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A review on the determination of illicit drugs in the air
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(1. School of Environment and Resource, Southwest University of Science and Technology, Mianyang, 621010, China;
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Regional Center, Chengdu, 610299, China)

Abstract Drug abuse has a serious impact on human health, and poses a huge threat to economic
and social development. Illicit drugs in the air are generally determined as follows: sampling,
extraction, purification, and mass spectrum analysis. So far, researches on the determination of illicit
drugs in the air were mainly conducted in Italy and Spanish, but few campaigns were carried out in
the United States, Australia, and China, where drug abuse are serious. Furthermore, only cocaine and
cannabinoids were detected in the air with the concentrations ranging from tens to hundreds of
pg'm*, while methamphetamines being widely abused and new psychoactive substances were rarely
reported. The concentrations of illicit drugs were influenced by the geography location,
meteorological conditions, and emissions. Additionally, illicit drugs which have been determined in
the air in previous studies showed negligible impacts on human health. In this study, researches on
the emission sources, occurrence forms of the illicit drugs in the air, analysis methods, the
distributions of their concentrations in the world, as well as the exposure levels were reviewed, and

then the shortcomings of those reported studies on the determination of illicit drugs in the air were
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discussed, and finally the future researches on this area were suggested.

Keywords illicit drug, atmosphere, trends in drug abuse, determination, review.

bl 22 05 R At 2 5 B NP & i, Aok b i Ia) B H 25 7™ 5. 48 €2019 ARt AR5 et )
WoR, RERBAEAA 2.7 (CNWEE, 3T 60 5 N HHAE T 8 il . R4S v B 2 i il B 3R e 224 7%, (1
JERE T ALK AR BOR, #E 2019 4R, R BUA e #5 A 61 214.8 144, i 4B N BB 0.16%;
BUA, WRE I Sl BRok 1 o, BT U EE G 2, AR A A A T 6 BRI MR R HESh AR BE N R AR A HUS

H R 02 S I R N A SRR g BT IC SR IR R oK MR A SR R G
N R A Y A 2 B L FERE, O HLAZ BN 178 55 0 A FR A 52, 38 2k b 3 Ty 32 o 1) 2 o T FH o A AR
KA M. IRBER 22 Gl i pRe s e e by 25 ot T B DA $2 A48 1587 LS . Daughton 55 - 2001 4F 5
YA H <T5 7K A T 2 A, W 3k A 19 T e AW 7 o B P % vk B R R DX 3R i
SEAIPAN . AR TAE G Ty 1, 15 7K M At 80 ot e P EL A S msf ) L AT | 5080 2 WL A5
P TR PREEE I AW I A5 23z W H . BRI EE b5 #2080 (European Monitoring Center for
Drugs and Drug Addiction, EMCDDA), Ik & [E 7% i 5 78 98 )8 4% 7522 % (United Nations Office on Drugs
and Crime UNODC ) M K F) W 1] =517 it 25 51 2 ( Australian Criminal Intelligence Commission, ACIC) 5§
BURE I 7 r B DL et A TR ST W, -5 T T K e B B o S A A ) %) e A AN [ DX Sl 25 it T
Fil#. Gonzalez-Marifio 55 BT AH (435 - B/ B HIH AR E T 2011—2017 £E2k A K | H
L R SEE L 5 E S 120 NI UL RE A A AR Y E e ORI R Z BT U ECRRRIR . RN
Je . FHEEDR TR . P HE AR H DR TR B (MDMA) ), AR B4 X BN B A e 1 e e o 2521
FH, WU A S . 7 b DX DA K g 5 1) it i 3522 R TR BT TR 2R L LS b X S S RN )
MV M R A R S A0 K2R 2R T AR = [ N S ST R 3 T A 3 T K el 24 W DU A
FIFATBA, F 2012 4R Tk at, g, 7ML RIS DX H ORI | Wi TR GHEER . MDMA 45 L 7
it SIS 5 B, 48 7 PP 24 DA T AR UM ) A2 e ] ) = 8 g .

AR, 4 A48 T AR B0 T TR I JR Ik il A= 358 Vs K I W T, 7R RE N B R L B A I B
B AT B IR 5 &4 T EEAE FHE. (Nature )37 [ HRE 1 A B A4 75 K Wa 5 R AR 2B 7 AR i o
B A HP 8 R R E 2, ¥ K W A 2 S R P i A7 A — 2 1 s FR A, 2 B i 32 B el T A 1 75K
W, TG KA PR — SRR TUAS DX 75 K rh AR B, TC RS M S RS DX S T A OG5 05
A, BT A R T AR . 2 A b X, T I X 75 K I R A T AR TR A 3L, R TG VA TR A 0
F14) 2 285 WA 0 R AT A5 b DX ) B T 38, 2 T3 DR A B 53 M D RASE b e 6 485 114 22 3% 4P R s I 5040 1) 3 S sf
P, B SE 45 [ SR Z KAFRE T A8 BE b WA A T 7K 0 3 BRI 52, 6 A W = B AR 25 6, LA
R4 TR AR T T ARSI A U (5 0 BE . AR SORHET X RS H 53 i (R U5 SO AFTE A L BE i (R oR 4R
SCHTAL BTy 1 | AR5 BT 7 v« ARSI v S Al R B S fdt R XU P Al S HEA TR A, DR i
Sk H AT AEAE R R KA i Ao i

1 REHFREPFHRERBIIRE (Sources and distributions of illicit drugs in the air)

AR TP Y B o R AL A5 i BE LT B0 BE Al R o R LR L B T R AR B HE L
A ORI AEL P AR P RS . 0 R B e s B AUER A B o D R R A, YRR
N AR SR LN 25 fticd R v 2 Bl OB 3] 23 0, MR BB v ik 100—760 pg-m™ 1 75 it i 2 RAUER
SRR A ) ORI, HAE 2 O IR 255 3 AR B A BRI RR P R 45 25 i A2 A G, B b il D7 =X
LRI 2 S TR A AR 5 e DL Dy = U DR I Oy 2K S S T R s AR PR
FH 3 S50 o SR WU 5 RPN e S o 22 O R L, T O e 32 A 11 s S — B 1 B B I A 3
AR5 KRB A 7 2 BRI . Hh I vT UL, 2 W R W o 78 ] B R PR 25 b g il 9 . R
R T R BT G 45 2 24y 7 2 i P H e R O 2 BRI o, (B TE IR B B B M A P
He B i R R T A0, R PP ORI S5 AT ] BEAFAE T RAREE P bR T Bk PR AR S, 157K 5 KA
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IRBE B 7K -1 A4 ash A AT B R AR P g i 9 ] RE R IR,
F LAV T ARk DUEE S A B T 2R TR e ) IO RN SR TR T R R B AE TR R, i T R
DR, 9 3% TR B KR4 788, 1l T LA 0 28 AR AN s AR v, T B O 25 5 A T 3Bk v . Lin 25
GYBTT 157K AL BT T 20 SR AR T ) R RE DR R e R U T 7 v R AR A, 2 SR R R R DL R
B ARSI, 5 FE A5 62% FlT 80%, 1M FURLAR v 9 Rl 2 i 0 7 LR T 30%.
WAL

Table 1 Physico-chemical properties of the illicit drugs
THER R

Y. , K
. - . S 244 tm m*-mol™ P -
A SRR i AT Mﬁl?ciar C;eﬁziifal " HIZI:; n:l: : Va aor pka (mg'L")
Compounds Compounds Abbreviation Formular ; i P (25°C)  Solubility
weight structure constant pressure 25 °C)
25°C)  (25°C)
A (0]
O,

BRSPS Cocaine COC Cy;H,NO, 303.4 4.24x107" 2.54x107°  8.61 1.8x10°

N

~
L OH
9 9 -

A-ED A -Tetrahydro A°-THC Cy1H300, 314.5 2.44x107 6.17x10°° 10.6 2.8x10°

pNA cannabinol

T Heroin HER CyHyNOs — 369.4 6.15x10"  1.01x107 7.95 0.6x10°
N Morphine MOR  C;H;)NO; 2853 N7 1.33x1076 2.5x10° 821 1.49x10°
HO™™" H
g Vehamphea CioHsN 1492 )\/@ 237%10° 060 987  133x10°
mine \N
H
NH,
Pl Amphetamine AM CoH 3N 135.2 @ 1.08x10°¢ 32.0 10.1 2.8x10*
3,4-
3.4-\F.H o 0 e
— AR mf:;f}inme;}llzg MDMA  C,;H;:NO, 1932 <m 275%10°  3.02x102  9.87  7.03x10°
FEAR T mine o
al
SR Ketamine KET C;3H,(CINO 2377 ?I — — — —
/
0

Viana ZEUV I 5E 1 AT W ASBURLA) (PM ) FARRSURL ) (PM, 5) h ] - PR 35 i, PRORL AR Y0 6 9 Tl -
DRI By e 2 A5 430, PR AR T R (R = 2200 A fE PM 5 ', Cecinato (M AIFSE 1 AT R AL 3 Bl KRR A8
TIUREA) Hh RS 3 A R, S5 SRR R R [ 2B 1R PMy s Y, i BEE T 90%; T 3 Pl R BR R A6 A [F]
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I RE X HARL AR A3 A W AT ANTR], Q3 X A - S KRR ( A°-THC) AR R . (CBD) 7 PM, 5 F4 7 L4351
R 75%—80% F 77%—101%; 11 KPR (CBN) 7E 36 X 13728 R0 X 80742 43 A A B 8 22 55, 3k DX KRR 18y
16 PM, s Y 5 T 92%, AR X8 X H 5 AL K 60%.

2 KREFEPREHRSMIFFTE (Analysis methods of illicit drugs in the air)
2.1 FEACREE

KA S REATE RS RAEAIE . E RS T EINT 2 ), — A R
SEAMIC S MR B RAE AR F BB T 0 79 i E B 5 R R A A R85 B R,
TEAE X 35 ) s ] A AT DA B 2 KA it a5 TR Bl R AE e — P 5 A I 1] 114 3% 22 AR AR AR

R 8 R A it B AN (), ORI AR o 1) SR B AR A 46 K . i s AN iR e . 5 TR B R S0E
B aa & a ol pgm” m%, —BOR R R RFEAS WORME R R : 1.1 m> min™") A1 i R A
ar T OICRFE S I : 30 m* h ) WS 24 h ORLAE . R T IR0 SRR IR B Bl B SR A W S Xt ] PR A 455
B RE ], — B FH /N B SRR 2% (6—16.7 L-min™) W AE % PN UL W A i, 388 38 338 0 SRASE ek 1) B0 24 1R
LRI ZAFES A IR 1 ARE S LI B33 A BRS040 19 % 8 SR A — P03 o AR == P B 2 A
i FEATEE S S AT, U Cecinato S50 AR T ALY . 240, TR RAB N AR 2R FE S, T i £ g
AR AC-DU SRR . BRI RN KRR 80 9 15 15 28 PN 2R S R WSOt ] A FH 74 2 3 0 9 2 i
B 2 5% 43 BT 20, R SR8 JE R ( Teflon) A1 D8 5 (Quartz) 3 ] FH F UKL AE i SR 4E, R 5 RO DE TS
BRI AALLE, PRAFAE-20 °C Z504F T, DAkt gl is Yol B S84k . o Fo'e s

AR EE B A DG SRR AE B 20, Lin S50 I A Tisch 23 BB & (0 SRAE 25 [F] IO 4E T J0o: 47 il
AN G T 0 B R T e R S P T 1 e B, TR R et A T B R, T AR R o A 2R R v TR
(PUF) L. Doran %521 1] FH fise W B 457 FN i A3 AS [R) i b (Cn 28 — W 3Lk S0 le PDMS 45 ) 1) [ R ol 45 B &
(SPME) & ££ 25 SFE iy, I T IPANAR A7 25 PN B i I HE & 1. 40 30 %) 1R 2 B e 5 R A 1) AR 1 341K
1M H 5 32 J8 [l 28 AR B 5% 0, McKenzie 5500 FF & T 3l 28 [ AR G2 R & F TR 8 24 R il 22
JIT RS FREEAE A, FH T3 B He o B DR P e ) 5 4t
22 FRALHTAL I

ORI it 1 T A B — P 4 A BRI . TR 1% A B AR A0 46 2 TR L 8 7 2 ORI fn s
#HL. Cecinato S ™11 3 o) 2% [ A& By v 2 BORURE A s A 1 00 5 S ) 5T, 2D BRANT « R AR UKL
PrRIDE AN A 150 mL S Be/PN AR (4 = 1RSI0 th 47 2R I3 L 16 h, | ] Kuderna-Danish %%
RUARZE BTN 25T, B BB Y i AE et/ @ Wb (9« 188 - 2)IRGW A, S5 HA LRt
AT AL A I R S e/ S e (3 1 2) RN ER e IE A e R AR R 4 A . 23R 5 IR
2053 BV EZH G, A N BRI H 0 B 5 WY B s B e e 1, ik B i i e s b b iF
3T

RICHRBOE— B H FRE S & TR F AT B AR X T & KRS ks P, 48 7 AL
S W T 7 kL B BRANT R AR UKL 1 BB RS A B 15 mL 5805 v, B A5 A2 30 min, B4 Rk
PR3 W, A IF A IO, AR 2 3 mL A2 A7, IF 8 i R MU O M i BT R 08, BT, 1 mL 2R
CLbE R W s 8 1 1 7 o BL 7 vk LB TR K A MR A I 7E 1 mL 0.2 mol L™ B iR &0 40 7K ¥ Vi /HH P2 (10,
D W 4R 15 min, PIA 2 &5 5K R LR 5E 3 R, B IFAPLAROR, K, &%, 3FH
100 uL ZJEE .

Postigo 451 45 H T I He 38 AR A Ok 5 BOCRUR 1 vh 9 3 S AL Ay, RO T 2 IO, B3R AT
T o PR A AE UG 24 S BUBORL IR v 2 B0 AL A R BR B, 56— NI 2 A A R R AT AR I A A
76 24 FH H /PR TR (50:50) 95 700 1A 7 25 B, RS 22 BUIE 30 () AN 2% S50 B AR [R] - 20305 77 1250 psi, B
90 °C., THAAHT ] | F A A B [B) A AR} (8] 27 41 5 min, WPEIARFR 60%, & WK H1 AT [a] 60 s. 78 i A &S
TR K A B AR AR, JF 1.5 mL H B A O RE , R e A W e S 2 AR B AR, i — 2D 7
T, B ¥ 5% B Wi A 500 pl B BEHR AR #T.
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HAT W JC T R 3 i ab #1512 FH TA00R0 4 Hh 2 i 25 BRUSCR A Y SCHRHGE . {HJ2, Rynd 55
PO TR ECHEE 48 75 AR BRI e S 4% A8 BRIk ) v 22 3055 08 (R AR BRI, 485 SR 3 I o 1 37 1R 2% L
BEAETIE, ZEBCHCRE TR FARBURIEE 5 2 1, I H AR BUS A 00T LA ELRE P RO 0SS 7 4005 R
FCHRE U — A 2R B 9% 7 A e 168 75 AE Bl ISR ZU R A IUVE L, mT BE 2 fof SR 08 A vl %) 40 I A
FH AT L, 0 F S0 AR 2 B AR AR UKL 25 i 2 4 1) 4R Lo A P A SR I I TV

i3 PUF SRAE M SARRE S, HAEBCE BT & 50k PUF BOEIE S 78 KA FH F AR I, 25 1),
BT TR R AE 25%—50% B HF I A 20 B 90, 8 3k 61 AR ol A BT 48 9 5 SRR, TN 2 i A B
ELHEIEAT 345 6 Ttk 2 R AR SO 1) 25 SO o, — P A A SR AR SR AR B T 1) D R 2R AT wpg, DR
W A R R R R A A .
2.3 ERITHT

T RASE AL A L TR oy, T5 2 —Fh RS & BB 4 0 ke ke il 25 Sh i 25
i, R Y 7 9k 2 G - 156 B k. Cecinato %502 1) A0HA €6 3% - I 1% B 14X (GC-MS, Ultra GC,
DSQ Ultra MS, Thermo 2\ &, K F) M 1 o0 ) 2 B ] - PR & o, (AR B S R QT - EAE
75 A A L ERE; B THE: ®IERIRE M 90 °C, LL 15 Comin”' HERTHE E 190 °C, {44F 2 min, F LU
4 °C-min”' BARTHE 2 290 C, PR5F 13 min. FUSHEH 5 &R, 81 08 B i B 18 50 B 05
R T ARG R T BT, AR B B WA ST SR AT S A B PR 2 A FH I A T
1441k, Balducci 25130 6 28 1 i b BE 14 25 BUK 5 MTBSTFA+1% TMCS #E47 5 N7, 8% J5 76 R {03 -
J 1%/ 5% 1 FHAY (GC-MS/MS, Ultra GC, Polaris-Q MS, Thermo 23 7, & K b #4705 . AL 815 & 5%
R AN AR, Wy | mLemin's 25 FHR: PR R 60 °C, LA 15 Comin™' #URFHRE 2
170 °C, F£ Lk 15 C-min™' HOR TR E 290 °C, SR JFHEAT 15 min WA 5 53 I35 4G 00 76 Al 4 A =X 1T
BRI 250 °C, AEFEAAR S 1.5 mL-min . 5 GC-MS # kb, H3 565 1% A8 0% [R] i ic S0 25 -1
BB S B, BN T AT s Bl O B AR IR S I A AR, TN R AL,
FH GC-MS #4753 M. McKenzie 552 38 1 2l 4 [ AH il 4% Ok B B 2R % 25 SR, IR Ge-
MS 7B (6890 i GC, 5973 A MS, ZHE(e /A F), L)l E T H BRI S & AR ST
WO 2w AR 2 SRR B 2 AT 24 A B SO S AU AR T, 1.5 min J5 L 30 mL-min' Y B 17K
1, P B i AR 00T R G5 SRR DT O AN I A U R AR, R R 36 emes ™
FRF THE: VIUATR B h 40 °C, 4£4% 2.5 min, P4 40 °C-min™ 3EZ TR ZE 300 °C, {545 3 min; 15 H 22 R
300 C.

R €53 - 5 i/ 5 33 (LC-MS/MS) K FH e AR ™12 T 308 i A6 06 5 K v 2 ol B A 4 %) A il o
B 22372405 0RO R i, 280 A AL BLE Y A O EFT LC-MS/MSS (1 43 B 55 44 5 15 7K o BT 2 ALl
Postigo &5 g7 TR 17 Rl FH 259 KA 19 LC-MS/MS(Agilent 1100, ZHER AT, £
4000 TRAP, AB SCIEX 2~ wl, ) 437 i, A4h 3 Fpal RIKZE, 5 MR RESE, 3 FA9 R 38, 3 FlORkR
LUK 3 OO G . AT U R : WA A A 20 mmol- L R/ R Y K IR, T Sh
AH B K O i Ry 0.3 mL-min s SR IS BE VR FL 7 : 0—12 min, B AH EL A AN 5% 38 3] 40%; 12—
18 min, B AH L5138 % 70%; 18—19 min, B AH Lb 5138 /i £ 80%; 19—26 min, B AH LL 3% i 2] 100%;
100% A5 M S AR RS 2 min ik Q3% SRS 7E 2 min N B AHAY LI 100% [ 2 5%, )5 5% &
JE L S AR P4 10 min FH DASFA (035 4 5 825 U5 25 25 7 5 (ESD), 23 BT KRR 2R BE R A I 7 Xy
T TR (BESD), 1 B 2 i S AT BRI 26 456 11 28 A X (BSTY) 5 i () 34 O =Xk 16 486 B o7
DRSS, ] Ao 0 8 - B - I B

B T B3 M 7 vk, B PR (IMS) A TR P58 v 2 5 9 DR A 0 43 A . Lai 45120 3 3 T
25 SPME KA IMS A5 U452 AR AH 25 6 FH T4 0248 o2 6 A 78 B0 85 5 IR ; 3207 36 mT LI T R
. MDMA IR, {H 2 H LR P e i I 25 32 2 Je it T 48 W0 0 i T4 Guerra-Diaz 482 U3 T —F
3 3 P T [ AR R AR Y 28 SRR TR, FIKE 43 A7 0 A A58V A 381 [ A i 2 B 4 Sk R 2 1, R %
PRIBLRE 2] IMS o, ZEAT R E] | IRRE S AR AT LRI ng 201 MDMA.
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3 KREFRPERFTEMNTIES (Trends of illicit drugs concentrations in the air)

o TR R A S 2 2%, = S0P Rk BRI, B S 2 B/ R5% 4% . DU 1k R
TR AERZ R, KAIAEE B i A S S8 T RAR 5 7K b B B i I — M A5 32 G T8 H T R EA B
FE/NH X IR B B S R EEAT T OCHRE, 230 D 7 PR F IR YA 5 2K BF 5 i (IDAEA-CSIC)
Cristina Postigo A} 5% /)N 2H #5292 2 51 25 KI5 Y iiF 9 9T (CNR-TTIA) Angelo Cecinato 58 /)s
H.322 FN T Ak M X R AR Th R DL RE S i, O TR R R T I R BT 1 g i
T A BRI T O AORE Y rh T S DR v BEAEL, R 1 I 2 IR 2 il IR ) Ve BB T IR B R A O
B PEAEACA 14, B AR Ry kB AR, FEE sl B AR 1K 3. h 8T 1 e 2 nl i, nl R R
o VR BT R ) 8 2 b T RE ST, P9 D 2800 pgrm”, R R EE R ik 3300 pgrm ML EAOKR
A, VH B UL SIS AN B 7 B IR AUURE ) v ] R R 5 i e, RSV R D 200—500 pgm s B/ EL
Wi A, ER R (260 pg-m ™) FIABA #iH7 (210 pgrm™), B A H) 3 3 7 AR v n] - PRI vk 3 A
JU+ pg-m; B EAS AT 4 P A MR B S R R 50—230 pg-m s Pl U048 13 (for 2% ) 5 88 KR 3 B i Y
AR PR BB e, WV R 30—70 pgem s M BT R BE | Bl 7R e )7 A 28 ZR 4 Y 25 < P n] R A
0 PR T AR HH BRUY. BT R AL, ROBRAYAHSCHT ST B #2278 3 Fh R Z A o3 b, RO AY 7 L7
BRI 90%, A DU SR BRI AR JBR — 1 75 24 22 0 5 Fe U, (HZ, 72 % B R AUBORL ) Hh 4G )
AN O-PU SR PR 1 ¥ 38 240 S0 BRI 119 2 i, T A JRR - 13 114) e 2 A0 At B 5 B R 4 A A\ - S KRR Iy
TRV RC R TS5 1) e JBE 42 0T 5 BT 7% B ) SIF 2 = PP AR, HR DR RR I3, TG B TR A DR R 2 1) e B A T S R R
JRR 3 i e Vi J32 ) BAE VG B L JE RS, s A rh B VR B2 1R 3K 6020 pgrm™; T 4 A - & KRR I R
PR 13 P 94 R o T SR P i A9 G ST v B AL, B KA 239000 417 pgem™ 1 981 pgem ™7 FE TR
F, BRBRER B v B S BRAE AR R | & JE W B By, (B B 43512 960, 680, 537 pgrm s HE
X =R RR 2R (AU B FE AR T 100 pgrm ™.

R AT R AR AL, Ho w2 a9 BF 98 E AR TR 7EVE BEAF . Viana S50 U E T 2007 4E7E 1 €2 IR A
708 L Il DXRAR 1) JORE IR S b 17 R S B AR T OV B, S5 2R R 6- L WEMEHE . MDMA | HTEEATY
JHEAE T A ST ) 25 A A HH 3R AT 10%; S8 R TR i I A H 23R 70%, (HJE HOR FE (A 2 pgrm ™, S
BT AT A BRI A -0 S RRR 9 ) 9 S35 5 7 LT 9% TR ROV Y L O 9—143 pgm s X T B 2 i 24
W, TR DRSS 4 ) £ R 2 R T T I ARG A s e A -0 SRR I A8 U SRR B
KPS ) 5t LSD B AR . R B 0855 8 by [ Y ik B2 (B 4 AR T A6 HH PR Lin S50 WE5E 1 h [ 5 1
15 7K A 3T ] B R ABR B Y R SR8 P i AR S I 1 R, HC U Y TR 23 3l Ol 76—162 pgrm Al
102—152 pg-m; % H X IR P i (1) 9 B Lo VG FE 8 (e B v 1—2 B 9. B T S [R) 3B IX 7 5 il
FH A 22 540, FBE DR TR Jre vk R v e i) B i PR« 20T 90 SR B R ot B 45 AR RO AR, PP RS R P Jie 14 2%
SURBE, YA 60% FAAE T, TPYBEA DT 5 SOREE 1 ORI RE ftrs AN, 20T 58 WL 3 5 7K
AL PRI HEHCIR, Fou BE 5 3 SR R IR 22 5

25 b, AN [ A X, 25t A T A ] A5 DR AP A5 v ot 1) ik R 2 D A 10 4 ) 0 A
ik AR, RAFR I v 05 R B2 52 SR i b BT S . N 0 9 R AR R A I IX SR AR A — i v T8
IX., U Cecinato 551" 78 B R A Hy 5 A3l DX 2 A4S RBIX R A £ g Rz 4 v m] = PR L it 5, 445
FEHA N 9% B R R 2 X AT R PR ) VR J3E 24 S X8 IX 1) 10 455 Balducci 4525 7 42 280 3 17 8 B XA
HIRAE R B WLIN 25 SR R B, i R IXCAT S PR AR 8 240 Ry B30 1Y) 3—5 A%, T KRR I 1) e J32 A T SR U
J . Viana SF0 34T T PGHESFAY 3 AT (R EESR . DR RIRHE R )RR A RFE AT (R
JE AR T RO ) SRATE SR ORI e S A G S, TR M PR A- D SR BRI TE
3 AT B AR B A Tk BE v TR AR AR RO I 25 8] 73 A P AIE. Cecinato 481 BIFFY T 3 A PR 45 (i i
T, 2 ORI s RS ) H WLBE il 05 G K, O 2 AN RIRT X 5 Rl R AT LU 2R 3R, mMEIT N 25
it A VR JEE S B, PT R TR /=AML E 200 1.5, 3 R RIR R EE N/ ZE /M HLESE L 0.5—75 5
ST S BN 25 SR AR b, R R A e 1S A, T A SRR B Ak X SRR Y
100 £5.
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- = = — — — — Ly LHdyL00T pajing -
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Fig.1 Concentrations of cocaine in particles in the major cities around the world

HRAHE PRI B IR —, 23 TH T o & 2 R R 2 B2 10 Z= 1 22 A RHAE. Cecinato 451
KA T ERA 144 XA =R 2 = i) URL I RE i, 0 B 45 2R /s & 2 m] R TR R R 24 O ] 2= 1Y
2—3 A, MAKBRR AL RN R A E 20 6 £5. Balduccei 55 7648 O T 8 R DX A WL 45 2R 7w
KRR B2 2R 1.5 4%, ORI b3 e BE i 2819 28 53— 7 T 2 AR AR ), &2
RAFEE IR, AR T I BEUE 2 R BT g5 55— 07 1 2= 1922465 AU - OB AR )
Ak, BARER R, Al R RIS RE bl 5y A7 A6 T AR, I RURLAR A 59 35 S AR el b o, KR
f 5 ik 32 B AL RS2, — R 2R R g R PR IR R, A-DU SRR 2 T A AL A AR
JRR BRI, DA T 5 B0 2 23 SR DRR 8 10 25 a1 020 AR 2 i HE RO [A], 2 P i 2 i i s 22
AR 1 J AZ AR AE. Viana 5500 3k EBPEIESF 19 3 AT b AR H AR H TR L HRE L A-
VU SR JRR B9 458 PR, A I it A 38 o L S BT FI A, o DR o 8 P R NG S22 T R 3t X R 3R
S5 P 2 A A 2 ORI, TR TR R S B g Lt T R ) 2 T HE O O R R R, PR R )
AR HIE TR I 12 A — SRl N AR R RE

RAFREE HRE b R B MR BR T T T8 2 KI5 A B RFE S P A
f AT RESR IS, 38 v] 53 AL ARTR | HARTE A i 2T AR S AOCHK. Cecinato 25040 e B2 Al R
DR e 2 55 2 At A T 8 | AR A i | B U AR DA R e PRIR YT 7 SR S B AR S TR, i
HUREZS TP R RE b RS BE AR M HIAHIBE AR, FFRTE Al R /ety T Y HU AR D Ak 3o T P 2 i T FH O
GESILIEsy el

4 REAREPEHRETBEKFE (Exposure levels of the atmospheric illicit drugs)

F R R SCRRIIE 1 R v 2 A B2 B2 K-, Viana 2609 A5 58 TR A S S0P 3
Xof At B 1) f 5, R S B 2R B AT R AL VI LRI A - D SRR 5 17 78 FH 3R 4 43 3104 197 mg., 106 mg FI
2—5 g, Mizs KA a] R I R A O- DU SR RR M8 1 MR 32 43 31 29—851 pgrm ™. 9—143 pg-m ™ Fl
3—156 pg-m”, i B R IFIE A9 2500 20 m®, AR T 1 A4S0 68 00 L3R 2 i, AT DA 20 22 5
3247 47 | WS R EEP IR R 100 4F | A°-PU SRR B 2RI AR B 4x10° 4F, ft T WL, 25 P
T BR 5 it 7 A 2 0 A BREASY RSl . Lim 25 O Al 3077 Y B 54 A P R S i 1D 9 A 5 3l Ay
0.108x10° mg-d™" F10.193x10° mg-d™", AN 114 2 58 7K V- Xt B 1) 5 Wi 2 FAS J2 3 1.

S S AN RARIRET AT it 2 KPP AR, (EUR 5 SR IR 2 3 T AR N 5% A P % 2
B, W% PR SC 50 28 A, A B0 A) R P AR S A B, 28 S ml R R RE AR 100 ng-m s T 245 X0 235
(AT R PR HEAT AL B B, 45 A AT BV BE e ik 10000 ng-m?, Bk R A ViR BB T BE £ AR N DA A £



2984 7N 54 1t 2 41 %

HECL L, B 7 2 0 L LT 70 G E 030 5 T 15 S, 5 B2 B4 7% 1 7487 5 A AR
KI5 TR RS TR (5. (BT 22, A7 /A 7 A 4 110 5.0 4 6 8 5
BRIE, T B E ) T 2K — 22T HE PR

5 JEH (Prospect)

TEE £ WU H4E, i T o0 A8 00 K, T BR 55 2 200 2 il i FH A e B s 1 — 5 kit Je 2
TG K IRAT R 7 AG SR A DI i Tl E B2 AR A T AR B AL b . BRI B4R TT R TR
PRIE 2 i I A IE S, (EL RSk 4 T4 2 2R RGN I T I T IE, UHRE 128 S0P WL dh TR
ELAFFE DI SIS | 2 AP | SRR T3 RS A — 58 B R BRYE. LN, R i3
vt S0 b DX = AR TR RO, JC R R RN % B 5 e 225 1 56 R JR SORSIE AR AT B 5 5 Tkt T
B an VRN T2 TR A 2 DA vy A ) T R M R LI FD R 4R R A AR MR 0 SR A 32
TR D B R AR A, LSO 1 B R LR T R A X AN SE [ RORAE | AR M X AR IR AL
RIS 26—, RAERIE rp I A 75 i b 288 32 R TR DRURIRR, TS FR B2 R I 218 MR oft 35 1
Py AR SEIT ST D 5 =, KA EERE il B SR AR R 22 A R U] N WACER, AR fRr 2 1B 3 1—2 A1, i
X T A AR AN [A] 251 B 85 il 23 AT FEAE AR DGR S 80 S 0, SCRR b i 18 1 R AERBE B i R
LA e A R BE T T AORH T R A R R R DR, R R IO A e TR T A M X (G
I SRR | v ] 45 ) I R DR UMUK A B A Hh i L5 o B st 35 P B S UL 5

TERSINEE R, B T 35 0 SRS, QA 7 P ™ 4. L, 0 W sl 22 W e it o, 2 i SR AR AE T
B PR SRR R 237 A SRR A O LRI, 8 RE S 0 AR AT R T AR T AR R
AR NS AR GE T i LS ORBRER P AR VU I 25 5 10 b, PR F S 02 A 52 45 3R B8 PP AT
1, T3 i S AN [ Y S AU 2 P, LS | AT 3 USSR, D B R B I AR
st JLACRAT B0 AR A 7™ 0 L 5 X 2 o BARRR e 7 D RO BT 5 T DA g el P D7 5 B R B AR
SE W B AR 28 S I AR D7 3L RO T P 3 B0 £t B2 ) 45 D T B B A R 324 b, i JEX T PR
RAIREE PR S AR ) B AR SC RIS, DRI, B 5E PP B ol S A ) I gk ™ 49 S FG M 00 D7k B AR
KHIBTFETT IR

A 75 7K AT A R M T B SR D, RIS A5 7K P dh SR i e
HEME AR | 57K A0 B LR IR 55 N 100 85 Rl S B e DX oot T P e P A R T DR RO v B i O VR
% Z R0 R BRI, AL SRR IR RN | HERCR B | SOM-OREAR A 20 G . G AR g A L TR Dttt
o7 BN A5 A AT T A, BRI S P A BV BE AL, i T ER AN R S 15
BEA B AR AT ) 80 . H AR 0 BT B e OB R SO A B o5 EE L =S S A L A 3 N R
AN L] el TR 53 Ak I SR B SR it i o L8] A% 300 I 30 DX Il R 4 2 ot ) o B L XN 7
v i FH 7 1) A L 2 O T AR | DI RN BSOS ST I, ROk RIS AT DL D7 T T

SR, FRBOX LE SR I 2 R B P, 388 e 0 IS ) R 3L R A AR T5 ey (e i 1),
X A E AT U — A, R LA/ T ot e B 2 S RN e s SR R A — Bk E 5 E A &
AR M B AR ARl S 2 BEOCR, AR IR 8 5, BEDRE ORI b 2 i 2 B A D 2 0 O
DA A BT B R FRTEE TR ER S A 25 i W DA 1 R P B AR 7 U, (EUE % S8 21205 AR
FERIEPEIR | BTG AR RAR . AR SERT (<24 h) M ARIEE S 5 B, AR EE N DA L 4 S
B AT A AR IR DT A R R R .

S 3k (References)

[ 1] DAUGHTON C G, JONES-LEPP T L. Pharmaceuticals and care products in the environment[M]. Washington, DC: American
Chemical Society, 2001.

[ 2] GONZALEZ-MARINO I, BAZ-LOMBA J A, ALYGIZAKIS N A, et al. Spatio-temporal assessment of illicit drug use at large scale:
Evidence from 7 years of international wastewater monitoring [J]. Addiction, 2020, 115(1): 109-120.

[ 3] KHAN U, van NUIJS A L N, LI J, et al. Application of a sewage-based approach to assess the use of ten illicit drugs in four Chinese
megacities [J]. Science of the Total Environment, 2014, 487: 710-721.

41 XU, EfE SR, & 15 K RAT I 5 8 A 17 R3S AR 4 B R 28 79 el B AR AT 3% (00, B BE 4k 3, 2018, 37(8):
1763-1769.


https://doi.org/10.1111/add.14767
https://doi.org/10.1016/j.scitotenv.2014.01.043
https://doi.org/10.7524/j.issn.0254-6108.2017121802
https://doi.org/10.1111/add.14767
https://doi.org/10.1016/j.scitotenv.2014.01.043
https://doi.org/10.7524/j.issn.0254-6108.2017121802

9

TWAEAE KA IREE 3 5 WA Y ok 2985

[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]

[34]
[35]

[36]

LIU C Y, WANG Z, FENG J M, et al. Methamphetamine consumption and prevalence in Liaoning and Jilin Provinces investigated by
sewage epidemiology [J]. Environmental Chemistry, 2018, 37(8): 1763-1769(in Chinese) .

FRIDETT, s B, EAE, 5. BT U5 K WAT 2 I FE I AT HI R B S ik e (1), AR 83 B24 41, 2020, 15(4): 79-87.

ZHENG X Y, YUAN M J, WANG D G, et al. Sewage epidemiology for drug situation assessment [J]. Asian Journal of Ecotoxicology,
2020, 15(4): 79-87(in Chinese) .

CYRANOSKI D. Chinese cities scan sewers for signs of illegal drug use [J]. Nature, 2018, 559(7714): 310-311.

CECINATO A, BALDUCCI C, PERILLI M. Illicit psychotropic substances in the air: The state-of-art [J]. Science of the Total
Environment, 2016, 539: 1-6.

VANDYKE M, ERB N, ARBUCKLE §, et al. A 24-hour study to investigate persistent chemical exposures associated with clandestine
methamphetamine laboratories [J]. Journal of Occupational and Environmental Hygiene, 2009, 6(2) : 82-89.

LIN Y C, HSIAO T C, LIN A Y C. Urban wastewater treatment plants as a potential source of ketamine and methamphetamine
emissions to air [J]. Water Research, 2020, 172: 115495.

VIANA M, POSTIGO C, QUEROL X, et al. Cocaine and other illicit drugs in airborne particulates in urban environments: A reflection
of social conduct and population size [J]. Environmental Pollution, 2011, 159(5): 1241-1247.

CECINATO A, BALDUCCI C, BUDETTA V, et al. Illicit psychotropic substance contents in the air of Italy [J]. Atmospheric
Environment, 2010, 44(19): 2358-2363.

CECINATO A, BALDUCCI C. Detection of cocaine in the airborne particles of the Italian cities Rome and Taranto [J]. Journal of
Separation Science, 2007, 30(12): 1930-1935.

BALDUCCI C, NERVEGNA G, CECINATO A. Evaluation of principal cannabinoids in airborne particulates [J]. Analytica Chimica
Acta, 2009, 641(1/2): 89-94.

CECINATO A, BALDUCCI C, NERVEGNA G. Occurrence of cocaine in the air of the World's cities: An emerging problem?A new
tool to investigate the social incidence of drugs? [J]. Science of the Total Environment, 2009, 407(5) : 1683-1690.

POSTIGO C, LOPEZ de ALDA M J, VIANA M, et al. Determination of drugs of abuse in airborne particles by pressurized liquid
extraction and liquid chromatography-electrospray-tandem mass spectrometry [J]. Analytical Chemistry, 2009, 81(11): 4382-4388.
VIANA M, QUEROL X, ALASTUEY A, et al. Drugs of abuse in airborne particulates in urban environments [J]. Environment
International, 2010, 36(6): 527-534.

CECINATO A, ROMAGNOLI P, PERILLI M, et al. Psychotropic substances in indoor environments [J]. Environment International,
2014, 71: 88-93.

CECINATO A, BALDUCCI C, ROMAGNOLI P, et al. Behaviours of psychotropic substances in indoor and outdoor environments of
Rome, Italy [J]. Environmental Science and Pollution Research, 2014, 21(15): 9193-9200.

CECINATO A, ROMAGNOLI P, PERILLI M, et al. Psychotropic substances in house dusts: A preliminary assessment [J].
Environmental Science and Pollution Research, 2017, 24(26): 21256-21261.

MCKENZIE E J, MISKELLY G M, BUTLER P A G. Detection of methamphetamine in indoor air using dynamic solid phase
microextraction: A supplementary method to surface wipe sampling [J]. Analytical Methods, 2013, 5(20): 5418.

DORAN G S, DEANS R, de FILIPPIS C, et al. Air quality inside police drug safes and drug storage areas [J]. Journal of Analytical
Toxicology, 2018, 42(5): 360-364.

RYNO M, RANTANEN L, PAPAIOANNOU E, et al. Comparison of pressurized fluid extraction, Soxhlet extraction and sonication for
the determination of polycyclic aromatic hydrocarbons in urban air and diesel exhaust particulate matter [J]. Journal of Environmental
Monitoring, 2006, 8(4): 488-493.

F IR, e 2, LR, 55, SPE-UPLC-MS/MSIw i 482 95 7k i 22 i il 1 25 4 S HARE 9 LO0. o [ 2R O 24, 2020,
51(3):305-312.

WANGJ Y, HOU C Z, HUA Z D, et al. Simultaneous determination of illicit drugs and their metabolites in wastewater by SPE-UPLC-
MS/MS [J]. Journal of China Pharmaceutical University, 2020, 51(3): 305-312(in Chinese).

JEl 77, RS, e, A5 et AR K P i T 2 RSE R AT LI). B RLA, 2019, 40(7) : 3242-3248.

ZHOU Z L, DU P, BAI Y, et al. Occurrence of tramadol and fentanyl use in domestic wastewater in Beijing [J]. Environmental
Science, 2019, 40(7) : 3242-3248(in Chinese) .

LAI H, CORBIN I, ALMIRALL J R. Headspace sampling and detection of cocaine, MDMA, and marijuana via volatile markers in the
presence of potential interferences by solid phase microextraction-ion mobility spectrometry (SPME-IMS) [J]. Analytical and
Bioanalytical Chemistry, 2008, 392(1/2): 105-113.

GUERRA-DIAZ P, GURA S, ALMIRALL J R. Dynamic planar solid phase Microextraction—Ion mobility spectrometry for rapid field
air sampling and analysis of illicit drugs and explosives [J]. Analytical Chemistry, 2010, 82(7): 2826-2835.

MASTROIANNI N, POSTIGO C, LOPEZ de ALDA M, et al. Comprehensive monitoring of the occurrence of 22 drugs of abuse and
transformation products in airborne particulate matter in the city of Barcelona [J]. Science of the Total Environment, 2015, 532: 344-
352.

BALDUCCI C, GREEN D C, ROMAGNOLI P, et al. Cocaine and cannabinoids in the atmosphere of Northern Europe cities,
comparison with Southern Europe and wastewater analysis [J]. Environment International, 2016, 97: 187-194.

RUSSO E B, JIANG H E, LI X, et al. Phytochemical and genetic analyses of ancient Cannabis from Central Asia [J]. Journal of
Experimental Botany, 2008, 59(15): 4171-4182.

CECINATO A, BALDUCCI C, GUERRIERO E, et al. Possible social relevance of illicit psychotropic substances present in the
atmosphere [J]. Science of the Total Environment, 2011, 412/413: 87-92.

CECINATO A, BALDUCCI C, MOLLICA R, et al. Social [and health] relevance of psychotropic substances monitoring in air [J].
Environmental Pollution, 2013, 179: 27-32.

ARMENTA S, GUARDIA M D L, ALCALA M, et al. Ton mobility spectrometry evaluation of cocaine occupational exposure in
forensic laboratories [J]. Talanta, 2014, 130: 251-258.

CECINATO A, BALDUCCI C, ROMAGNOLI P, et al. Airborne psychotropic substances in eight Italian big cities: Burdens and
behaviours [J]. Environmental Pollution, 2012, 171: 140-147.

BELL S, NIDA C. Pyrolysis of drugs of abuse: A comprehensive review [J]. Drug Testing and Analysis, 2015, 7(6) : 445-456.

NAQI H A, PUDNEY C R, HUSBANDS S M, et al. Analysis of synthetic cannabinoid agonists and their degradation products after
combustion in a smoking simulator [J]. Analytical Methods, 2019, 11(24): 3101-3107.

RASO S, BELL S. Qualitative analysis and detection of the pyrolytic products of JWH-018 and 11 additional synthetic cannabinoids in
the presence of common herbal smoking substrates [J]. Journal of Analytical Toxicology, 2017, 41(6): 551-558.


https://doi.org/10.7524/j.issn.0254-6108.2017121802
https://doi.org/10.1038/d41586-018-05728-3
https://doi.org/10.1016/j.scitotenv.2015.08.051
https://doi.org/10.1016/j.scitotenv.2015.08.051
https://doi.org/10.1016/j.watres.2020.115495
https://doi.org/10.1016/j.envpol.2011.01.032
https://doi.org/10.1016/j.atmosenv.2010.03.032
https://doi.org/10.1016/j.atmosenv.2010.03.032
https://doi.org/10.1002/jssc.200700039
https://doi.org/10.1002/jssc.200700039
https://doi.org/10.1016/j.scitotenv.2008.11.004
https://doi.org/10.1021/ac9002485
https://doi.org/10.1016/j.envint.2010.04.004
https://doi.org/10.1016/j.envint.2010.04.004
https://doi.org/10.1016/j.envint.2014.06.008
https://doi.org/10.1007/s11356-014-2839-2
https://doi.org/10.1007/s11356-017-9549-5
https://doi.org/10.1039/c3ay40537k
https://doi.org/10.1093/jat/bky011
https://doi.org/10.1093/jat/bky011
https://doi.org/10.1039/b515882f
https://doi.org/10.1039/b515882f
https://doi.org/10.11665/j.issn.1000-5048.20200308
https://doi.org/10.11665/j.issn.1000-5048.20200308
https://doi.org/10.1021/ac902785y
https://doi.org/10.1016/j.scitotenv.2015.06.027
https://doi.org/10.1016/j.envint.2016.09.010
https://doi.org/10.1093/jxb/ern260
https://doi.org/10.1093/jxb/ern260
https://doi.org/10.1016/j.scitotenv.2011.04.063
https://doi.org/10.1016/j.envpol.2013.03.067
https://doi.org/10.1016/j.talanta.2014.06.044
https://doi.org/10.1016/j.envpol.2012.07.033
https://doi.org/10.1002/dta.1794
https://doi.org/10.1039/C9AY00722A
https://doi.org/10.1093/jat/bkx039
https://doi.org/10.7524/j.issn.0254-6108.2017121802
https://doi.org/10.1038/d41586-018-05728-3
https://doi.org/10.1016/j.scitotenv.2015.08.051
https://doi.org/10.1016/j.scitotenv.2015.08.051
https://doi.org/10.1016/j.watres.2020.115495
https://doi.org/10.1016/j.envpol.2011.01.032
https://doi.org/10.1016/j.atmosenv.2010.03.032
https://doi.org/10.1016/j.atmosenv.2010.03.032
https://doi.org/10.1002/jssc.200700039
https://doi.org/10.1002/jssc.200700039
https://doi.org/10.1016/j.scitotenv.2008.11.004
https://doi.org/10.1021/ac9002485
https://doi.org/10.1016/j.envint.2010.04.004
https://doi.org/10.1016/j.envint.2010.04.004
https://doi.org/10.1016/j.envint.2014.06.008
https://doi.org/10.1007/s11356-014-2839-2
https://doi.org/10.1007/s11356-017-9549-5
https://doi.org/10.1039/c3ay40537k
https://doi.org/10.1093/jat/bky011
https://doi.org/10.1093/jat/bky011
https://doi.org/10.1039/b515882f
https://doi.org/10.1039/b515882f
https://doi.org/10.11665/j.issn.1000-5048.20200308
https://doi.org/10.11665/j.issn.1000-5048.20200308
https://doi.org/10.1021/ac902785y
https://doi.org/10.1016/j.scitotenv.2015.06.027
https://doi.org/10.1016/j.envint.2016.09.010
https://doi.org/10.1093/jxb/ern260
https://doi.org/10.1093/jxb/ern260
https://doi.org/10.1016/j.scitotenv.2011.04.063
https://doi.org/10.1016/j.envpol.2013.03.067
https://doi.org/10.1016/j.talanta.2014.06.044
https://doi.org/10.1016/j.envpol.2012.07.033
https://doi.org/10.1002/dta.1794
https://doi.org/10.1039/C9AY00722A
https://doi.org/10.1093/jat/bkx039

	1 大气环境中毒品来源及赋存状态 (Sources and distributions of illicit drugs in the air)
	2 大气环境中毒品分析方法 (Analysis methods of illicit drugs in the air)
	2.1 样品采集
	2.2 样品前处理
	2.3 仪器分析

	3 大气环境中毒品含量的变化趋势 (Trends of illicit drugs concentrations in the air)
	4 大气环境中毒品暴露水平 (Exposure levels of the atmospheric illicit drugs)
	5 展望 (Prospect)
	参考文献

