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Abstract

Pharmaceuticals and personal care products (PPCPs) are emerging pollutants that are widely
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used in daily life, leading to the fact that they can enter the environment through sewage dis-
charge, incomplete wastewater treatment, and medical waste disposal, negatively affecting eco-
systems and human health. Therefore, in order to protect human health, the study of analytical
detection methods for PPCPs provides important support for environmental monitoring and
protection. This paper reviews the research progress of various detection methods for PPCPs,
including an introduction to the hazards of PPCPs, the methods for their detection and the ad-
vantages and disadvantages of various detection methods, as well as an outlook on the future
development.

Keywords

Pharmaceutical and Personal Care Products, Analysis, Detection, Environmental Protection

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

25~ NP7 # 5 (Pharmaceuticals and Personal Care Products, PPCPs) & 875 H # 2E 3% iz 1
LGRS N4 B i, EEAES IR, —RRSMAATT A MARLT 2y, btz KEE. HR
2. BRI, IR, IEZGEE, SRR AT EAM M, Wit KR BRI TG BB
FEAE[1]. PPCPs MIfA{EYRE T N X eer= 5, st HEMY) . oK SEHEBENS KA E T,
TR BT 0 2 BRBORAME, R . BARIX R B AE P ik B BARMS, I8 E ng/L~pg/L
KF[2], (HHBABERFE AN RS A Y BAE[3] [4]5, I HRefE AR A R R EfAAE, ME
VR, 6 K2 B T AR BOK AL L B ZEZE WA, F 22 N 2848 RN AR 2585 ok LR BV FE S i [5] [6]
[71 (8] [9]-

LA H BTN fE ok NARGE e B 35 22 e Ui e KBRS B e —, BT 27k, HATRL
ITNRZ A p-NBERERPUAEZR . RIFERZE, MR, DUMRERKRSE. i 2013 FE 4t B, e E,
PrAE R EIA R 16.2 JIME[10], ABFHREL 1389, A RMEHERZMERE. JrEREAY
g5 NRAE A ANE R TR, (BHTAEREA Y5 G B2 Mok, KEMHTAERSEOLEE 2 Mig
FERE NG, IR BR] REXT AL 25 22 AR N AR R R P Bl . WP R, BIEAEARIREE N, PR
WA RERT AR AR A T[] bR T HUAE RSN, HEMEN) PPCPs AR AN REE S MMEH, X
Lo 51 A7 AE T HER K DU K AR K & o T B SR KRR e 7K rp A 0 3 = SUAE 1)
EAE, WPl s 14.5 F19.7 ng/L [12]. N TEBEE R —RERMIR, 3 ERHAES bt i FIE s
F GRS AHRAE, 87 o [ 78 R R 3 X BEFLRE b A U N TR, e & &/ T 1.4~165
ng/g. P, PPCPs 5 AZKH AW BB W5 PPCPs MkillHiA, i1 1 AR i I
Xof He St A U 4 B R

2. PPCPs BO#&M 75 3%

H1 T PPCPs 5 QWIFEIR G 8 A, SRS B AR E M MO RE T (K S 2%, {345 PPCPs [l
HEREIG TN . A PPCPs 5 4 F 1) 759 2 248 LU Ea i AU (i SRtk O AR, (i R HE P
BoR, BAL T BARIKIE U R 22 45 & ARG IRER BOR S . DU 5795 B2 13X LR
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MEARBIBTFCER, 73 A SR I 4 B
2.1. BIRBLERKARAR

2.1.1. §HE&i%(Gas Chromatography, GC)

S 72 (Gas Chromatography, GC)J& —Fh & F 0 S A T b S HAR, & 3E TR s SMiE
b rizsh, ARSI A ANER ISR 2 TBR A A R R0 A, i ELER A S AR ARG ) 28 A B R 75
TE[13], RN, BRSNS EAHTTTE . GC 2 N T A S Tl B SRR i 43
T, AR 2%k B UL RS R A A 4 R AT e 23 B8 3 e [14],  mT DAIRIIS JEAT 5 14 0 58 B 40 AT
R I H B S IR E G N TR, R BRI THR[5], (R TGV 5 Rl 40 43 (¥ 25 4 it
ITHE « BEEPUSHAR K RE, B AHEIE 5 B iE A (Gas Chromatography Mass Spectrometry, GC-MS),
ZHAR PLZ # T % i (Electro Impact lonization, EI RS T8, & ita e R &7, B ERET 1M A
Jo B P AV () 43 BS RE T, AE 22 A0 R A3 T O TR B AR [14], [FIR 456 1 GC 53 B Re /I A0 st i 1)
FEretk . Aznar [15]55 N id 8 A i B 22 IU(UAE) 45 & GC-MS X 338 rh 15 M fh &4(8 Fhk K 44625
1 MPURINZ . —Fh B SZAR R A —Fh BT AR 25) dE A7k 434, Aar PR A 0.14 ng/g~0.65 ng/g. {EllE
BT LIRS IR E AR ZW), VIR EER . W, AR 2K 0777 . Kumirska [16]55 A
FENL T Al — o A R A g b 20 A28 MR AT AR 2. 5 MBI . 2 RTINS, 2
Bl B BEIHE AN 3 FRHTAMAL25) 15 B i ik, Bt T UAE 2%, JFi@id GS-MS &+ I (SIM) B
NREATIE, A BRIA R 0.3~0.7 nglg. HITVEREEAE — IS T e BIR TR ONSRZGY), BT RA R EREX
T DL R AERE A E Al RAR 4R I, 145 9 FhZ WA B i [l Sc R, T DRSO AR il AT AL R 28
IR AN ZRZGW T . B AL G RAS I 7 2 AN 8 VAR DR o A7 R B AN T R I e X R R )
I HXF PPCPs HAN AP 38 7= i ar I AR A 6 LU B2, SRS [17155 AR AL 1 —Ff B AERR % 3D W4 25 4 R 22 1
SR 53 2E RS ) B T A [ A, AL T AR G Al BV A HL-GC-MS B i 1 22 Fh LR
Besy s ASERAER 2 BT I Z S A EARIA R 7R B . TR R REE ARG %R, LU
TG R A R P AN AR R o & = I E

2.1.2. #HEEEZ(Liquid Chromatography, LC)

VARt 7% (Liquid Chromatography, LC) & LA AR NI s AR, DA A B33 A [ 44 2 Th 09 AR 1E b 5
. FEHRSIME S 5 H 5 15 B R R il . FOER AR i B R FH TR 6 4 Hh 0 51— 2H 23 o VR 3 AR A
[i] 58 AH @ISR A AN, 2 AR TS AE 2 R, VA R A A AR i R R B AR BEE AR, X
ezl Ly AN E R . LC BIEH T frmih sl MEER . PAREEZMAEY . &S5
T2 L2 T0 R S B A U 1R 5 SR, R RO €t v TS DL R R i A B A R, DAE RS B
ROk 45 3 . B AR H IR SR B (53 - 5 K BT (Liquid Chromatography-Tandem Mass
Spectrometry, LC-MS/MS) [18]. = 20 AH &3 - 5 BE )i 3k (High Performance Liquid Chromatogra-
phy-Tandem Mass Spectrometry, HPLC-MS/MS) [19]. A @& 50 Hl (il ~ B2 BE R 1% (Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry, UPLC-MS/MS) [20]. #3 R (it — A BB 5 1%
(Ultra-High Performance Liquid Chromatography-Tandem Mass Spectrometry, UHPLC-MS/MS) [23]4%, A
I 1.

FR IR V2 2 R FH AS B ot PR 47 J0 B EAT A A A s, 3 i ol I AR e T AR PTG RE B &, 5
R RSEAEL, TR RIS AR SR, B R I R T KU B E S R R, R
B AT SR A i PRSI B o [R] N A i TRAL B BOR (AN TSt LC-MSIMS [ FH 1A 90 [ AR R T
Tanoue [18]5F NG [ — il g fh I S AN 4> B AH 24k 72 il PPCPs (1) 11 {5 7341 75325, i S35 i B A
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AALEE TR ERER ME SR AL, AR ERRE S, B LC-MSIMS BRI, A H PR L 45 (0.0077~0.93
ng/mL, 0.022~4.3 ng/g), ISy 70%~120%. XA TG HERf . RBOMIDLE, AT DU B A f 2 i o
() PPCPs B BT L5 A VAN, A BT ARSKR AR VPAS o [ AR AL EU2 A& 0T Aok R J R SR [ & Tl 28 5
B, R 5 R B R AR ELPE 23 B R S B D R SR A I, T E s 2 IR A HUS AR IE B 4y
BEERFEA I H . SRS MRIRARUEM L, 20 r EICRAS 2 FdR e . XIIRE 19155 i@ id ik
[ AH AL HL(SPE) 5 HPLC-MS/MS IS4, K i) 26 Fh PPCPs BEATHIN, 3% F 1 25 & MERE B 1Y Oasis
HLB [ElFHACHUR:, £ H RN 0.007~1.78 ng/L, [EIZ Ay 52.28%~115.24%. 1%/ 15 0] i & /K& =+ PPCPs
(ARSI 23 AT B3R . R 7K AR [20] 55 A TEXT R Hh 5% B3 1) PPCPs Al LA J2 PPCPs 7E 2 111 2% HH L A% R K 43 A
i, 28 ST —Fh e T RO A - ER IG5t (UPLC-MS/MS) 77325, 18 F] HLB ZEBUN: X RE F iR Y PPCPs
BT E A, ZOT RS T IR N 27 H PPCPs BR BRI sE e B AT, AR 0.01~0.3 ug/kg, P
BIENS A 80.8%~122.3% . X P M ik A WA AR, AHTEERER, WERGRE R RS, F HLAE
JERE AL S ) 22 TR ER 43 i DA A
DB AT 25 2 — ol 368 3 T 4 A o 20 7 (0 o LE PRI SR AT e AT I v, A S5 M fRi B, R/

HER. FRMEEIRE S DI A A S 2 S DU R B 7 PRS0, T DAE B g I & 7 ik AT —
o, W T 2R BB EB D IR, Zhang [21]1%5 A KA T15 5000 (1% - o8 156 DU AR AT 5T 1%
(LC-MS/MS) & & FHo A [R IR H b % 7Kk b 38 Ff PPCPs, #6 HiBR A 0.2 ng/L (WmE[R)~0.17 mg/L (#& 517K
fIR), [EIWSCEEh 40% (T fmEne)~124.4% (). FTF RIIHERD T 578071 MBHRTEFE, FF it
T Tk . K ZE K RS K AL BR ) HE 7K . Sunyer-Calda [22]28 NS 7 — Fioi (il - DUBHT - 264k
BT - B/ pn i I H BR (LC-QqLIT-MS/MS) € & 73 #rAE b 55 Fft PPCPs [757%,  SEdb A th R 2
0.04~0.8 ng/g dw, [FIWE A 80%~120%. Z7iEHE . B, HRE, CLBIISH TR g
B3 AT b I 7 20N TR R A AR S H AR PPCPs IS BN E o FVER I [23]45 K F KA AR B 30t R 45
AR T A A - = PO AT R (UHPLC-MS/MS) Kl K 3853 vh 145 Fh PPCPs, it C18 kEik47 (o
WE, WhREER, J7IEK IR 0.015~5.515 ng/L. AT Z7E 80.4%~128%.

Table 1. Application of chromatography-mass spectrometry in the detection of PPCPs
1. BIEFUEEMARTE PPCPs 42 5 R A

i PPCPs ol 75 2 Kb ¥R 5 & HBR &S
T 3E[15] 15 M4 2K) GC-MS UAE 0.14~0.65 ng/g
T 15[16] 20 #ZH(5 2K) GC-MS UAE 0.3~1.7 nglg
BeRF17] 2g§@éﬁ£ﬁﬁ A g%%‘f*fm UAE 15~115 uglg 89.2%~103.2%
@Mﬁ[ﬂf]%ﬂéﬂ 72 i PPCPs LC-MS/MS UAE 8:833:2:2 Eg;g 70%~120%
HiZR/TK[19] 26 Fh PPCPs HPLC-MS/MS SPE 0.007~1.78 ng/lL  52.28%~115.24%
ZF I 3[20] 27 Ff PPCPs UPLC-MS/MS SPE 0.01~0.3 ug/kg 80.8%~122.3%
WA - By
HhFEK[21] 38 Fh PPCPs AT v AHTH  0.2~017 mg/lL 40%~124.4%
(LC-MS/MS)
A3 [22] 55 fit PPCPs LC-QqLIT-MS/MS 0.04~0.8 nglg 80%~120%
T P O (3 -
R IKMK 7K [23] 145 #h PPCPs — B PUARAT o 1 0.015~5.515 ng/L 80.4%~128%

(UHPLC-MS/MS)
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WL S

*FF PPCPs BRI, WAH g B B AR S i B vk, ZABAE SRS SUE R S,
I HLAEAL SEILXT B 24 RE S0 Hr, R T FREEATET PPCPs fORGIN, {HsZIbEE R 4, Wi, JFHFE
TERFNUES .
2.2. B RER

FELAK 25 A SRR A — ) P P S B ST, 27 0 A A S o JFL 3 U B 7 P 27 O RE R 7 A 9 P
P B AT AR A SRAS I R B E BRI PR B B ABAE S S 3. 0 T ik AR IR AR Sk, B & IE g Tk
MR B OC L E, 1E TR AR G RN G B s S it e T DA RIF I AE AR . 2R 5[ 24]
IS BACKE GARL, MR S I AL AR S, SEIL T X P AR B R B ) e R ks, IS
KRIPRIAE] 0.0034 uM, FERIIA T AN MG HTA =R, 2B REEEE SR BUE, (IR, &b+
PLRE S RE . Olga [25]% N T —Fh &K BURE AR R ARAT AL, 3L 7 AR 2 VR IR IA Py B2
A, RrHIPRTE 0.045~1.43 ugiml, S ARG A EAEEL, Z77 0T LA — D GBI Z5 R

LA, N T XA A b T o, SINEE . BUiRss, BNk, 538 ik 2% o 7 i
M, BAEBREARETE. Rl EXPUE R RGBT, AR RGNS ZARMEE &2~
AR AEYE S . Pan [26158 N iH— & T20 7 B &4 (Molecularly Imprinted Polymer, MIP)
() HAL AR RS, IR PR T Re 5 KR P BRSSANA 0 b A 2 I 5 (AT P s 1 M 1y 2854 5 W0 S Th
AR, FH TR A B R, AR 0.12 uM. X EAL AR IR L AT R R R %, WA T
P 3 2 PR IR A B 2R B AE R AL IR . MIP FIGRR E5 40 A MR IR IR AR 454 7 MIP [ s e 5
GEKAPRL L, e, B BRI J1[27]. HKHE[28]55 NMIE T — i Y e Ak, 27 0@ e A 1 Jak
&%, RGN E T2 IR G-DU R/ DNA BE41% 153 2 =il 1 ) G4 DNAzymepeptide 254, SEIUN
Wy R 2= 1R SR, AR 0.02 pmol/L.

2.3. EYAEE K% (Capillary Electrophoresis, CE)

B4 H ¥k % (Capillary Electrophoresis, CE) A& —F &0 & HAR, FIFH BN EE N0 B4, BIgfE
N BSIRE) F7, ARAE AL T F 3 R R B S AN [R] SR SR BIRE i 23 B R E AT o 1207 VA B AR
5 B AN . AT DA SR B4R LC-MS i 5E PPCPs (1) /772 Valimafia-Traverso [29]28 A\l 5 T #Li&
PETT RN 25 FEWE DA K P 2 TR C X KRR R (a5 1, CE & H S ARG HE BR N 0.4 mg/L. X IHHF 7t 75 B AT fig
B B o AR PR MU BE (R AT TR, T BN KA R RCR R AT TR S TR R R
P e DA BRFTIRE St A B ERRE A, RSCBI BpR o B  B HIIM R AR 2 —

BYNE B IKAERE S NAREUIN . BT IR B ARSI 1) ' B P R S5 i 8, fE LS X PPCPs (18 IR
SR B, LT R B E K AR I AR B 757 ZEMAE[30]5F NS T s B4
HLYK (HPCE) - S8AMGINYE,  SE PG = Fhgu s 25 P it D 2 25 e, A BRYE B 0.05 ug/ml~0.1
ug/ml, JARECEA 90.4%~103.8%. HPCE 454 1 A& 48 K AR R GRE 2> BB, #RAEEF{E. &
B . R, RSN RIS, A FLA R B R A 1 4 B

AR, WEAN RO B UKVERAT 73— D 0ot 8 I RE G EAT & A DAk 2 BE AT R R 45
o BINHBORFE FERBANE L s Ak BB - IR sl BANE (ilvE55. LI [B1]5%A
Wit 7 — Rl R R SR 28 5 3 HOK HERE - BN MK (FASI-CZE) BRI I 73, Stk ikd 6 Fhit
A FFR B IAT T, BRER D10 KV BVEN B RENBAIE W, £ 35 40N 6 PPl Rm e 05,
ZOTIEI A B IA F) 0.02 mg/L~0.05 mg/L, 55l B4 kAL, REEARRIIR . XA
SR SRR TR M AT BRI T — PR T B PR K T . 2R AE[32] R FH [ AHAE R - R R LB B4
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Figure 1. Experimental layout of a terahertz spectral analysis system in reference [36]

B 1. KB T R GRS B[36]

C (S
( )0,3 N — 0 mg-dL™" . ( ) \ —0mgdL™!
N - - 10 mg-dL™! 1554 \ - = 10 mg-dL™!
N 30mgdLt /7| 0.40 30 mg-dL™!
W —=S0mgdL 2/ | o ~--50 mg-dL"! p
BOAN_ N, -—-70mgdl? % | So035 Jomedl- 7
2 100 mg'dL"//.’. / %
Z 3
£03 [ S
i ? £0.25
02 0.20
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Figure 2. Metasurface based on symmetric open rings. (a) Schematic of the three-dimensional
structure; (b) Schematic of the unit structure; (c) Transmission curves of furazolidone solutions from
10 to 100 mg/dL; (d) Variation of frequency shift with mass concentration of furazolidone; (e)
Transmission curves of 10~100 mg/dL solutions of furazolidone; (f) Variation of frequency shift
with mass concentration of furazolidone in reference [37]

2. ETXMAOTMNERE. () ZHLEHREE; (b) BTEHREE; (c) 10~100 mg/dL
HIRK MR R A0IB ST ; (d) SMF5 ERERRIEME R EREEMLXF; (e) 10~100 mg/dL
RIRRIEZERRAIEST L ; () SNSRI E R ERE N T X FR([37)]
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Figure 3. (a) Microstructure of the metamaterial; (b) Experimental transmission spectra of different
concentrations of norfloxacin on the metamaterial; (c) Relationship between the amplitude of the expe-
rimental transmission peaks (red line) and the frequency of the transmission peaks (blue line) and the
concentration of the norfloxacin; (d) 2D scores plots of the first two PCs of the terahertz transmission
amplitude spectra in reference [38]

Bl 3. (a) BMRBIHIEN; (b) ARIREIER EABM I ERISTINESIE; (o) SKIESIEE
E(I%)SEHIENER (L) MERDEREZERXFR; (d) KFFZESRIBLIERRE D PC 89
ZHSE(38]

KA 2h AT R P B S e 2 8], K0 0.03~3 mm, MIARAE 0.1~10 THz YRl P9 1 R
P[33]. HTHAAMARWET. R, FERE. R0 SERIE[34] [35], Kf&EBARCAH 2
T8 i e ae s AR 25 LR AE L ZUR ) S48, Guo [36]55 N3 T —FURFF 28 HoR 51 B
ARMEEGHITTE, WE 1R, SEPLT X 16 Rt R . v 5 16 Mt R i 06 A
RSO T, AP 3 R 3 A D5 R R L 25 00 A BE AL RBIR N HEAT B 4E, IR B4 ) 1 Bt A\ =
FRERSIEAT R, PR TR A 2R b ik 99.91%. [RIIMG, IR AL 1 4 45 U7 VR AE 2 A Iy Tl By
SPNIii= PP

WEE I TCRE R, P T ASLIN AR i B0 0 R 28 DG TS AR A6 AL 1 RIBUZ IO R SK Reilog, BT K%
BB S HARAEY 73T RN ILES, B BAN N AR 5. R TE R 2 g NG MR, B
R RS PR 0 7 P A2 I 95K o B L oo Ao P B T 94 ) A 5 2 R A T ) 5 T AR RV PR 41
MBS, SEIUR BT )€ S o SRS [37]5F NSR T — Al TR ARIT 2R 45 Mg 1A ROh 2B 2R T 4
P, e 2 From, SEBIL TR P AN [RS8 F1 PR i e e AT PR g 22 DR AR ) IR AL N, e (A PR X 21 10
mg/dL, AR AR EHAERSEE AWM. Li [38]5F NBeih 17— M3k T M &6 i+ ok
fRIRES, W 3 Fra, SRBOR RV T R 220061l Bt , IR & B o rid, Res AT RobAs il
W R R 2, AT ROy 0.01 ug/imb, g dh B ot mh v B SR 0 7E 3R B (0 DA I S 41 17 28
ANSERAK A -
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FIFH I P R AL AR A M P, A I N PROE 3 A B S bR SR B, 7R B i m A R R
WS . AR, MBI SR TN KRR GG B A SR A PR o0 R 4l R HE A A s S T 4
[39], EAmSHME. MR SRR R HIAEDAEZEIE40] [41]5HRE . il KAk 22 R M5 A &
IS A, XMEAEMERALERS, oL R R R BT, St H AR R =AW .
SR AL IR AT 2 N T & M2 4s[42]. RZ4[43] [44] [45] AEWER4[46] [4T] [48] 5403k, &)
TRRAEE fg/ml K, A5 EE RN T IREEATIE 6 PPCPs A o

3. ANREAMFTIEXEL
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