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Simultaneous Determination of 54 PPCPs in Sediment by
Ultra-high Performance Liquid Chromatography—Tandem
Mass Spectrometry
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(Lianyungang Environmental Monitoring Center of Jiangsu Province, Lianyungang 222001, China)

Abstract: A method was established for the determination of 54 pharmaceuticals and personal care
products (PPCPs) in sediments by ultra-high performance liquid chromatography—tandem mass spec-
trometry (UPLC-MS/MS) coupled with ultrasonic extraction and QuEChERS purification. Samples
were treated with Na,EDTA-Mcllvaine buffer and acetonitrile containing 0. 5% formic acid. Followed
by vortex mixing, ultrasonic extraction and centrifugation, the supernatant was purified by a sorbent
mixture of anhydrous magnesium sulfate, N-propylethylenediamine (PSA), octadecyl bonded silica
gel (C,,) and graphitized carbon black (GCB). Chromatographic separation was achieved on an AC-
QUITY UPLC BEH C,, column(100 mmX2. 1 mm, 1.7 pum) with a mobile phase consisting of metha-
nol and 5 mmol/L. ammonium formate containing 0. 1% formic acid. Mass spectrometric detection was
performed in multiple reaction monitoring (MRM) mode, with quantification using the internal stan-
dard method. The results showed that 54 PPCPs had good linear relationships within their respective
mass concentration ranges, with correlation coefficients (r) ranging from 0.997 9 to 0.999 9. The
limits of detection(LODs) and limits of quantification (LOQs) ranged from 0. 024 to 0. 787 pg/kg and
0.094 to 3. 145 pglkg, respectively. Recoveries of the 54 PPCPs at 2.0, 5.0, and 10 pg/kg
spiked levels were in the range of 74. 5%—114%, and the relative standard deviations (RSDs) for par-
allel groups were in the range of 2. 7%-12%. 11 samples of riverine and coastal sediments were ana-
lyzed using the established method and 4 PPCPs were detected with the contents ranged from 0. 058 to
0. 127 pg/kg. The method is simple, solvent-saving, sensitive, accurate and stable. It is suitable

for the simultaneous determination of PPCPs in sediment.
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1.1 =, MRSiEF
1.1.1 UFEEMB Xevo TQD & & RHAH €8 — H T 1S 1 A (SE 1] Waters 23 1)) 5 1200 HLA5 13 Uk
FEBL (B Buchi 23 7)) 5 Turbo Vap II 4 H 3 & WKAX (€ Caliper 23 w]) ; DT5-2 520 H 3 P4 5.0
(e FE i RIAE R OHLE R 2 F] ) 3 Vortex Genie 2 JRiE IR A 25 (3£ [E Scientific Industries 2y &) ) ; TH-
1200BY K3 Z 88 7 1 DA (55 7 KA A B TG A IR A | ) 5 MS204TS HL T RF (CGEEMERE B —FEF £
) ;5 Genie GSEAKAL (L RE B2 A]) 5 4 JEaP BRI (20~30 H . Fii £ Buchi 24 7]) 5
B iEa (BEAR: 13 mm, fLE2: 0.22 pm, EEF/RAHE]); N-NEL ZHE(PSA, 40~63 pm) . +/\
P BB EE A EIR (Cy, 40~63 wm) . 184k 5 A (GCB, 120~400 H )25 ( b 22 i SE 56 B 454 B
NG
1.1.2 i H| 545 PPCPshnifEnn: 32FMEEKZY (HDs) s 9OFFEEZ (AHDs) ; 5 FhfilFEmkmp 2zl
YI(NIDs); 4 FhUN L9 (AVDs); 3T R 259 (AFDs) ; MM (DEET) . 7 RN bRbrifES:: 55
KA-D;(BEC-D,) . HEi-D,(MT-D,) . FliiL*F-D,(RES-D,) . H#igm-D,(MNZ-D,) . &RIFikE-D
(AMA-D,) . &N Z}E-D,(RMT-D,) . & i%-D,(DEET-D,) . HDs bRifESh A FI D IS/ IE(L 2 1),
HARYLNHEE, Fra bR a0 BB ) 100 me/L, ¥ H Figih] DR & AR A A,
HAtGRF . HEE. OB (oia, EE Fisher AW)); HER(FA, {ifal, EZ54ER); PRk,
R [EEN. 2N ATR AN (Na,EDTA ) . FriERE . Je/K Na,HPO,, Jo7K MgSO, %5 (4 #féli,
ZHEER)
1.2 fRERKAIE H
PPCPs brife it 53 ) FH H BEAG REBC K 1. 0 me/L IR AARE R, BEC-D, F H FEFHRBEIEL I 1. 0 mg/L
BOAd R, A 6 Rl A A B AR R 1. 0 me/L B I FRIE-S 8 T, 98 F-20 COKAR 7. i
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B, D45 3 3 AH ¥ PPCPs 1 & b i i FH W #& FE R 0. 01, 0.02, 0.05, 0.10, 0.20, 0.50, 1.00,
2.00, 5.00, 10.0, 20.0, 50.0. 100 pg/L BUbRifE RANEW , B R VIE) BEC-D, NbrT 2K E K
10 pe/L, HANREIAS ng/L, IR A 0. 19%(EFRSB0) FA 1Y 5 mmol/L B R gV 1 Al HI i L)
0 : 10(RRILIR G .
1.3 HEmAESLIE

FRAPCEACRB # R ELZUVURPIAE T, B TARO) LB, RAERY 1 kg, 0~4 CTFBHZRE
B, BETRHRETENL-55 C. 40 Pa FEEAT TR, BHED | mm @SBRI, #R25), 4 CLUTFRmM.,
Jo. IR

FRE10. 0 g FEGZ 50 mL B0 o, MIA 5 mL Na,EDTA-MclIlvaine ZZ ik (pH 414.0), TWTiEIRT 2
min, JIN 10 mL 0. 5% FA-Z AT, IRHES min, #EEFEEL 15 min, 6 000 r/min 5.0 2 min. ¥ EIE K
NSO mLE OB, I 100 mg To7K MgSO,, 25 mg PSA, 25 mg C,,. 2 mg GCB {WJiEHR & 2 min,
6 000 r/min &5.0> 2 min, B 10 mL EiHW, 7£40 C/KB FAMKE 0.5 mL, M 10 pL BEC-D,brifE i
W S pLEARNRRA AT, HoBRAHERE 1 0mL, i i8R,
1.4 /%K H
1.4.1 BIE&EHF @G ACQUITY UPLC BEH C,(100 mmx2. I mm, 1.7 wm); FshAHA: 0.1%FA
9 5 mmol/L W BRI ; WhAHB: HEE; WM. 0.4 mL/min; JEFER . 5 pl; BREBEN: 0~1 min,
10% B; 1~7 min, 10%~40% B; 7~10 min, 40%~90% B; 10~12 min, 90% B; 12~12.01 min, 90%~10%
B; 12.01~14 min, 10%B
1.4.2 JRigEEH "zg%/)? BT S 80 U5 & IR . 150 °C; IEES R (EST) ;. B IR,
0.86 kV; BiAEFIHLE: 600 °C; BeiaF/HHE: 1000 Lh; HEFLS (RS RE: 50 Lh; H5R:
% 5 N Wi (MRM) F9 458, & H %%E’aﬁmziﬁu% 1R

1 5470 PPCPs B H N FRIGLES 407 S8k

Table 1  Instrument analysis parameters of 54 PPCPs and their internal standards

Retenti P Collisi Internal
Compound CAS etention  Precursor  , uction(mfz) Come/y C Som Imterna
time/min  ion(m/z) energy/eV  standard

32 Hormones

Norgestrel (NG ) 6533-00-2 13. 89 313.
Progesterone (PT) 57-83-0 14.44 315.

91.1, 245.1° 30, 30 50, 18
97.0%, 109.0 98, 98 20, 22

Betamethasone (BET) 378-44-9 14. 34 393.2 147.0, 373.2" 4, 4 30, 8 BEC-D,
9-Fluoroprednisolone (9—FP) 338-95-4 13.07 379.2 341.0, 359.0° 30, 30 10, 10
Cortisone 21-acetate(CA) 50-04-4 13.22 403.2 162. 87, 343.0 30, 30 31, 19
Prednisolone 21-acetate(PA) 52-21-1 13.20 403.2 146.87, 384.9 30, 30 27, 3
Desonide(DSN) 638-94-8 13.32 417.2 147.1, 323.2° 4, 20 30, 10
Methylprednisolone 21-acetate( MP21A) 53-36-1 14.59 417.2 161.1°, 321.2 36, 36 22, 12
Budesonide(BUD) 51333-22-3 13.99 431.2 147.0, 413.1° 20, 20 30, 10
Hydrocortisone 17-butyrate(HB) 13609-67-1 13.82 433.3 120.8, 345.0" 30, 30 27, 11
Betamethasone 21-acetate(BA) 987-24-6 13.51 435.2 309.0, 337.0° 20, 20 10, 10
Flunisolide(FLU) 3385-03-3 13.20 435.2 321.2, 397.1° 30, 30 13, 10
Flurandrenolide(FRD) 1524-88-5 13.37 437.2 91.0%, 105.0 36, 36 60, 46
Hydrocortisone 17-valerate(HV ) 57524-89-7 14. 14 447.3 120.87, 345.2 30, 30 35, 11
Fluocinolone acetonide(FAN) 67-73-2 13.23 453.2 121.0°, 337.2 25, 25 30, 10
Halcinonide(HCN) 3093-35-4 14.24 455.2  104.9%, 237.1 30, 46 43, 24
Loteprednol etabonate(LE) 82034-46-6 14.21 467.2 171.1°, 265.1 30, 20 26, 15
Betamethasone 17-valerate(BV) 2152-44-5 14. 43 477.3 278.8", 354.9 30, 30 15, 7
Diflucortolone valerate (DFV ) 59198-70-8 14.76 479.3 375.3, 459.3° 20, 40 10, 8
Halobetasol propionate (HP) 66852-54-8 14. 12 485.2 121.0, 371.1° 28, 28 30, 12
Diflorasone diacetate(DDA) 33564-31-7 13.81 495.2  299.2, 317.2° 30, 30 14, 12
Fluticasone propionate (FP) 80474-14-2 14.21 501.2 292.9, 313.2° 30, 28 15, 14
Amecinonide (AMC) 51022-69-6 14. 45 503.2 321.0°, 483.3 30, 10 15, 8
Betamethasone dipropionate (BDP) 5593-20-4 14.53 505.3 278.9, 411.3" 30, 10 15, 10
Ciclesonide(CIC) 126544-47-6 16. 23 541.3 147.1, 523.2° 42, 30 36, 10

Methyltestosterone(MT) 58-18-4 13.96 303.2 97.2°, 109.1 20, 20 30, 25 MT-D,
Gestrinone(GN) 16320-04-0 13.62 309.2 115.1, 199.1° 44, 28 72, 34

2
2
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(8:31)

Compound CAS R.etenti(?n Ifrecursor Product ion(m/z) Cone/V Collision  Internal
time/min  ion(m/z) energy/eV  standard
21-Hydroxyprogesterone (HPT) 64-85-7 13. 65 331.2 97.0, 109.0° 35, 35 23, 22
Megestrol acetate(MA ) 595-33-5 14. 41 385.2 267.2, 325.2° 46, 46 16, 14
Medroxyprogesterone acetate (MPA ) 71-58-9 14.25 387.3 123.0", 327.3 30, 30 28, 16
Chlormadinone acetate(CMA) 302-22-7 14.30 405.2 309.3, 345.2° 30, 44 18, 12
Hydroxyprogesterone caproate( HPC) 630-56-8 15.41 429.3 97.0, 313.2° 24, 20 30, 13
9 Hypotensive drugs
Atenolol (ATN) 29122-68-7 3.22 267.2 74.1, 145.1° 20, 40 22, 25 RES-D,
Clonidine(CLD) 4205-90-7 3.98 230.0 44.0°, 69.0 22, 30 24, 20
Captopril (CPT) 62571-86-2 6. 09 218.1 116.0°, 172.1 30, 30 14, 10
Felodipine(FEL) 72509-76-3 12.43 384.1 338.17, 352.1 8, 8 8, 8
Reserpine(RES) 50-55-5 12.97 609. 3 195.1°, 397.2 50, 30 40, 25
Amlodipine(AML) 88150-42-9 13.17 409.2 238.0°, 294.1 20, 20 10, 8
Nitrendipine (NIT) 39562-70-4 13.77 361. 1 315.1, 329.1° 34, 34 12, 12
Nimodipine(NIM) 66085-59-4 13.94 419.2 301.0, 343.1° 12, 12 20, 8
Prazosin(PRZ) 19216-56-9 14. 54 384.2 95.0", 247.0 6, 6 46, 28
5 Nitroimidazoles
Metronidazole hydroxy (MNZ-OH) 4812-40-2 1.97 188. 1 126.0°, 144.0 30, 22 15, 16 MNZ-D,
Dimetridazole-2-hydroxy(DMZ-OH) 936-05-0 2.45 158.1 55.0, 140.0° 30, 30 15, 15
Ronidazole(RNZ) 7681-76-7 2.88 201.1 55.0, 140.0° 25, 25 20, 10
Metronidazole (MNZ) 443-48-1 2.90 172.1 82.0, 128.0° 30, 30 21, 15
Hydroxy ipronidazole (1PZ-OH ) 35175-14-5 5.54 186. 1 122.0, 168.0° 30, 30 18, 13
4 Antiviral drugs
Ribavirin(RBV) 36791-04-5 15. 56 245.1 96.0, 113.0° 30, 30 30, 10 AMA-D
Adamantylamine (AMA ) 768-94-5 6.26 152.1 93.0, 135.0° 30, 30 25, 15
Rimantadine(RMT) 13392-28-4 10. 74 180. 2 81.0, 163.1° 30, 30 22, 11  RMT-D,
Memantine(MEM ) 19982-08-2 11.53 180.2 107.0, 163.1° 30, 30 23, 17
3 Wide-spectrum antibiotics
Thiabendazole (TBZ) 148-79-8 5.73 202.0 131.0, 175.0° 45, 45 30, 25 AMA-D,
Fluconazole(FLC) 86386-73-4 7.32 307. 1 126.9, 238.0° 28, 28 36, 16
Miconazole(MCZ) 22916-47-8 14. 59 415.0 123.0, 158.9" 20, 20 55, 27 RMT-D,
Others
N, N-Diethyl-3-methylbenzamide (DEET) 134-62-3 12.90 192.1 91.0, 119.0° 30, 30 25, 20 DEET-D,
Internal standards
Beclomethasone-D,(BEC-D,) 1263143-48-1 13.17 414.8 396. 1 30 7 -
17-Methyltestosterone=D,(MT-D, ) 96425-03-5 13.96 306.2 112.1 20 25
Reserpine-D,(RES-D,) 84759-11-5 12.95 618.3 204.1 50 40
Metronidazole-D,(MNZ-D,) 83413-09-6 2.90 175.1 131.0 30 15
Adamantanamine-D (AMA-D ) 33830-10-3 6.11 167. 1 150.0 30 15
Rimantadine-D,(RMT-D,) 350818-67-6 10. 69 184.1 167.0 30 11
N, N-Diethyl-3-methylbenzamide-D, 1219799-37-7 12. 85 199.1 98.0 30 25
(DEET-D,)

*: quantitative ion pair

1.5 RERISHEEEH

TR R TR, R, TR SeRase | ROk . PATRERUL IR,
HEURESR A HT | S Eas e, G SR (AR, E BRI G T I iR IR s Bt 2 e
B REH 0. 998 1-0.999 9, AEHLUCHESHIE 1 A IR AL IFRERE, HIXI5i35H-0. 9%~7. 8%; it
VCRESMATHT 1 AN SCI0 5 AT, MU -3, 3%-7. 9%, BN | A FESA A TAE R IIbR . H FReIEI iz
M1 82. 7%~103%.,

2 #R5itE
2.1 BIEZENMRL

FHL T IK-WEECREIAE 1 ). K-ZHEGRSAE I ). 0. 1% FA KIS -FHEECGRSIAH) . 0. 1% FA /K
-0, 1% FA HEZWE (RBEIEIV ) L 0. 1% FA B9 5 mmol/L B EIR I -HEL(JRENMEV ) . 0. 1% FA 1
5 mmol/L B B RS W—0. 1% FA B REES (sl AH V1) 6 Fhift s AH X PPCPs HilE ) 520
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SEIREH, TEWAIAHE | T, K> PPCPs T4 2%, {XDEET, TBZ. RMT A A4 B lgie-1
X FRE I A I CHEBERERE ST B o , A HAHSCH RS T35, SR IF 30 b
FEARAHH NN 0. 1% FA, LIRS IEE TN TR B SRR, HIERBRARNE, JiRd. dumERl
GYMETEEA B2, DEET SR 5 B ETE & 1 20% 245 FEAHUAHP N 0. 1% FA, LI
— I EE TR, (HEGEEN A EE; BETEKMERALR L E F N R, ol o
B3, KR REIETE I X FR, DEET 4 B BRI A PE @ 1T VMRS AL Rl
VHIVE, TEieA AR BRI 2B e, A AUHA IR X T e AR I J0 W 28 ok 38, i
L8 4%0. 1% FA 1 5 mmol/L W R ELIE I - H REVE A ahAH, 5470 PPCPs UETE AN 1 B

1.0 : 4 5.0 ———1.0
. 9-Fp —CA . — DFV —CIC
HDs —DSN —MP21A HDs MT —CN
—BUD HB — NG —HPT
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0.8 —FRD —HV 4.0 HP —DDAF08
—FAN —LE L3 — FP —AMC
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H—PA HCN MPA — CMA
S 067 £ S 301 0.6
B 53 £
£ g £
Z 0.4 S E 204 0.43
F1
0.27 1.0 0.2
/ |
0 A‘A T Ml‘ = T 0 0 T T T / T /\ |/\ 0
115 12.5 13.5 14.5 15.5 16.5 11 12 13 14 15 16 17
t/min t/min
5.0 . L5 3
—OH —MNZ =
AHDs NIDs DMz e AVDs AFDs. AMA — RMT
RNZ ~ —CRT DEET —MEM — DEET
—CLD — ATN —TBZ —FLC
4.0 NIT —FEL 1.2 MCZ —RBV
—PRZ — AML
NIM RES
F2
S 3.0 & 0.9 =
s = 5
= 201 = 0.6 2
F1
1.04 | 0.34 (
I I |
0 AR T T T T ‘ T 0 T |[\ T T L 0
1 4 7 10 13 16 1 4 7 10 13 16
t/min t/min

El1 545 PPCPs(100 /L) 1) 5 2 - o i 1&l
Fig. 1 Total ion chromatograms of 54 PPCPs(100 pg/L)
BET, HCN, PA, BA, HP, DDA, FP, AMC, BDP, PT, MPA, CMA and RBV use the secondary axis

2.2 REFHRML

2B TTE, DU PPCPs B SR BURF A ILIR ) S 2 shim it 2 &, Hob A PLIESHILL
CRE . WEE R, R N B P 45
Al R AR, SO AR IR . LIRS

[ Acetonitrile

0 10% Acetone—acetonitrile
RIS s IR R R k120 R il
BRI S 55, pHIEVIER T A . - 90- %
2.2.1 BHERWGRL WAHET LI 06HE- ¢ )
I, 0.5% FA-Z ST . 0.5% FA-HI i 4 £ | ‘
P LI R SR B, XU AL S bR 10 pe/ke, 30+
HAb R AbB SRR “1.37 (R, B2 2558580, 0

N T T _I = T -
NIDs AVDs  AFDs  DEET

O\ TR R S R B R T B 2 e 3%, W HL ST A e A -
,flﬁmiﬂ% E{/‘] IEI LI&%E EE 68. 3% }I“% 70. 1% ’ ;H\:é%/ﬂ:‘/a\%ig Fiﬂl7§22 Eﬁ?}{ﬁggjjnljfsztﬁfilﬁeﬁii[?)ffz;i) of
HAFRRER T, N E R ST mleR,

PPCPs(n=3)



551 31 ORIEIRAE B el OO 1 — R IR B I 2 DU T 54 Fh PPCPs 35

LL0. 5% FA- B 3R BUAFINY, 54 7 PPCPs 19 [9] Ui OMellvaine(pH 2.0) & Mellvaine(pH 4.0)
Z%_Ai EIE] 68. 3%-~79. 9% j:%}l‘;zi:\:: 77. 7%~102%. Xj‘ Hﬁﬁ?{'ﬂﬁﬂ/‘] Eﬁ 0] B Mecllvaine(pH 7.0) @ Phosphate buffer(pH 4.0)
FER ORI R, KBS YIHE S G TR R T I el R 5 &

I, e 225 el iR i 61. 5% 12 T+ % 85. 8%, I
EIEPEATHLIE A 0. 5% FA-ZJREHI

2.2.2 ZHABRWOMRNL FEEFHE T Mcllvaine ZZ 1K
(pHZM42.0, 4.0, 7.0)FIBEIRERZZ MK (pH k4. 0)4 N | [ :
L i W00 Il ORI 52 o B 3 45 2RAGW], pH 7. 011 e D N

Recovery/%

A\}DS AIlDQ DE.IET
Mellvaine ZE 2 T, PPCPs BYIISCHERFE, 53 8%~ 15 spaigsigint pPCPs IR AR (1=3)
66. 1%, Fﬁ%éﬁmﬂﬁ{ﬁ@?&?ﬂ‘% , I\ q&%ﬁﬁﬁ‘&% o Xf Fig. 3 Effect of buffer solutions on the recoveries of
e A 5] 2 E ) Mcllvaine ZB30, pH 4. O I H U SR 35 PPCPs(n=3)

IF; pH 2. 0B, HUETAZE. GHAEKRIEZE | PEREZG2E | R P o I i 3R W28 TR XF L pH
4. 0 TERRERIA R, Mcllvaine & R T EYICR B, BEE 252505000 DS e 85. 9% #2712 102%,
P IGIE R pH 4. 019 Mcllvaine ZE00, FEMIA Na,EDTA DL R BRUTEW) 4 Jm 10 T4

2.2.3 ZFEAEAMEA 8 R APCE D S IR R T, A E bR, A ) A T
REREHRE ATy, SRS EHRYEL . /g, JFEIZ T X . iR Ba
T B T 10, 15, 20 min 3N AR RIS TR, A5 RFW, 20 min BFAYEIEREFE, Ol
60. 7%~144%, FLU, CA, MT. DEET &7 i) i Zed i 120%, PPN 10 min Byl
W A 63. 5%~109%, BT LU AT 5K s AL F, 15 min B [ R BRSO, D] e 3 A LB 1)
715 min,

2.3 HUEHNRL

2.3.1 GCBHRA=ZHMMK QuEChERSEH HIELAIEFE LK MeSO,. C,. PSAFIGCB ™™, 4L
TEREARAR PR I 7] C AR 5 PSA , ZLBRUURRY b R o AER P SR e 2 e s LU B e A T4
FITE/K MgSO,, FEARKIEPEA TN T, WD AR PE DL s 554, $ i PSA I RBRaE™, GCB Y]
Ehrfa . SIESEA VE S FEARNARNT, WRHHE . JUEYE, TrsEh ., ki <137
SEHT 3 FAAb R 2, XFGCB (0, 1. 2. 5mg) 37 Ttk 45584, NI GCBJG PPCPs ]|
WK BT RS . 2 GCB 1 mghf, £% PPCPs W KA sk 3%, i 2525 W0 nlfie R iy
67. 1%4E T+ 2 72.3%; 2 GCBIGZ 2 mgihf, MIWCRBE—P X, WPTHE IR0 B H 75. 9% b
FF 5 84. 7%, FEEZGREW AR, 94, 1% 102%; 4 GCB 5 mghf, BefRmll =G0 T
R, H77. 7%~102%F% % 65. 6%~83. 5%, PH %+t GCB B H & 42 mg.,

2.3.2 HfpUFAENMA R EN AR 3P R S50k, C M PSA 24371
WE 15, 20, 25, 30, 35 mg SAERE, Jo/KMgSO, B 25, 50, 100, 150, 200 mg 5 MBS, 2503
HH, PPCPs i [l WSC R B B 500 2 34 s 228 THE RS, HEE S S S ER N R TR
DIGH RS DR R A5 1, Ci. PSA. JG7K MgSO, & 432425, 25, 100 mg iy, Ml &gEtE, h
93.6%, 4 C,HEHEE 30 mghf, MICKIEZR 78, 6%; 4 PSA HI B HI % 30 mg iy, M RFER 72, 5%;
1 I 7K MeSO, B % 150 mg I, FIWCRIESR 62. 7%, BINEATIE C,,. PSA. Jo/K MgSO, 1 &4y
Wk25. 25, 100 mg,

2.4 FiktEeRE

2.4.1 ERME EEAEHWRYEEDRY SRR, #9137 TR @ik,
AT AR PR . WILRTAIAEMHE 1. 27 ECHIbRiE ROV, ¥R “1.47 #5500, LLHARI
FrE R AL bR, AR5 I RRE) E T AR O AR IR T 2, AR S 2Rl i il
LRVRITAEL MY (ME) : ME=(A/B-1)x100%, HH1, A, B4l Ut AR . #1463 50 AH L
KHEM 2RI R . 4| ME K20%, FHMEARBZ; 2420%<ME[<50%, B ME 5 24[ME>50%, £
W MEAR %, 4 ME S5 flomnt, 75 R DU AP B HIAR i RO T8 B it . &R, i
FEDURY . WTADUER W b 540 PPCPs 1) ME 4351 4-9. 6%~11. 9%, —6. 3%~12. 6%, |ME|¥)<20%, il
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2 FPCER P ) L RN F AN S, vl SR TGRSR BC bR R VARG T RE ot
2.4.2 ZHXR, HWUERSEE TR KB “1.27 ERIbRERINER, LLEFRYT Bk B ik Ak
br, BAs5NARI) E B 5 FIEH B oA PREE TR RIS, S EbRERR 2R, B2 TR, 545
PPCPs [AH 2% (r)470. 997 9~0. 999 9, &Pk A B I,

F2  S54FhPPCPsZRPETERE . I RE . AR R %L, MR . EE TR . ISR FIAE XS bR i 25

Table 2 Linear ranges, regression equations, correlation coefficients, limits of detection, limits of quantitation,
recoveries and RSDs of 54 PPCPs

Linear range/ Correlation LOD LOQ Recovery/% RSD/%
Compound " Regression equation . i i Added 2.0, 5.0, Added 2.0, 5.0,
(pg L) coefficient(r) /(pg-kg') /(png-kg™) 100 pg ke 10.0 pg-kg!
BET 0.5~100 ¥=0. 057 79x+0. 003 923 0.999 4 0.272 1.088 84.8, 105, 94.1 5.3, 3.9, 6.2
9-FP 1~100 y=0. 123 5x+0. 000 221 4 0.999 6 0.787 3. 145 108, 102, 90.8 4.5, 6.7, 4.8
CA 0. 05~100 y=0. 352 8x+0. 001 134 0.999 6 0. 255 1.017 85.3, 104, 82.3 9.8, 6.6, 4.7
PA 1~100 y=0. 063 83x+0. 000 451 3 0.998 2 0.714 2.855 103, 95.3, 107 8.5, 7.4, 5.5
DSN 0.5~100 ¥=0. 087 34x+0. 003 511 0.998 5 0.240 0. 960 83.4, 82.3, 74.9 3.8, 8.4, 6.3
MP21A 0.5~100 y=0. 438 6x+0. 000 291 6 0.998 8 0.217 0. 867 101, 85.2, 108 4.2, 6.6, 5.4
BUD 0.5~100 y=0. 214 7x+0. 004 133 0.999 6 0.234 0.934 79.6, 97.5, 74.5 8.2, 8.9, 8.9
HB 0.2~100 y=0. 487 4x+0. 003 384 0.999 6 0.111 0. 444 94.3, 103, 96.7 5.1, 5.8, 4.5
BA 1~100 ¥=0. 044 58x+0. 002 473 0.999 6 0. 682 2.728 89.0, 104, 89.5 3.5, 5.8, 4.6
FLU 0.5~100 y=0. 194 7x+0. 003 282 0.999 4 0. 264 1. 056 93.0, 88.9, 96.1 5.7, 12, 5.2
FRD 0.5~100 y=0. 089 37x+0. 003 784 0.998 1 0.322 1.288 95.3, 86.5, 99.7 9.2, 6.4, 5.8
HV 0.5~100 ¥=0. 365 2x+0. 000 270 6 0.998 8 0.243 0.972 108, 95.8, 104 9.2, 5.8, 8.6
FAN 0.5~100 y=0. 164 7x+0. 002 962 0.9980 0.214 0. 853 105, 88.0, 107 4.8, 9.9, 3.4
HCN 0.5~100 ¥=0. 089 37x+0. 004 280 0.999 9 0.259 1.034 83.9, 88.4, 79.3 6.3, 7.6, 4.8
LE 0.5~100 y=0. 223 7x+0. 003 614 0.999 0 0.237 0. 948 92.1, 83.3, 104 5.5, 4.6, 5.4
BV 0.5~100 y=0. 245 8x+0. 001 613 0.999 4 0.278 1.111 85.8, 103, 84.2 5.4, 7.1, 7.1
DFV 1~100 ¥=0. 056 38x+0. 004 852 0.998 6 0.582 2.326 93.3, 104, 113 4.9, 5.4, 6.7
HP 1~100 ¥=0. 063 84x+0. 005 681 0.999 2 0.631 2.522 106, 91.6, 109 7.1, 7.8, 5.8
DDA 0.5~100 y=0. 237 5x+0. 004 603 0.999 0 0. 208 0. 829 79.8, 89.1, 104 3.7, 6.6, 8.5
FP 0.5~100 y=0. 329 5x+0. 004 852 0.998 2 0.172 0. 686 104, 82.0, 92.2 8.1, 7.7, 8.5
AMC 0.5~100 y=0. 265 4x+0. 004 154 0.999 2 0.239 0.955 87.6, 92.3, 109 4.2, 8.9, 5.1
BDP 0. 1~100 y=1.232x+0. 003 294 0.998 6 0.044 0.175 109, 101, 114 9.1, 4.3, 9.0
CIC 0.5~100 y=0. 332 1x+0. 003 422 0.999 6 0.232 0.928 85.1, 83.5, 89.0 8.3, 8.5, 10
MT 0. 05~100 y=0. 164 5x+0. 001 452 0.9990 0.043 0.171 102, 88.9, 78.6 9.3, 8.4, 7.6
GN 0. 05~100 y=0. 244 3x+0. 001 553 0.999 8 0. 045 0. 180 108, 103, 104 7.1, 7.9, 6.8
NG 0.5~100 ¥=0. 033 22x+0. 002 462 0.998 4 0.279 1. 115 90.7, 96.1, 93.7 3.8, 8.7, 8.3
PT 0.5~100 ¥=0. 043 55x+0. 001 481 0.999 9 0.217 0. 867 108, 102, 93.6 6.1, 6.5, 9.4
HPT 0.05~100 y=0. 166 4x+0. 003 752 0.999 6 0.047 0. 188 83.6, 92.5, 109 7.3, 5.4, 9.2
MA 0. 05~100 y=0. 163 5x+0. 001 103 0.999 8 0. 046 0.183 97.0, 87.7, 83.9 9.3, 3.8, 6.7
CMA 1~100 ¥=0. 028 63x+0. 002 844 0.999 8 0.621 2.4383 86.3, 103, 78.7 7.5, 5.9, 5.5
MPA 0. 05~100 y=0. 182 3x+0. 003 523 0.998 2 0.043 0. 169 94.6, 101, 88.6 4.4, 9.3, 5.8
HPC 0. 05~100 y=0. 174 6x+0. 001 031 0.998 6 0. 049 0.194 103, 87.1, 108 9.3, 3.2, 8.9
ATN 0. 05~100 y=0. 422 5x+0. 001 592 0.999 4 0.031 0. 124 101, 81.2, 83.4 7.5, 11, 8.4
CLD 0. 02~100 y=0. 634 4x+0. 002 641 0.999 5 0. 026 0.102 93.8, 104, 108 8.7, 4.2, 4.3
CPT 0.5~100 ¥=0. 056 94x+0. 002 913 0.999 4 0.242 0.967 106, 96.5, 85.5 7.5, 6.5, 6.1
FEL 0. 1~100 y=0. 139 6x+0. 002 502 0.998 9 0.073 0.290 79.5, 103, 78.4 4.2, 10, 7.8
RES 0. 05~100 y=0. 472 3x+0. 002 671 0.998 8 0.044 0.175 109, 102, 103 3.2, 9.6, 4.2
AML 0.5~100 y=0. 124 9x+0. 004 230 0.999 6 0. 205 0. 820 81.2, 102, 108 6.1, 5.4, 8.1
NIT 0. 1~100 y=0. 374 7x+0. 003 533 0.999 6 0.093 0.371 103, 104, 113 9.3, 7.6, 6.1
NIM 0.05~100 y=0. 634 6x+0. 004 954 0.9990 0. 044 0.176 85.0, 101, 108 5.7, 9.8, 4.6
PRZ 0.02~100 y=0. 682 3x+0. 003 853 0.999 8 0.027 0. 105 108, 87.9, 112 4.4, 8.1, 6.1
MNZ-OH  0.5~100 ¥=0. 051 42x+0. 001 561 0.998 4 0.233 0.931 107, 89.7, 102 8.8, 5.7, 2.8
DMZ-OH  0.5~100 y=0. 039 87x+0. 001 972 0.999 2 0. 266 1. 064 105, 81.6, 91.6 5.5, 8.8, 3.3
RNZ 0. 05~100 y=0. 142 4x+0. 001 040 0.999 8 0. 046 0.182 95.6, 85.5, 78.7 7.4, 9.2, 5.5
MNZ 0. 05~100 y=0. 252 4x+0. 002 412 0.999 6 0.052 0. 205 103, 103, 108 7.3, 2.7, 6.4
IPZ-OH 0. 05~100 y=0. 179 4x+0. 002 923 0.9990 0.041 0. 162 81.9, 87.3, 105 5.7, 7.8, 10
RBV 1~100 ¥=0. 002 123x+0. 0009115  0.998 7 0. 662 2. 646 80.5, 103, 79.7 6.5, 7.3, 5.3
AMA 0.05~100  y=0. 125 4x+0. 000 173 4 0.9993 0. 054 0.213 89.2, 81.2, 104 9.5, 7.5, 4.2
MEM 0.01~100 y=0. 227 5x+0. 001 732 0.9979 0.024 0. 094 108, 101, 106 9.5, 9.6, 6.3
RMT 0. 05~100 y=0. 160 6x+0. 001 580 0.999 0 0.042 0. 167 106, 97.5, 92.0 6.8, 3.4, 12
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(5:32)

Linear range/ Correlation LOD LOQ Recovery/% RSD/%
Compound . Regression equation .. o - Added 2.0, 5.0, Added 2.0, 5.0,
(pg'L™) coefficient(r) /(pg-kg") /(ug-kg™) 10.0 pg ke 10. 0 pg-kg!
TBZ 0.02~100 y=0. 601 8x+0. 001 962 0.999 2 0. 035 0.137 94.5, 93.3, 97.1 3.8, 6.5, 8.4
FLC 0. 05~100 y=0. 161 3x+0. 001 673 0.999 4 0. 052 0.207 81.3, 82.6, 106 5.4, 5.7, 9.6
MCZ 0.05~100  y=0. 223 9x+0. 000 994 7 0.998 9 0. 054 0.215 80.7, 84.9, 87.0 5.3, 87, 4.1
DEET 0.02~100  y=0. 633 0x+0. 000 810 5 0.999 6 0.031 0.123 98.9, 101, 103 4.1, 4.8, 4.6

A (RN I o0AT J7 AR e R T H R S ) 5% PPCPs B HBREATINE o 1] 7 AN B PE DTS
FES R N P TR 3 500 PPCPs, AR 7 NSO E 45 50, TR 7% HBR (LOD) 43 0. 024~
0.787 wgkg, T8 THR(LOQ)HA0.094~3. 145 pe/kg. K527 B0k R 5 HAAF 7 A THO A (WL 3)
B CMA B H R v FSCHRARGE A, H AR AP0 RS IR SR T SOk, A i3 ik B o e il
REPE,

3 ATHEEHAR AR BT H

Table 3 Comparison for limits of detection of this study with other literatures

LOD of this method/  LOD of literatures/

Compound (ke (kg™ Method of literatures
BET 0.272 0.47% Ultrasonic extraction(UE), solid phase extraction(SPE) and UPLC-MS/MS
BUD 0.234 0.70%1, 0.51"%" UE, SPE and UPLC-MS/MS
FLU 0.264 0. 57" UE, SPE and UPLC-MS/MS
FAN 0.214 0.3820, 0.29"" UE, SPE and UPLC-MS/MS
FP 0.172 0. 47126727 UE, SPE and UPLC-MS/MS
AMC 0.239 0. 57126727 UE, SPE and UPLC-MS/MS
MT 0.043 501 Pressurized liquid extraction(PLE), gel permeation chromatography(GPC)
purification and LC-MS/MS
0.180! UE, SPE and UPLC-MS/MS
PT 0.217 0. 7! Microwave-assisted extraction(ME), SPE, derivatization procedure and GC-MS
0. 9"/ Accelerated solvent extraction(ASE), GPC purification and GC-MS
MPA 0.043 0. 094" UE, SPE and UPLC-MS/MS
CMA 0. 621 0. 094" UE, SPE and UPLC-MS/MS
HPC 0. 049 0. 0872 UE, SPE and UPLC-MS/MS
DEET 0.031 0. 0457 UE, SPE and UPLC-MS/MS

2.4.3 EBERSEMRERE BIHETBEYERS P23 2.0, 5.0, 10.0 pg/kg) PPCPs, &4
WEEAERECRH TAY, AR 210 AN FES I E 252, 4521 3 4K T B9 IibR I Z 53 3114 79. 5%~109% .,
81.2%~105%. 74.5%~114%, FHXTFRUEMZE(RSD) M54 3. 2%~9. 8%, 2. 7%~12%. 2. 8%~12%, ZJ7i%
HABIF R 5 RSD, EEul5E. gtk
2.5 XFREmOHT

SR AEIE A VR R S R ) O N DU i A T o0 A, ARAE 1. 57 BTt b i E
PRIEFI RS . R 4450 BN, T RREDURW) (S,~S,) LR H 2 B PPCPs, FHANIBLAE S, i, &
BA0. 127 perkg, WRMEGEHIFE S IS, s, &2k 0. 058~0. 092 pe/ke; TIHRTTEW (S~S,) ks
27 PPCPs, BEFIKMEALAES, A, &8 40.108 wakg, BEMIHES> HITE S, M S, HhAEH, S8 A
0.086~0. 104 pg/kg, ARUKKEHIE) PPCPs Fp2i/b | S EAK, WIEE S RAESMZ NI T E X, TR
SN RO B RN AL, 2SR . BEIEHEROR AN, BT ) s T T R KO AR R A A
Z T A P2 B AEIEHETG oA /N, AR WS I 285 SRBEAS S Wt 1 3 2= T 1 Vit DX s Yl i B i AR
H PPCPs IR /K-

F4  SERRUTBUWIRESH R PPCPs RGNS SR

Table 4  Detection results of PPCPs in real sediment samples

Content/(pug-kg™")

Sampling site Location/(E°, N°) MNZ PRZ TBZ DEET
S, 119.4609, 34.9056 —* 0. 058 - -
S, 119.700 4, 34.770 1 0.127 - - -
S, 120.006 5, 34.6337 - 0.092 - -
S 119.6022, 34.941 1 - - - -

IS
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(8:34)
Sampling site Location/(E°, N°) Gt o)

MNZ PRZ TBZ DEET
S; 119.769 1, 34.872 1 - - - -
S, 119.528 9, 34.5022 - - 0.108 -
S, 118.913 7, 34.5062 - - - 0. 104
Sq 119.3267, 34.4419 - - - -
S, 119.2539, 34.1358 - - - 0. 086

*: not detected

2.6 SHAMHREER

AT7E S HA TR R AT AL B S R L AN 38 5 P . AL B ROk, M 2B RE R 158, #ERT
B EFIHEAN, MR RRR IR RIS T AT RAET . B REFEZ NS, FK,
ERIHER . QuEChERS Bk fER . Dty , mEAHABONG R ERE . B2 A2,
ARREDL, R, WM ERE, 07 EN HREE %, DpTER R E =, geich
JEA AR TEASBTAR K LLAM 54 Tl PPCPs AN ATTE L, J7 ik REUE S . MR FE T EE,
AEMG BT AxHD . R . PRSI ITAR Yy b PPCPs BUIS YLIRBL , TT5 Jefidt . XU PPAG S iR L BE i
SEHE S

5 AT S HATT RS R AL

Table 5 Comparison for pretreatment processes of this study with others

Pretreatment process Time consumed/min  Solvent volume/mL Parameter
Extraction UE(this study) <20 <20 Solvent and time
Soxhlet extraction >300 >100 Solvent, time and cycle
PLE/ASE >30 >100 Pressure, temperature, time and cycle
Purification QuEChERS(this study) <20 - Mass of purifying agent
SPE >30 - SPE cartridge, activation solvent, activation time, sampling

rate, elution solvent and so on

3 &

AT EE A AR A A . R EREUS QuEChERS LA G SR, dr 1 R A fa 1 -
R DR T ] B 0 DURR W 54 B PPCPs Y73 BT J7 1 o BT IR BREAESE, s fii R AP, H
REES . TR EIRE S, BRIBIE R SRS TR, A TUARY Hh PPCPs IS I 5 XU PR A
PR T TSN IR A RIIE
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