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Abstract

Objective: To analyze the development history, research status and research hotspots in the field
of pharmaceuticals and personal care products (PPCPs) in the last decade by using the visualiza-
tion software CiteSpace, and to provide a reference for the subsequent in-depth research on this
type of emerging contaminants. Methods: The data source was the core collection in the Web of
Science (WOS) database, searched from 2011~2021, with the search term PPCPs, and a total of
1668 valid documents were obtained. Use CiteSpace software for collaborative analysis, keyword
clustering, and burst analysis by countries, institutions, and authors. Results: The country with the
largest number of publications in the field of PPCPs is China, and the research institutions are
mainly the Chinese Academy of Sciences and Tsinghua University, with 52 core scholars; keyword
clustering analysis shows that the main research hotspots in the field of PPCPs are their main fugi-
tive forms in the natural environment and their impact on ecology, the fate of entering the envi-
ronment, and the typical antibiotic drugs in the environment. The keyword burst detection shows
that the main research is currently focused on the degradation of representative antibiotics in the
environment and whether they have any effect on humans.
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1. 5|8

23 S NP H T (pharmaceuticals and personal care products, PPCPs) M 7E 1999 ZE4E Daughton 25
[ERGRH, FEAFE2 MER: 4%, WEMeTr4MAERTT2): DA, WFE. Pk
JEEE . FITHG A 55E[2]. PPCPs AT DLl IS SR AEE SRS A NI, ARG, (H T35
Ko IR r= i B, BB i 2y S B AW I, IR R AR A Y BRI,
TEAEIEAE AR T, B N SRR . (R IA V) 75 2L 1 fif PPCPs £E %% FhEREE H (1 70 A 4 100 S A2 28 KUK
LR HORE 7 (R0 SR 435 vt FL b AT B 458 (3] (4]

CiteSpace & 3 [ 4 v & /R K5 MR 58 B TT K I — 3K AT RAL 3 A 8 T 40 A R ] LA DB e A
R BB A MBS AS], XINWHZER SR “—EhEEK, —%WhR: —EMBAE,
—H TR RS B SCRER . BNV 28 508 @I 0 25 17 AN o7 Ak 26— S0 ) 9t e BDIR AT
FoRaH, BN Yao 25 N F|F CiteSpace 73 HT Web of Science (WOS)H7H Fik /K BRI 3Lk, KRG 0T
TZAIE R T SRR R A6, EIREE AN E X Ik Web of Science #Z /0 &4 A CNKI #diE, &
i3 M 1 2000~2020 4 [ SNSRI 2 R RIBT 7T R e A5 95( 7], ASCLL Web of Science $die 12 K1 4% L
CEENEHEIR, B CiteSpace FIAALAHTHITNAE, XA KAEFL PPCPs MIE R 1EH . W AN RIS
] DUHEAT PTG BE, oA R R PR . BIDRR = S A i 5 4
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2. BBEMS RS E
2.1. iR

AR CHHE 4B RIET Web of Science HUE Z H %0 SC4E, Pl “PPCPs” N6 2% /A, R ER
P 2011 4 1 B 1 HZE 2021 4F 12 A 31 H, B CERBBAERES “ARTICLE” . “REVIEW” |
“PROCEEDINGS PAPER” HI “ENGLISH” #H{Tk5H, JL153] 1668 4t 4h

2.2. DRGE

FIH CiteSpace5.6RS5 X H R OCHRBEAT 700 2% 1 NASCIR B RIS H 255 A Y] (Time Slicing).
4 K (Node Type)~ BI{E%E#F(Selection Criteria) LA & 85 /7 2 (Pruning) . B 18] 4) 7wl H T 43 Fr A [ A 1] B 1)
Bd, T4 TR R AT I IR G R, ASCEE L 1 A — NI R BT 9 s 2R A w]
DL SRl e Y 2 BT 2R 8, AR SCIEHL T Country (B 5K). Author (fE3)+ Institution (HL4)+ Keyword (<5
W) PA K Reference (B 5] CHR)IX 5 A9t BUEE B NEARTRIEIE Ot 7 2 P07, S A e W
Top N, "B FEAEAN A1) F o fe s FO AT N R ECE AT B 702 N U2 g-index, 5€ N “B30H%
B 51 EHER JE ARG RARBE 51 D g 7 IR R KR ST IR gs TRBIES (g + 1)FF (08 SO0 B AR
SIS DT (g + DIFER 7, kR, BRSPS, kB, BHS S RBLR T sk, AT
e WAk i 1A I 0] 32, CiteSpace $2 (it T IAME BT 71k, T2 4% 532 (Pathfinder) Fl 5 /N A2 B (MST)

Table 1. Main parameter settings of network map

=1 MEEEETESHIRE

P 42 Time Slicing (Year) Node Type Selection Criteria Pruning
A AR W 4 B 1 Country g-index (k = 25) MST
1E# M 4 B 1 1 Author Top N (N = 50) MST
W& AR M 45 ] 1 1 Institution Top N (10%) None

IR TR AT 1 Keyword Top N (10%) Pathfinder
pae ] 1 Reference Top N (N =30) Pathfinder
SRR 51 X 1 Reference Top N (N = 30) Pathfinder

3. PPCPs W5t SuiiAt8 5 =8 976
3.1. X EST

i Web of Science [ {151 SCHR 2041, 433 10 45 PPCPs A6 S & R HE ARk 35 (dn 14
1o MW 1 ATLLUR I, PPCPs HF 78408 14 SCHR L 2011 4R 61 RS RIS 3] 2021 51 261 &, K 4.3
%, R R EIUEAR BT, XU S A% PPCPs AU SGE 5 B AL, X5 PPCPs AHICH
R SRR @A,
3.2. ERE1ESHT

1E CiteSpace 4= fE# E K M4 BB (14 2)d, =4 88 ANEIFK AT A, 112 2B EK Z A 1EEZ
TR, RORZE RSO AN F B B ) 58 R ORI R SR T A R E LB R R
PN IR AR RIS TR], LR, I AN B KA MR FE BR8]
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Figure 1. Annual distribution of academic papers in the field
of PPCPs research: 2011~2021
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Figure 2. Map of national cooperation networks in the field of PPCPs research

[& 2. PPCPs IR SUS R E R & 1EME EL

R L R IR AN KRR T AN R R AL, — AR TE R R R
o, BRI EEUBUR[9],  SNIAE B R 45 A SR A o R ORI e B AT DA S I Y 2% X
TEZH LA A M A R B B2 . 52 2 B T R SCE AU BERT 5 ME K. ETE R U R (638 ) LiE R
YU THABE R, HUGREE . WP InERAMARN. o0 RERT 5 M E KOG SR EERIR
B S A,
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Table 2. The top 5 research countries and centrality in the field of PPCPs
% 2. PPCPs UM R ER S D EHRHT 5 L

4 IR X KICE i b I X b
1 CHINA 638 382% SWITZERLAND 0.85
2 USA 296 17.7% BELGIUM 0.49
3 SPAIN 128 7.7% GERMANY 0.48
4 CANDA 82 4.9% ENGLAND 0.46
5 AUSTRALIA 64 3.8% SOUTH KOREA 0.39

FREE PPCPs WAL 10 A AR SCERECRIFHE FRATZ1, B T 1 LA SR g [ 2738 72 1% AU A
Wit R % . Liu % %2 7 PPCPs fE& VLI ARIE, 5REWH, &I HE PPCPs &Ml A71EN,
WPEMNTF 1 ng/L F 500 ng/L LA EARZE[10]; Wang 5 556w [ dL8 mg BE i AL H X (A3 3 MUARTER I
PPCPs JHAT L5 A VAl , WF AL R IABUAE ZORAG I B B2, 295 PPCPs {5 4K —2F, 23082
f) PPCPs K J¥ 5% B &2 REIEMI[11]; Xu 28 S 7 3 A5 % PPCPs W AT ARSI 58k, DL
FOURBBLER, SRR Pt AR 3R 25 e i) AR AT I SR [12]

3.3. SRS

FRPEE 1 H 2 E0 A R HLAL X 2% B (1] 3) R A6 247 N5 AR 334 200828, AT SRR — A0,
P 265 HRRE AN T SRR ER K, AU R R B R 2, R4 Ok, LA Z TR A VR DR R 2 V) [13].
HERT L, R SCERT S IR AR TE R F (125 B REFBREEBL(77 /) InF4EE TR =G2 &)+
RN B R B0 ) FIRIGER (28 ), 700l i BRI 7.5% 4.6% 1.9%. 1.8%F 1.7%, XLEH144
KREME Lo T 2014 4. 2012 ££. 2011 £, 2014 £/ 2013 4. O EERT 5 I 2 B2 H
ERMERL . ERRSE WL RS SRR IPOTNEE TR B2 K%, k] DUE AL R LR 5
O JE 5 K 2 B R e T — B I BRSO Ui e 3.
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Figure 3. The network map of institutional cooperation in the field of PPCPs
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3.4. (EEAES

AT R AT BOCHR I K 2859 frfEE LK 1068 MEERFR, ML N 0.003 (& 4), Wi
M T AT B AR R I B B AR TR, 2005 T5%IVE S R SCERAUN 1. 36 3 5 T & SCERT 20 [
1E%&, PUEHE KRS JIANLONG WANG (FE @)K 3 56 Fi Nt %, Al BN E 22658 1 PPCPs (13 #7177
PAG KA EL]T PPCPs I ZRBREE[14]. B EMBARBE AR HTA F[15] DA S o2 4 I 1R /K I v
PPCPs I [ 16]55 77 1Hi o
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Figure 4. Author cooperation network map in the field of PPCPs
[ 4. PPCPs Gugi{E & & 1EMILE EE

Table 3. Top 20 published papers in the field of PPCPs
7 3. PPCPs $gl & L2 AT 20

4 (= 8% 4 (= KA
1 JIANLONG WANG 56 11 JOCHEN F MUELLER 12
2 GANG YU 29 12 IRENE M CLO 11
3 GUOGUANG LIU 20 13 YOLANDA PICO 11
4 JUN HUANG 18 14 PING CHEN 11
5 BIN WANG 17 15 GUANGGUO YING 11
6 JAY GAN 17 16 LIBING CHU 11
7 SHUBO DENG 14 17 YUJUE WANG 10
8 WENYING LV 14 18 CHANGING YU 10
9 HAIJIN LIU 13 19 QIAN SUI 9
10 SHIZONG WANG 13 20 QIAN SUN 9
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%O B ARAEZ ST KA T AR, AR F 7T U8 ) H AT (A [17]. FEAU M % O AF
Koy HRE A A AT HE 2 (18]

N =0.749x[n___ ey

A, N— R MEERCE, n,,, —— & AEE KR,

RT3 HT, B PPCPs AU A SCR SR — IR A SCHON 56 K, ARA AR NN 5.605, HL
8 6. THTRIECEADT 6 ML OIEEHOE 52 N, OB 5 EE 1.82%, mitkal i, %4
SRR % L AT BB A HEFAAE I F R S A B

4. PPCPs $Tig s IR
4.1. PPCPs szt s

KPR FE SR A 5 R R E AL, R SCER RS, T AR ISCER A SO B A T T, R
KRBT IR, A BT — U e R 42808 . 18] 5 42K A CiteSpace %f PPCPs S ] 5%
AT B R . ARRAERIN KRGS, O EH N 0.7671, SAEN 0.6201, Ui HIA K IR EE K 1]
wHHABE[19].

FREPIEECIREEN 200 0 2 11 %5, L7748 12 MREEES, EBRESOHR, BIPILER
114, fKIKAZ sulfamethoxazole (T HEME) ., activation (35 14:)+ photocatalysis (Jf#4L). drinking water (%X
FH7K)+ adsorption (WZUX)~ estuary (Jiift)~ personal care product (N A7 FE ). sulfamethazine (% — FF %
BE). carbamazepine (K 16°F). photodegradation (J:F# M)A opioids (Fif F2R244). # 4 5 7 2011 4F
~2021 4 H1[E] PPCPs HF 78 AUk = AUURT e o0 L S 3] o 45 R B HA) SRR AN 4 70 PPCPs U8 7T
i FEETIE: O PPCPs & H RIS F ZEHIRAE T LS H S AR B2 md, 35 RO R waste
water (JE7/K). surface water (}177K). drinking water ({X F17K)~ aqueous solution (7K¥ %) LA}z water quality
OKBR). Li SENEHTFC T AR 12 FRA 10 FiL R PPCPs (A LML MBS, 45 SRR WK PPCPs
15 QLA BTG, AR AR S KUK PR [20]. @ PPCPs #ENIRES J5 AL EE J77k, 5 K i <817 45 : removal
(Z=B%)~ degradation (F#fi®). fate (T51i7). exposure (£F&). adsorption (M UX)FT membrane bioreactor (JJE4
Y5 V%) . Bunmahotama %5 A i £ 37 PD-DA HR KT PPCP/EDCs W Bt 21 A S L IR By 771 - Fr) 55
Rk, WK 306 FIRBFIAEI21]. @ HMIAHIHARIEY), W AAISH1E A pharmaceutical ()«
beta blocker (8 SZ1AFHWIZ)). carbamazepine (5 V5F). atenolol (Fi £ % /K)F triclocarban (=% RK¥E).
Conkle 55 & if FoUF M PREASCAE T, DT o WU AR R B LG B AN IR BT, 258 e 7R 51
SEHURIR ) A S5 CIE S AR BT 28 245) M1 55 JE 2 55 (ML AR 15 24) [22]

4.2. PPCPs Stz #adh

DRER] R A DN % G 1] 5 JL B [R) P AR S I I 5, 3l 0 0 SR ] £ 23 B 1T DAAS H R 8 A A1
TR RE, AR TS M e dh . T WOS B OB B iR SRR R L% 5, H
Keywords #7815 mi B, Year o ITidk g B4 Ak (8] P g 5 HE BRI 18], Strength 678 R AE, Begin
FoR 2011 HE~2021 4E 2 (B RIFFUGET (], End Fom S BLLE SR ] o 3 3t BoR HAA AR I M1 15 A K8,
LA X3 R B RAT I I (A B . SRABTAII] [R]85 FEA —, FEA 14, KR 6 . 2011 4~2014 4
PPCPs Uit 7t # mi £ ZAE H7E PPCPs 7EIREEMRAF T A LA Skl T3k, W KW RA8 1A A waste water
contaminant (J&7Ki54#)). sludge (7578)~ groundwater (3t F7K). soil (). gas chromatography ("< #H 1)
PLJ% liquid chromatography (JAH43). Basaglia 558 7£ 2012 FFR TS - BEAHTAE A - SAH A - MS
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TP KEEH ) 21 F PPCPs BRI 7 V53047 1 O0A[23]s Bl E XU AN B2 8, i 7 8 S 24
7E PPCPs TEM ST A PE . FEMEANAEY) B FUEIX = 51, W R IRAZ1E A occurrence (& 42) reproduction
(FF3L), exposure (% #%)LL /% behavior (JR ). Yu Z57E 2016 SR 4R M K i1 PPCPs HU B2 A1 A= 413%
(R e A R il e )i AT MR, AR AR A8 B B A N SR REEAT VAL, S5 R T HORFEEIRAG, JLFAS
T8 U AE () N R R [24 ] IT4EK, BEAE BORM AR 13, 301 a0 50 BoA 0 i 4t
AR IR AWLE I BT IR B8 0 DA RO 5 ) NAR = A2 52, 6 S (P RAR TR risk (ARS). emerging con-
taminant (H7 2475 44¥) sulfamethazine (/1% — FH BEIE) A sulfamethoxazole (fff i FHEME) S, 4 Mojiri &5
£ 2021 FEF F AR AR D IR R FEIMEE 22 Bk =R A1 PPCPs, B4& R B U1 fififi Fmsne Al th 5 22251

3
I « #7 personal care product

= .4 T .
: #11 opioids Ty
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Figure 5. Keyword cluster analysis map in PPCPs field
B 5. PPCPs Ui X AR L A Bl

Table 4. The top 10 keyword frequency and centrality in the PPCPs field
% 4. PPCPs GUg X BRSO S L B HER AT 10

FFe ES ! BR Jrs K] HL i
1 pharmaceutical 610 1 Beta blocker 0.35
2 Waste water 406 2 atenolol 0.29
3 removal 377 3 Sewage treatment plant 0.26
4 degradation 204 4 Water quality 0.23
5 Surface water 203 5 Membrane bioreactor 0.18
6 fate 200 6 carbamazepine 0.17
7 Treatment plant 194 7 Endocrine disrupting compound 0.17
8 Drinking water 168 8 exposure 0.17
9 water 156 9 triclocarban 0.16
10 Aqueous solution 150 10 adsorption 0.16
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Table 5. Keyword burst detection in PPCPs field: 2011~2021
% 5. PPCPs g X IAR L MM : 2011~2021

Keywords Year Strength Begin End 2011~2021
waste water contaminant 2011 5.8322 2012 2016
sludge 2011 2.714 2013 2014
groundwater 2011 3.8897 2014 2015
soil 2011 3.9651 2012 2013
gas chromatography 2011 5.5128 2017 2018
liquid chromatography 2011 5.0599 2012 2013
occurrence 2011 3.3525 2014 2015
reproduction 2011 3.6266 2015 2016
exposure 2011 5.3182 2013 2017
behavior 2011 4.1375 2012 2017
risk 2011 3.0886 2016 2017
emerging contaminant 2011 5.5128 2017 2018
sulfamethazine 2011 3.2135 2017 2018
sulfamethoxazole 2011 4.9619 2018 2021
Carmazepine 2011 4.7312 2017 2021

5. R4S

FIH CiteSpace %f PPCPs Gt T8 CE AT EXEIEST. MEEIESIT. 1EHEEST. KL
B BRI I T A OGRS, A3 A T S

1) 1E2011~2012 4FHAIE], PPCPs B 784U 1 & SC i 5 i 3G KRR AS

2) EZRZ X PPCPs M FAFAE— 2 IEAE, EEE R TEU R R RIEMRR 56 5 2 E 5%
£ PPCPs S R SCE JE T AR AT 51 8/ 3 BRSOV #S 2 kR A TR E

3) MEEG1EM S BIE % RAC, FAEEREESRKIME, T5%MEERCEN 1, ZOIEE I
1.82%.

4) PPCPs U AW 5T #4 i H AT R L T IR KAV LHAERT PR A, S £ R
FUPE AL AR ZS R 7

EHEWmHE

TR AN RSN R R B % & 0 H (ERE AA20161001); [ PERML R H (R AD18121007); J 7
IR 5 3 58 L 2% 5250 A0 (KH2012ZD004) s T 74 s 55 57 458 i 7K S 61 38 1 B J 528k 27 & 1F R 3l |
(002401013001).
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