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Abstract; Pharmaceutical and personal care products (PPCPs) are a general term for a wide range of organic syn-
thetic chemicals such as perfumes, cosmetics, sunscreens, hair dyes, prescription and nonprescription drugs (inclu-
ding human and veterinary drugs). The inherent biological toxicity of chemicals determines their environmental and
health risks while benefiting humans, and PPCPs have become the new emerging pollutant garnered extensive at-
tention of the international community. In the past ten years, the international community has conducted a lot of re-
search on the sources, environmental fate, risks to human health of PPCPs. The production and consumption of
PPCPs in China is huge, and the pollution situation is even more severe. This paper reviewed the domestic and in-
ternational research progress of PPCPs, conducted research on the pollution of PPCPs in China, and proposed the
countermeasures for PPCPs pollution control.
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1 ZZyR A A4 3E A & &/ (Introduction of
pharmaceutical and personal care products)

25 A~ N0 3 H b (pharmaceutical and per-
sonal care products, PPCPs) fz ff- i Daughton #l
Ternes" "7 1999 4F47% HY | Bifi J& PR HE X A\ S 4t B 1 2R
3% AW AE 52 T 52 B S 1, PPCPs 1E A 25 f A A
APt SR S AT P £/

PPCPs t 4% Z Mk =Wy a1 A A A
PR B2 ah (B AR T AR AL T R 2 SR
), AN R R TH AR HURE 24 | I
B 32 AABE A ) | 1 5 70 A0 I R 25 4 DL &
A NGB EARPURA) S R K] R

G4 BAAR 28k 1 pos®,

PPCPs =% & i i V5 /K Ab # T~ (STPs) it A ¥
5 STPs ' PPCPs #EEKZ Ny ng- L' & pg L7,
TR KA FE T2 AN 2R 5 IO A 1 5 e Ak 31
LE 2% PPCPs [ RBRACEA RE 157K 038 ) HE
JiCE K H ) PPCPs 2 XK (4 i J5 2275 4, PPCPs
FEAEAE TR B, 3 A KR A R,
PPCPs 7] GEMK B 2 V5 7K A BT AT 75 1 |, 48
Jaid it V5 R AR R ASREEY ) K4 PPCPs HA
AYTEE R D AT EARBE S T RE SR
M 7K A A P A5 1) I i A i 1 B, e T o B ) B
EPNEi7 9 e

x1 ZYWFNAPERT(PPCPs) SR ETE/RF Y

Table 1 Classification and main representative substances of pharmaceutical and personal care products (PPCPs)"

Classification

TG

Main categories

FEEY

Main representative substances

LR R AL R G R TR RN R R R R R

HoA% , : , ‘ ,
Clarithromycin, erythromycin, sulfamethoxazole, sulfadimethoxine,
Antibiotics
ciprofloxacin, norfloxacin, and chloramphenicol
WME WERR(ET) i — BE(E2) Rkl b L (EE2)
Hormones Estrone (E1), estradiol (E2), and ethinylestradiol (EE2)
1R R T R 2 XRIFIR AGVEIF X LB TEB I LK R

Analgesics and anti-inflammatory drugs

Diclofenac, ibuprofen, acetaminophen, and acetylsalicylic acid

N PO 2 R P 3 HOK
2t Antiepileptic drugs Carbamazepine, primidone
Pharmaceuticals - —
IR 5 I E
Blood lipid regulators Clofibrate, gemfibrozil
B ZAABE i 1) FHCHIR EZREIK
B-blockers Metoprolol, propanolol
HEH Z A R i
Contrast media Diatrizoate, iopromide
AA I 254 S AR ISE NG | PRI M
Cytostatic drugs Ifosfamide, cyclophosphamide
BRI AHEER =g ZERBE
Antimicrobial agents/Disinfectants Triclosan, triclocarban
BB D5 A SR B (HHCB) 40 B (AHTN)
Synthetic musks/Fragrances Galaxolide (HHCB), toxalide (AHTN)
A B EH 9 st 7] N,N-Z 2 -] R i (DEET)
Personal care products Insect repellants N,N-diethyl-m-toluamide (DEET)
By A1 R HEAE PR R S O K PP A
Preservatives Parabens (alkyl-p-hydroxybenzoates)
S 2-2. 30 -4 = SR SR AR TS (BHMC) (4 -0 13- ik (4 MBC)

Sunscreen UV filters

2-ethyl-hexyl-4-trimethoxycinnamate (EHMC), 4-methyl-benzilidine-camphor (4MBC)
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2 FEEZRMALI PPCPs KI5 K EIE ( Re-
search and control on PPCPs of major countries
and organizations)

PPCPs Nz AR 7 W4 2 i A\ 3 SR FR 4507
IR, CHE AR R 5k B, (H A L 3R0K |
K VRHAK SR P R A Y Z2 il PPCPs, A7 4
A DATERREE R S A7 B BT H B HUED ) 245 AR AN
I RS I IR TE R BR R . TERE R LAEN,
FEIFRtt 251 % PPCPs SRR BB A8 o A2 fedt
09 XU S5 04T T R B T
2.1 £H

R S [ [ S PR 8 B 1k S8 (NEPA) RILE |, SE [
£ 5 RZY 7 HLR (FDA) M 1969 45 FF 4 &1 X 24
T EAEE R ITAE . 1998 4F FDA B 254 -4 A
WFFEH L (CDER) & A1 1 24 il 1 73 2 XU TF- Al
WPY, )4 SE PR A4 R (US EPAYETT I K Al
TG AT MR bR o 5 24577 M SR A S KR
B, 20 4l 90 AEARUE 1, US EPA 15 [ i 5T )
FRJRI(USGS) Tt % PPCPs 14 H B S I8 I 4 F %k
A B A 08 7 KU A T 52" S 1999 4F Daugh-
ton Fl Ternes & 3 T %6 — %5 5T PPCPs 1Y ik 4%
WY RS 2000 4EFEAL LA IT T RAHE &I,
FHHA T S UGS SCEN ) 2007 4, US EPA KAi T
(FREEIE N T7 % 1694 i FH HPLC/MS/MS #6 K |
I UURRY AN A W AR b 25 ) RS G B
(Method 1694: Pharmaceuticals and personal care
products in water, soil, sediment, and biosolids by
HPLC/MS/MS), %77 %51 T 70 42 % PPCPs H #r
VAR IL 7

ok ik 2 i W 52 B, PPCPs 7 7E T b /K Al
VR (HSZ 2 A £ S A 2 2 R AR 2
H1 T PPCPs 7E A5G vk FEARAIR, Rtk , 7 2R Y 32
Wi i) BEZ AP Y. H AT, SCTERY PPCPs {5 3¢ [R] 3
TR PUE R PR AN N 73 I R G K L, 2006
4F,US EPA Ji 3 — I 5¢ T 1 2 40 41 PPCPs HYix
FUBIFTE 30 5 [ 4 [ 0 [l 9 B X f 4K ) PPCPs 1Y)
HIRTFERITT . 45 R R W], 76 0 GURE A e ) 3]
17 B 2 RS BB R DG I A o, H
h HUZH V2, HUIIAR 24 B 7 B Ry 3 i, R 2802
YRR N pg-kg™ 9, AR E ]y mg kg 9, Ak
F il Ao 45 R, US EPA 78 “ [ i FNE i T
f(NRSA)” BUNEZE T, 38 3f T Ji 4 15 31 ) P4 ¥ it vh
s 2 2 PPCPs (A 5%, #F— 2 0 b T 6 [

PPCPs 15 YL [4FAEM
2.2 MM

I 24 i 5 B )Ry S N 24 i 2% 51 25 (CHMP) I
24 2 51 2 (CVMP) T 2004 4F & A T (5B H
LIRSS R PP AR 55 B B AR ma )1, R AR — B Bt
T 0 25 S I 25 (VMIPs), A FR i TR FITA i AC T
Br-B 2073 0 DI I 23 (VICH) F b X 1 3 55 1 i
BRI IS T AV AT B AR . R R A D R
7 AT IREE U A < 25— 2 (7 i A), ARl
JT &3 BRI DX 3 H 114 25 58 IR 0], 1) P O fj B T
R b AT R ST B RS ITAG o SR T 1 B0 T
P32 A, B A e = S SOl 0k SE AR, R A
2RO B BB IR

(AR5 KB TEAf F6 R ) T 2006 47 1E 5K
RAT LAE FE S — 0 T N 245 1 B 5% XU 1T
i S, 5 T I RS B R IE R AN e
SRR 24 e R XU 45 BRI | O T 3 A X3 24 )
DS SR F5 FE R T DA 9 3 LA AR
Wit MR T — e R F A I A 43 B BEE RS R
PRAIE T BRI IXURG TEA #1245 ) AR HE S, DA B 24 XU
TCIHEBR A, 75 22 B T A4 4 it . PEAL 3
5319 2 ASBBE B — B BEPEAG S BT R IEURE 25 A R B
etz I TA7 8 PR (action limit) A PAZE 1R PEAY ; 55 —
W Btk O TS5 51 052 1 ) 7 DA I8 R A T 1A
Z BTN 2 DR, A JRYOR TR DAL 3Tk A
BEPE RN R EE AT 00 25 00 XU T, B2 2 5t
TFHEs R S — 2 (5 e B s R T Rk R
i X T ZRRZE B B2 A 40 M T4 %) (SEDCs),
DR H X} PR35 368 o o A XU 9 ml RE MR /N, B AN b AT
IS ARG VAR X F HAh ¥ 7E SEDCs, 24 HAE FIHL
il T BE XS AR B 7 A S ) 7 R AR B BOEAR
2.3 oAb E A E PR

25 R (TGA) S R A AT TAEF @ 1 24
WG, FLEATTIPAGHTE 25 s AT
AT AR 24 i A e e R A 2 5 A, T A 2 i R
KA _E TR, #0F ZAE TGA B M, 32k
2 o BEVEAN 24 S I PR KRS R T A2
ZY(WHO)2011 4E KA CRAIK 245 ) I 48 Tk
FHAK R 258 00 A e B XU T A S < B AR, ik
FHK % B T " |

IEAh,2015 4573 7 Y [ B Ak 27 5 A B R 2555 Y
JR 2 (ICCM4)il o T I 858 15 A PE 24 75 Y& (EP-
PPS)VE Jy 8 24 B RS AN A ] B Ak 2 i 45 3 K s
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(SAICM)HEZR I $2 22 | $2 3 s Xt EPPPS #4715 &,
FAL GG R BB, RS SR T
SERAEE AR BRGNS 631 FhA A 252 (k2 i i H:
AR AEPUAE B U 2 MR R 2555, R 20k
HFHEG K, EPPPS 23X MG FlAE W) 267 A
ENES-Z IS NN R AT v e 1 P E N 1
SAICM Fl g #HOC 5 TEAE il 28 O¢ T IR R A PR 259
1 AR,

3 I E PPCPs A 554K ( Application and
pollution status of PPCPs in China)
3.1 PPCPs Jij 15

PPCPs PR L =AW T5 YL Wi 52 2% , T35
TR E A, 2019 4F (T EN R <E R HEA
FPORIS | A DR B A 7 ORI 24 5 H s> 0038 ) 1
LA, AT EFIEARESFRE TR A F
RIS FLIE AR A3 1) 245 i 24 B I rp s RME AR 43
32 643 N2 P, 2015 4F A2 i B
FLEJR LA T 2015 W E 6 A0k & R4 F) B
SRR RS A Akt i T i JEORME B 8 000 £
Pk

HT, i s i PPCPs = B8 i K2
MR HRERAGELYUSN T ARG E AW
A LR A B, PUER— A
A ITEYE | BAR A K o R (B K i
b ol A L S 3 AR PR BTN T
R MELIA YR AR LA N 430 T 800, T R B
SNz IR AR R IE LR R T A e
Bl 2 N T AL PR KR A
it , oo XE AR W i, S A R A SC I SE R
BH A B A Rk 40 B A 1 A 0 R AR R 8000 S
0.071 F10.023% | — FA SR B Ay | ] J8% 7 R0 2 B9 465 119
AR B R BUBCF)S351 4 3 800,760 i1 5842 5%
BRI A AR 2 I T AR T Y i L R, AT
MBS A WS, & B SRR e

KEANARZ, HEB K™ R KX,
PPCPs A= FIH 9% & B i LA, Pegeit, et
F75% DL BB RE Tk 80% LU b sk fil 18 &
KPikE Z M 90% DL L 8w £ K Puk £ TR
FEP 2013 4F FREM 162 J7 t Btk R, Ho &
FHZ315 52% , \FHZ 05 48% P e W kG Y 36 APt
AR R 9 J7 ¢, K i A F HEM 2= K
A, —4 5 Tt UL P AE R E K £ AR,
AT A ARG AL 250 v 7 i LB &2

ARG A RO A 5 A5 45, ey ) g 5 B 7 4 ) e oy
i o SRR A T R A K Sy A B A R R
B BUE R Z N Tk rp P JRE Aot
AR, 984011, 3 E Ak f 5 i 5 85 B FLR
2010 414 2 045 fZICHEK F] 2017 4E18 3 361 12T,
BAEWRKFE N 9.05% ", b 3% F 4 5 1 Pt &
Ji& , NRAETE KT i 3 e, wh o 2 e AR BE g
2 R RS P B SR A e A A 2R
BET5 Y VB 7 AU 23 R B
3.2 PPCPs 535 4 1E it

PPCPs A3 W Z A k229 B AR B8 HH A [R] ) A6 9
BEPE 0P IREEAE A NS A A TR A L 4y
WM BabE AT R R SRS . RAE
By PPCPs Wk FEARMIG, 3 % A 5 5| e 2tk s 1k,
B4 FEQEAE RS MM, BN AW RS
i AR LA P R AN AT 3 B (R R A

PPCPs (1)K 2t i i e 2% 3k 245 ) B 43 F (e 42 HE
T T KA B R T U T B by R
BHUK = IR SR R i A PRER, HE IR 43 8l H e
il o 25PN ARSI G A BB TE A B
WORRT A, R 43 LA a3 A i T 3K Bl 25 4
FPRWHEATG K R GE sl A5, i At it PEUGR R
PRI AN R0 B AR SR, BRE Ak
HEA Sl 75 7K kb B PPCPs HE il 6 5 B YR 3k
I E A TS K AL B X PPCPs Y 25 R ARAE , Y5
IR 2 R B e R i HL 2 A BRI R R
TR PHE LATE N, 5 B2 B2 W AE 15 7K A B AR X
AR G A W B e TS T R N AR
HHUZ PPCPs JH 2 FHECA B 4 X8, 411, R
2015 AR AR TR TS K HEL 532.2 42 ¢, 150877 A
AbE 230158 J1 %Y, T5 e b B Uy S LU A 4
MR E, BRI TS K PPCPs & & A, (H
KRG e A K, e AR A K & PPCPs 4
T KBEE RS e R SRR AR AR

PPCPs S FRUHEC 3 8075 Y XU i 3, MR35k B
[A] 25 H #i5€ . PPCPs TE TR K £ 398 Hh (1) 43 fift ik
BRI, 5% B I RS HLASE |, 5 BA Wk B A =1 %) PPCPs
FEADERMAN TS MR, A5 RP],2009
AETTIM RIS b, A v 344G HY 7 IO PR 2R 28 A
KPR 2011 AFA TR T5 K AR T K 5 e H
o AR SR BT A R N B Y BB AR 3R RN S [
Gh, BAIESEIA A JLFf PPCPs 1645 FhIA B A & Al 3
WA NI et o FRE M BRIV = A Y
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HbAFAT K A A T AR B R 7R B YRR R
AR R PP R A 1 | PR T 25 ) = S A A
SR L Rk TR AU T B W 45 PPCPs e it
HAREAR g RIS A 7 A (81 B2 1 42 24 413 %
SFFIKABIR LA K SR 25 0 AR A5 T IR

4 FKEEFEEMEEEEEITRED (Major prob-
lems in China and countermeasures)

FHE H 20 28 90 4EXFF LR FFT PPCPs 7E 4%
TR B 0 DL K H I 7 A A I B R A XU
US EPA F 2003 4F & JF & T — £ 41 PPCPs [ 3 5%
WA TAE , B b5 0 SRR X
WARGEH) TN BN 24 i 5 7 AR FH 24 4 XU
WAG TP E 51 A T 25 5 R B XU PE Al R E A
PPCPs P35 W 0 0 XS 1Ak 25 45 dak At R 5 55,
15 YBIRTE R IR
4.1 FEER EZ )

(1)PPCPs 15 QL K FOAR W . T E X PPCPs 15 4L
[P G T BE AN, H AR HLAS FT J T A BR 9 35
B W FIBFSY , 56T PPCPs HEL  BRES i T 8 5%
AR 5 fat B U S5 45 4 {7 B ™ Bk =, L H R
ZRU R IR ML XK U %5 4 55 /b Bifi %5 PPCPs 7£ 2
e R AN T SRR, — ELT el A p R A, R
15 Y RBORTE RS AN B 25346 B B S
FE,

(2)fit = PPCPs AH OGP EE Wil 2 R HLYE, 28
[ 3L T T KR T 2007 4F & 75 T PPCPs L K JS [
BRI AR K 3 R AN TS Je H BRI 3, O
Rl SL T J AH OC Wi T4, R E PPCPs £ ¥ 58 i1y
B VAR FEE BRGSO P 5K, T B8 — R A oA
D734 ARME R G R W T A, R85 Wl 5. 71 A1
WA K S35k B4R, X PPCPs 75 G ) i) R85 4 1 it
EN ISR

(3)%F PPCPs HYWLE PR KU e = TA T, 75 Y4 i
FERARMBOR W WA WA 5, BT, FE X PPCPs
A PS8 i R RIS e = PEAS FIIA N, & & A 80 £
Ty Y W HE bR o v ¥ JC &R X PPCPs 28°F R A &
15 G 0 HETICRR AR, 5 7K HE B A vt K BR il PPCPs
B EE Bl & . i T4 PPCPs 75 Y ) 0 4% {4 Bl =
By &N, & E £ PPCPs 1T R AL 58 15 e
il A A PRIBCR I S At e 2 1
4.2 XPREEI

(1)) Sl 3L 7R X 3 8 3 A0 3 i, A R
PV TR ] i 780 X3 R 9t 38k 174 S B PPCPs 289 ot T

AEIRDL , AIFGE ST A S W B AR R, BE PR VLR Ui
T S X ISR A T KAk LN H AR R ZROK A
KR b, T R Ml 2R AKORT RS 6 | A 38 A R oK rh
PPCPs 75 4L 5

(2)/nsi PPCPs A 5 A 3 W) oz 1) i 128 70 XU 1
i, WFFR AR 7= Al PPCPs T JRA F 4 E W) IR
(TR RIFSE , R G BF5Y PPCPs 1Y 75 B 24 5000 , 4045
XERE L BRI LANEE N 28 MR O HOZ K A4 A4 )
PR A B PETEIESE ARV LR S E R e B A
SO 2 5 R A AN XU EA , BIF 5 i 06 2 1 AL
Bl ittt , 57 PPCPs b Ti7 Fif A% 38 355 XU 21l il
JE  As R A R A AR B R R 0 A
PI(PBT 259 i) LA Je 800 | 058 48 FA A e 5 1
A2 BT (CMR 264 J50) B As I A T, D3k By
1R HHE AR

()5 PPCPs i 7% F 4k Joi5 e il o€ . JF
Ji& PPCPs 7E /K& | 3 Fil A= Wik 22 6] () 12 7% | i1k
SESERRAFSE , T PPCPs B HAC =4 i) R 55 55017
5T, DA KA HL T & 8 25 3 0 1 A, F
FE5855% PPCPs 15 7K HF 75 8 A0 15 Ue A 1 BR B A
HE PRSI TS K b PR RN B 8 SR 3 R K Ak 3
H1 PPCPs KBREAR M A T

EIRAEE B . B 5 (1980—), &, M4, G R LA2IF, £ 247
RF GQAF BRI EEHFEA LA GLP FRE B ESF,

£ 2 3Lk ( References) :

[1] Daughton C G, Ternes T A. Pharmaceuticals and personal
care products in the environment: Agents of subtle
change? [J]. Environmental Health Perspectives, 1999,
107(6): 907-938

[2] LiulJ, Wong M H. Pharmaceuticals and personal care
products (PPCPs): A review on environmental contamina-
tion in China [J]. Environment International, 2013, 182(1):
208-224

[3]1 3K, SK2EIR, UL, 45 0% SR 2 K A 32 F
PPCPs W) 75 Y /K- 3 AR AE B KU A [0, 3
R, 2017, 38(1): 162-169
Zhang Q, Zhang S H, Wang Z, et al. Pollution level, dis-
tribution characteristics and risk assessment of 32 PPCPs
in surface water of Luomahu Lake [J]. Environmental Sci-
ence, 2017, 38(1): 162-169 (in Chinese)

SRR AT R ] T AHF5E, 2009, 38(2): 237-
240



26 A5 #F O ¥ 15 8
LiuY P, Zhu LY, Li J G. Research process of pharmaceu- Washington DC: United States Environmental Protection
tical and personal care products on ecological and human Agency, 2007
health [J]. Journal of Hygiene Research, 2009, 38(2): 237- [14] United States Environmental Protection Agency. Contami-
240 (in Chinese) nants of emerging concern (CECs) in fish: Pharmaceuti-

[5] Kolpin D W, Furlong E T, Meyer M T, et al. Pharmaceu- cals and personal care products (PPCPs) [R]. Washington
ticals, hormones, and other organic wastewater contami- DC: United States Environmental Protection Agency,
nants in U.S. streams, 1999—2000: A National Recon- 2013
naissance [J]. Environmental Science and Technology, [15] European Agency for the Evaluation of Medicinal Prod-
2002, 36(6): 1202-1211 ucts. Guideline on environmental impact assessment for

[6] Ramirez A J, Brain R A, Usenko S, et al. Occurrence of veterinary medicinal products phase I[. CVMP/VICH/
pharmaceuticals and personal care products (PPCPs) in 790/03-FINAL [R]. London: Committee for Medicinal
fish tissues: Results of a national pilot study in the United Products for Veterinary Use, 2004
States [J]. Environmental Toxicology and Chemistry, [16] European Medicines Agency. Guideline on the environ-
2009, 28: 2587-2597 mental risk assessment of medicinal products for human

[7]1 Monteiro S C, Boxall A B A. Factors affecting the degra- use. EMEA/CHMP/SWP/4447/00 corr 1 [R]. London:
dation of pharmaceuticals in agricultural soils [J]. Envi- Committee for Medicinal Products for Human Use, 2006
ronmental Toxicology & Chemistry, 2009, 28(12): 2546~ [17] Australia Department of Health. CTD Module 1 Adminis-
2554 trative information and prescribing information for Aus-

[8] United States Food & Drug Administration. Code of Fed- tralia [R]. Canberra: Therapeutic Goods Administration,
eral Regulations Title 21, Part 25 Environmental Impact 2018
Considerations [EB/OL]. (2019-04-01) [2019-10-30]. ht- [18] World Health Organization. Pharmaceuticals in drinking
tp://www. accessdata. fda. gov/scripts/cdrh/cfdocs/cfefr/ water [R]. Geneva: World Health Organization, 2011
CFRSearch.cfm? CFRPart=25 [19] United Nations Environment Programme. Environmental-

[9] Center for Drug Evaluation and Research. Guidance for ly persistent pharmaceutical pollutants [EB/OL]. (2018-
industry-environmental assessment of human drug and bi- 01-01) [2019-10-30]. http://www. saicm. org/Implementa-
ologics applications [R]. Washington DC: United States tion/EmergingPolicylssues/PharmaceuticalPollutants/tabid/
Food & Drug Administration, 1998 5477/language/en-US/Default.aspx

[10] United States Environmental Protection Agency. Effluent [20] e AN RILAIEEZREFRER. BRERR A8
guidelines—Pharmaceutical manufacturing effluent guid- PEAE SRR C T EN R ( E R I A EIF IR T 4547
ance documents [R]. Washington DC: United States Envi- G A B PR RS 24 0 H ) 1938 1 [EB/OL]. (2019-08-20)
ronmental Protection Agency, 1998 [2019-10-30]. http://www.nhsa. gov. cn/art/2019/8/20/art _

[11] s, K, RE, & A T2 A A 37 1666.html
PP 1 Y TE XURS: B 5T 0 R [0]. PR BT 4 5 B A, [21] A4 Je. #A PPCPs 7ET5 7K AL 3R ) th YIRS e AL A
2009, 31(2): 77-80 WF5E[D]. Lifg: ALK, 2014: 3-6
Dai C M, Zhou X F, Zhang Y L, et al. Research advance- Hu J L. Occurrence and removal of typical pharmaceuti-
ments in potential risk of PPCPs of environmental media cals and personal care products (PPCPS) in a wastewater
[J]. Environmental Pollution and Control, 2009, 31(2): 77- treatment plant [D]. Shanghai: Donghua University, 2014:
80 (in Chinese) 3-6 (in Chinese)

[12] ®HAEE, FH8, 30960, 25 5 RS A3 B 5 (PPCPs) X [22] Khetan S K, Collins T J. Human pharmaceuticals in the a-
B A5 Ye PR SR 5T R (7], A2 S35, 2005, 14(6): quatic environment: A challenge to Green Chemistry [J].
947-952 Chemical Reviews, 2006, 107: 2319-2364
Hu H Y, Wang C, Guo M T. The present status of envi- 23] %, R 2. 255 A AN BEH 5 (PPCPs) 1175 Y >k

(13]

ronmental pollution by pharmaceuticals and personal care
products (PPCPs) [J]. Ecology and Environment, 2005, 14
(6): 947-952 (in Chinese)

United States Environmental Protection Agency. Method
1694: Pharmaceuticals and personal care products in wa-
ter, soil, sediment, and biosolids by HPLC/MS/MS [R].

TH B B e A AR (7], RS 2R 4R, 2009, 28(9):
1878-1890

An J, Zhou Q X. Pollution sources, environmental resi-
dues, and ecological toxicity of pharmaceuticals and per-
sonal care products (PPCPs): A review [J]. Chinese Jour-
nal of Ecology, 2009, 28(9): 1878-1890 (in Chinese)



43 4

XA < o R 2 RS A AP S ot T B IR B AR SR AL 27

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

FHLTE, AR, DR, GF. B MUB A I TR R
5T B BRI TS g )RR D). 4k
SEEE, 2017, 29(9): 1082-1092

Gao Y P, Li G Y, Ma S T, et al. Research progress and
challenge of synthetic musks: From personal care, envi-
ronment pollution to human health [J]. Progress in Chem-
istry, 2017, 29(9): 1082-1092 (in Chinese)
Artola-Garicano E, Borkent I, Damen K, et al. Sorption
kinetics and microbial biodegradation activity of hydro-
phobic chemicals in sewage sludge: Model and measure-
ments based on free concentrations [J]. Environmental
Science and Technology, 2003, 37(1): 116-122

Rimkus G, Rimkus B, Wolf M. Nitro musks in human ad-
ipose tissue and breast milk [J]. Chemosphere, 1994, 28
(2): 421-432

Sanderson H, Dyer S D, Price B B, et al. Occurrence and
weight-of-evidence risk assessment of alkyl sulfates, alkyl
ethoxysulfates, and linear alkylbenzene sulfonates (LAS)
in river water and sediments [J]. Science of the Total En-
vironment, 2006, 368(2): 695-712
BRSNS X g i R R B AR K
W BT R IFFE (D). MEFIIE R 52T R4, 2010: 2
Sarenqiqige. Study on detection of streptomycin residue
and adsorption behavior on soil of Inner Mongolia pasto-
ral [D]. Hohhot: Inner Mongolia University, 2010: 2 (in
Chinese)

JEEm. T RIEF O A 7 v R BT A 2R 0 e 1)
WUT]. 7744, 2017(1): 1-5

ROGHE. HESUA: RS Rk e [CY T E 2
T2t 30 JE o E AR AR S M E AR N e
PRl E. Ki%E: h kA2, 2016: 1

R B S A OB ] H S Tk, 2016,
46(9): 530-538

Zhou J. Synthetic musk in daily chemicals [J]. China Sur-
factant Detergent & Cosmetics, 2016, 46(9): 530-538 (in
Chinese)

BRI 2018 4EH [E Aot it AT ks AT S AL 4 Hr (9], H
FAAL2A L RRE, 2019, 42(9): 1-5

Zhao Y J. Analysis on the operation of China cosmetic in-

[33]

(35]

(36]

(37]

(38]

(39]

dustry in 2018 [J]. Detergent & Cosmetics, 2019, 42(9):
1-5 (in Chinese)

Kang X, Bhandari A, Das K, et al. Occurrence and fate of
pharmaceuticals and personal care products (PPCPs) in
biosolids [J]. Journal of Environment Quality, 2005, 34
(1): 91-104

i AR LR B A 2 R . b [ PR BE e 0 AR R
(2015)[EB/OL]. (2017-02-23) [2020-10-30]. http://www.
mee. gov. cn/gzfw _ 13107/hjtj/hjtjnb/201702/P02017022-
3595802837498 .pdf

XA, B, 74 ST TS Je i 1 st ) Y B KB
SO MBS R[], #2741, 2018, 8(6): 21-27

Liu X Y, Zhao Y Z, Leng P S. Land use of municipal
sludge and its environmental impacts: Research progress
[J]. Journal of Agriculture, 2018, 8(6): 21-27 (in Chinese)
RE A, PRIGETHE, SR JE, 45, lriiis ve & AR AT 5T
R IR, 2016(3): 228-229

Xiong Y W, Lin X Y, Gong Y L, et al. Research advance
on safe utilization of municipal sewage sludge as agricul-
tural resource [J]. Modern Agricultural Science and Tech-
nology, 2016(3): 228-229 (in Chinese)

ARG, BEMINE, X8, A5, 3 Hh A 398 v i e 2 D 3R
EEPA R TE PRI 5 [J]. BT RF 2, 2009, 30(6):
1762-1766

Li Y W, Mo C H, Zhao N, et al. Investigation of sulfona-
mides and tetracyclines antibiotics in soil from various
vegetable fields [J]. Environmental Science, 2009, 30(6):
1762-1766 (in Chinese)

20, £, BT, &5 KRS A TS
BB HTIT IR )], AR ARG, 2011, 302): 395-400
Tian Y X, Wang M E, Chen W P, et al. Analytical meth-
ods for synthetic musk in wastewater and sewage sludge
[J]. Chinese Journal of Ecology, 2011, 30(2): 395-400 (in
Chinese)

Peng X Z, Yu Y Y, Tang C M, et al. Occurrence of ster-
oid estrogens, endocrine-disrupting phenols, and acid
pharmaceutical residues in urban riverine water of the
Pearl River Delta, South China [J]. Science of the Total
Environment, 2008, 397(1-3): 158-166 L 2



