K e 25 B i A B A2 . Bagheri
SRR T2 RS IR AR (i — SR R P R R 7. #% 1 mL I[[L’Pﬂﬁ—nn)ﬁi"ﬁkﬁﬁ%
WS RE SEARMNL S, REMAN=ZAMEE A FAEMHIEIE, &0E LEREEH 2SS,
A NEAEERE S B 25 R e HE R BEA TR ARG AR R, K iR 4 0. 03 ng/mL, .*ﬁﬁﬁﬁli@i?k%mﬁ— #*
B4R, BTk, BRI R RO fE kR BICRE SR, TR RER S
I Al e i S RSN EWN S VA iR
1.2 (U/oHiem

HET, 25 R BALES 7 FrRill R =250 6% - Bral e HHoR, a0 0% - BT
1% (High performance liquid chromatography — tandem mass spectrometry, HPLC - MS/MS) . S AH &% -
Jiii 74 ( Gas chromatography — mass spectrometry, GC — MS) Z%, XS 77 1L GE02 SE PRS0 E 14 € = 04T,
HA SRR o BORIF . Rl R B . s R %"ﬁ”f_%ﬁ:% TEZ5 R Je 2R Jot i) S 50 % 43 i
o R % T S AV . Busardo 2517 SR TR — A ERORI 6 AR A ERZS A 8 v OB (0.5 - HR BB I
BN T PRI B KA S P 25 R S 2 Bea A 7%, LR PRIERE P 23 a5 R Je 2R i
R4 0.7 ~2 ng/L, E&TRA2~6 ng/L; BERIMPIFRERUDIIRHIR A3 ~7 pe/g, ERT
B4 11 ~21 pg/g. Gilbert 5§ IUL_LT_I%%*J’J\?E“P 18 Fh25 K e 2 B ity M e - okl g i, &
HFR 5 0.007 ~0. 822 pg/mL, E & FRRAEO0. 023 ~2.742 pg/mL 4], Fakhari 2 ™ TR XM AE
PSS AR, XTFJ'M&Z*H%KEPE’J@T*itﬂﬂm%ti()ﬁﬁ_ﬁ?ﬁ"]ﬁ?%ﬁ KrtHFR A 5 ~6 ng/mL,
AN, SRR AR SSR RS TR A R T B, 0 Salemmilani 251 SR H 1 B4 a s 86
{f( Surface enhanced Raman spectroscopy, SERS){E T #H& KR 2SS, BEX s M 735b, BHFA

WFFR T —Sef 8 R ZE R B B I AR . Kammer 257 5% F B FHIE0N & 122 ( Free solution
assay, FSA)ZEEim M1 DNA @SBRI FIAMETI T X ( Compensated interferometric reader, CIR) il
T M PSR ISR B, R R 10 pL, & TR0 60, 90 pg/mL, Krauss 5"
FF& T RE N AZ 3l 321 5 B Yk 7% ( Gradient elution moving boundary electrophoresis, GEMBE) H T 4478
FEEFTRHYREZS RS, KHRATK 2.5 pmol/L, RUE FiR I ikECh R, AH i A m 4 7 A X
B, 5 - BTk BORFDGE AR BAG A6 i @ e RRE ST, Fasgtham, P sete = s el 25
KICEYIE R, 25 R eSS s A i) SE e = A I HOAR 2 1 Bos .

F 1 ZERIEZY BT =AM AR

Table 1 Laboratory analytical techniques for fentanyl compounds

) Analytical Recovery
Compound Sample Pretreatment . LODs LOQs Reference
technique (%)

24 FpE ok R & MK [EAHAEC ~ HPLC - MS/MS  0.017 ~0.056 ng/mL.  0.1~0.5 ng/mL  87.0~118  [11]
Yyl

3R KRR YE WK [EAH%EE  HPLC - MS/MS 1.06 ~1. 62 ng/mL [22]
e

7T AR E T M [EAHAH ~ HPLC - MS/MS 0. 15 ~0. 66 ng/mL 1 ng/mL [23]
Yyl I

LBESFR e LR PRIE [15] FHAEHL GC -MS 0.5 F10. 75 ng/mL 2.5 ng/mlL [24]
19 F25 kB2 Mk [EAH%EE  HPLC - MS/MS 5.1~28.5 pg/mL [25]
e

W25k e ML [l AH ZE B HPLC - MS/MS 0.5 ng / mL [26]
3 ME kB EK [ HH AL HPLC - MS/MS 0. 05 ng/mL 0. 05 ng/mL 95.0~118  [27]
e

6 T2 oK Je 2% MM WARZEHL HPLC - MS/MS 0.1 ng/mL [28]
/)18 (LT3

4 FhZF R e K MK [ FHAEHL GG - MS 0.15~0.3 ng/mL 0.5~1.0 ng/mL 85.0~116  [29]
/)0

ERE aisk, 3k [EAH#H  UHPLC - MS/MS 0.03 ng/L 0.4~1 ng/L 72.0~95.0 [30]

IKFE K
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(8:5£1)
Compound Sample Pretreatment Analy-llcal LODs LOQs Recovery Reference
technique (% )
27 fhas ke 2% iy AR~ HPLC - MS/MS 10 pg/kg 5% peg/L. 84.8~109  [32]
/)58
20 FhZF kR 2% AR W - WAEL  UHPLC - MS/MS  0.02~0.03 ng/mL 0.05~0.2 ng/mL. 85.4~102 [12]
/)0
FRBHMTEZ 3K W - WAH  HPLC - HRMS 0.1 ng/mlL 0.25 ng/mL [33]
K
2KJe JIiR%;3 T - WREHL HPLC-UV 0.8 ng/mL 3 ng/mL 92.0~96.0 [34]
2RJe 1LY - WAEE  HPLC - MS/MS 10 pg/mL 92.7~109  [35]
AR iR W - WiFHL  UHPLC - MS/MS 0. 14 ng/mL [36]
17 FhiZE kR 28 Mk - WAH  HPLC - MS/MS 0.1~0.3 ng/mL [37]
Yyl
28 Fh 2y kg 2% ik W - WAHL  UHPLC — MS/MS 0.05~0.2 ng/mL [38]
/)18
6 FhZF R e IMBAIRIE W - WEER HPLC - MS 0.1~0.2 ng/mL [39]
Yyl
4 v kB2 MK W - WRERL GC - MS 0. 04 ~0. 08 ng/mL 0.5 ng/mL 85.0~96.0 [40]
Yl
B N KA W - WA UHPLC - MS/MS 0.98 ~4 ng/L 80.0~87.0 [41]
4 Mr kB2 TR W - WRERL GC - MS 2~10 ng/mL 5~25 ng/mL 45.0~75.0 [42]
/)0
9 FhZF K MEAIRK W - WA HPLC - MS/MS  0.000 05 ~ [43]
) 0.001 mg/L
4 Fp2F R B2 MWEARE W - AR HPLC - MS/MS  0.01~0.35 ng/mL 0.02~1.25 ng/mL.  82.9~109  [44]
Yt
S N IR T - WAL HPLC - UV 1 ng/mL 72.3~96.4 [45]
PN 12% - WAREL HPLC - UV 31.25 ng/mL 94.2~102  [46]
23 RhZEF Ok R 2% Mg, PRI W - WAREL UHPLC - MS/MS 0.7~2 ng/LH13~7 2~6ng/L 70.7~97.3  [16]
Yyl MEL T AH AL I pg/g 11~21 pg/g
FERE 12 EAFULE  HPLC - MS/MS  0.025 pg/L 0.05 pg/L 83.7~88.1 [13]
3 kR K M BASE  HPLC - MS/MS 100~250 pg/mL. 75.0~111  [47]
Yyl
S N 1% EHDUE  HPLC -MS/MS 1.2 ng/mL 7.4 ng/mL [48]
KRR MEFfxs  BAFDUE  HPLC - MS/MS 0.2 f10.25 [49]
R ng/mL
FRE I IR73 AR HPLC - MS/MS 0.05 ng/mL 93.0~105 [50]
KR 1L [ A 2K B GC -MS 0. 03 ng/mlL 0.1 ng/mL 99.5~102 [15]
SRR QIR [l AF B RE B GC - MS 0.1 ng/mL 0.8 ng/mL [51]
K e M EGZE R Il AH R A ER GC 1.4 F11. 1 ng/mL [52]
PN
FRE A, ] AH R AL B GC - MS 0.01 ng/mL 0.03 ng/mL [53]
11 Fp 2y & B 25 fkpesh MFILEL HPLC - DAD/AD 0.225~9.76 pg/ml [54]
Yl
3FIERE R B BHSRE HPLC - MS/MS 0. 005 ~0. 01 0.025~0.5 ng/mg  96.4~104  [55]
N ng/mg
3MZE R 2 EEANRD FEFITRER GC - MS 0.4~1.6 ng/YEF 1.2~5.0 ng/P8F  98.2~103  [56]
U158 4~16 ng/{ihH 12 ~50 ng/ig M 96. 4 ~ 104
ERIEMEHIE  MUAMERE  ARAKTHRE HPLC - MS/MS 0. 030 ~0. 045 96.0~108  [57]
N pe/L
N PRI Sy ORI R E GC - MS 1 ng/mL [58]
¥R WARES AR AR HPLC 0.1 ng/mL [59]

2 DUpRE RN A

HRSEIR RO R A2 P BT BT (R 35, (Sl HE ST AL S B, T ad BRI,
AREAE S5k AT BE N AT SERE ST TN B it B BOFR T — RSB e R 4
AR, BARIMIGEG . HR . LS A BT 025 e 250 R 25 S R
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2.1 JRABEFEHRELNEA

JEAV B B 5T 1548 AR ( Ambient ionization mass spectrometry, AIMS) JEFSREMTE K S EMGFARIHRE T,
ToiraE TR B EE, BRI S b ) B AR 23 B P b B AR B TS AT BOoR , B T B
a5 IERNEFED . AT EEREEE . B 2004 4F Cooks ZH24E H AR HUIE 55 HL 125 ( Desorption electros-
pray ionization, DESI) ' LIS, ENAMAZCIFE THFREAHER A, 1825 K2R whim
PRI, BT & T 3 T 4RE 2% (Paper spray, PS) . SEH} EH #2497 ( Direct analysis in real time,
DART) . A\JFiRH3Y 7 H, B, 55 ( Dielectric barrier discharge ionization, DBDI) 242 fth [543 B, 59 77 2 B e S A
MFEA . 4 Sisco 25" HENE T HRIR — LB ELIE /AT B DGR RS ol SRRy AP 17 Bh2E K Je 28 Tl Uy
W, EIRAHEHEER T, 25BN HRARE 1% . Kennedy 25" 5% H 4RI 22 50 1% v AG 55 R
W 7 MR R B, KR A 0.5 ng/mL, Morato 25 SR AR A BORERY 5 X, SEBL T 11 e v
HIERIE. BiZFRIE . S35 RIE . EHZF RSN 25 K e i) B TS 007, KR4 0. 08 ng/mL,
SE IR JC AV AL L 5 JO T R A DB AR B A SGARIE AN 58 2 PR . X SERAR i e 14 e R S i Ak
PR 3 IR, REASPREAGIN AT S B2 R e, AT B R ORI . BE A AL H T
BRI K, BEAEEL . B S0 EN T35 R e 28 Bny Pes a8 o S5 v e Bl 7 vk
2 5 RBISHAGES AN, fE— @ R2 ) LBR G T I s A i i H . R, I & R &
AR SR

#2 ZFRIERME YR S ORI B
Table 2 AIMS analytical techniques for fentanyl compounds

Compound Sample Ambient ionization LODs Reference
HRE IR RAER T 0.05 ng/ml [64]
FRE ORI Wi R S T BEL A L 10 ~300 pg/mL [65]
FRE EitZ) P E Tk 0. 86 ng/mL [66]

ZERIEMZHZER e PR (IR 2455 RIS 558 Tk 270 ~9 200 pg/mL [67]
16 FIZF R et SRR SEIR B BT 0.08 ~0.35 ng [61]
LR NS PRI Y F T 0.5 ng/mL [62]
5 FZER e H S B HFIFEE T 0. 08 ~0. 45 ng/mL [63]

A N Eik) SEI B RS HT [68]
5 PR e 2K LR b AT HLIBE S H [69]
KRB AN SEER Y OGRS -1k [70]

2.2 IpENEAR

FEE IR TR H 4218 U1, AN AT A R85 s AWk B R & 37 N T Bl il T4k,
MIGRAIGEAL . FHeh 8o ANEEIERTTEAL . BT, (A A s
5o MHHG T SEmn s RAMGER B, i BA TR HLahtkoR. oprd EEpRas sy, @M T35
RIEEHRERE Y B Bz s . NEEIEAOG RS P B RRth, BE RO, LR
FHS R e R R B ) E BB R, HP LIPS0t am B ARG, HHEA TR,
LB MR TR . T EEAS . SRR, WHMLEE 2, Shende £V IR TiE T Y
FEA 2R e A s o3 85 iR A0S, R TR SO ICHE TR I, MRV . IS AN 42 1l P 25K e
ARG B 235000 13 22 F1 152 ng/mL, SpHTid )L 5 min, Green 257 S H TRyl S G 2 7
AR ARG TP 2R, KBRS 40 pg. EIEROGIE B HAT I AR PECEVE S HTEE T, (BN E
oo B RIIR SRR %, FERIRNATRE, M T, IS0 5 & 2 B8 . W B
AR, TEE RS E BT AR, ANEUBERTE AL & JrF R R s, H 5
137 HL B RR IR FH A% S H AR 0 bRskt s s B, IR E RSSO SR 2 TR I H SR O e L
Kang 25" {44055 52 5 /INEU TS AUB R, I8 1T PRI 16 RSk R 2, AR b 10 ~ 100
pg/L, &8 TR 30~300 we/L, JFRMBAEHIRG A &/ NEUEIEATHE N E 7 g v ) 5
SRR, LTRSS E B, teAh, & IR ISR B A AL s A
B P AR 25 R Je W T BB . Grimes 517 R 1 5 IR e 25 T35 A Bk s - 1A% 1
(Field asymmetric ion mobility spectrometry, FAIMS) 43 554G M) 757 1, 40 M B [H]AX 75 2 min, Goodchild
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SR T IT BT WS 00— Rk B AR R, WIHE | min 2 NI A ARR 2 AR R R
Barfidokht 27" FF%: 1 ] SF A AL A AR AR , A5 L B S ML T b BT DR st 53 A7 W) 58 ) A s A A
i HEZERNE, REHBR T 10 wmol/ L, 2R KA G IR BLZ A I B AR M 3 PR

#3 ERIERNEY B REREI B A

Table 3  On-site rapid analytical techniques for fentanyl compounds

Compound Sample On - site testing device LODs Reference
FRE M MBS TR SN 13 ~152 ng/mL [71]
Z N AR ZER eI PR SO G E  0.10, 25 meg/mL FI - [72]
B AR AT AR 3% ~4%
6 FZFRIe ki PRIGRE S FhL G /N ST Y 25 ng~1 pg (78]
72 MEER e K it/ Fh 86y [79]
2R JIe Ky RKFLEE  FHEBL S 5 ng/mL 140 pg [80]
3 Fh2RR Je 24 e FrRfE R TR Y [81]
5 MR IR R YT i R 26N 50 ~2 000 ng/mL [82]
16 F5 K e i NEUFEAE ST AY 10~ 100 pg/L. [74]
3-HBIER RTINS R e MR AT BER R AN SR ng %% [83]
[1S}:22 5 N i ANRUEES AL 50 ng/mL [84]
5 MzFRIe Ry PREITHER I [75]
17 FEF R e 2 it/ ETIERIEY pg [61]
16 T K JE 845 HETHY TR ng 2% [85]
16 Fi5 K Je 28 251 BT 100 ng [86]
FRJE Eiky] BRI 50 ng [87]
3 B E

FERZR R RIS IR BT, PHIEA B H BTE A 1 R S S A BRI BT PR A R AR
XECAGIE AL B, HWAAEAL, TS (1) SEB SR IR AR & i A P R S BFERT
ERIHARR R FEERBORI) AW &I, FETTE A 2 HUACHR  20 BIO — WA I SR 4% £ 2 i i A
BEORABHABL, X ERTAL B R P Ta it m) L, S ANEAE D, IR SR & TAERR, 7E2F R e 2R
AN T B A —E RS T T 5 (2) BU PRGN H A BT SR A 00 AL v 185 5 1 LAARIS 25 Sk
AT aE T, XETTIRRENS SLBUF R e Y i) R ig g5 1AL, (B AFTEBUE R AMEE . 322 )z
AP S0 . FEREE TS M, T AE— @ REE L3 1 A 4 RO E e, At
WFFHE—HHRADIIE; (3) BUAHEIN B (/N S REAMDEIEAL . PR 2 B T iYL
&) B AR ENERE T, (HAAE—E M ERFHTER R, i & P B i 76 5 SR = A 457
A, BUGRERTIHOAR DR R — AR s (4) DU RRIIEOR T ZAR SRR Y T dt 7 04T
MZFRIESYBRA fnfh % | EASTREERE AL, ARMETE S — I W REUPREY T, IO RSN 25 K Je 28
Yy ) AL ORAR R IR A . A, ARAEBUA BRI BORBUS S Ss , NV B BRHER R B 58,
W% RSB P, P& TG AR ENZS R Je 280 o 14 07 45 77 VP A A SRR MBI N D 75 B B A DR T S8 B 1Y)
W TT I, BeAh, ZERIESHREMIEIE M H 4238 2, BROF R RHA RS BRI E AR SN, &%
FEIBUFIE— A s S . PUEMERFEMFER; F, BURYUWASHEMGRE M, WA RIS
HR, WRHEE, TEE.
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