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FEE . DU bz B [E R (CSs) IR B4 A X R 98 AR B8 2240 B v i IR IR RN RS54 7o B 3 3L,
SR B AT T 7T 32 B4 P e KR H R B TR A A2 |, o 35 5 T A R A B BABE AR 5 P CSs 92 B e T 5
51534 BRIR G = £ %M R G, B BARYI A RETE 35 R 2 80H WH /£ CSs, AR R ML T FE S Al
SR BRATFRFNLES 3T R 500 24 Fl CSs I HER R R AL 1Y 454, B ST 1 2R P 75 I8k B8 IR 5 11 AR 2 LA A %
E S HEA TR AL B ) FFL 6 1o RO €233 - R 166 BT ( UPLC-MS/MS ) [R1 B 52 IO RR M 24 R CSs B4 BT 7 i, TTUAR
WL R T MBS B 2.0 g BES SR BN ER (1:1, v/v) #7425, HLB A B 5 4 4k, LC-NH, /)
e, Il E 2, HARYZ Agilent ZORBAX Eclipse Plus C, Sz A (4 (100 mmx2. 1 mm, 1.8 um) 4%
B 30 C L, HEFERL S WL, LHEFN 0. 1% (v/v) LIRKE AR A i s AH SEA TR B VR B0, 73 0. 3 mL/min, 7EHL
W% IF B A0 (EST ) R H 2l 25 2 /v ( DMRM ) #8485 2 Wil (SIM) 7 20l 24 F BARL &, AR E i,
2RI 24 Ff CSs MK H R (LOD, S/N=3) flE R (LOQ, S/N=10) 4514 0. 14~1.25 png/kg F10. 26~
2.26 pg/kg, TAEMZAE 1. 0~ 100 ng/L BN A RIFHLIECR (R >0.995) . 7£5.20,50 pg/kg AYEEFmAR
KT, 24 Fit CSs M F3 ML 64. 9% ~ 125. 1% AHXTFRHE 224 0. 4% ~ 12. 6% (n=5) , MAZITEMNET 3
BYERIT =M DU, g 11 A EAR s Sy 1.25~29.38 pg/kg, T RO R, R
AL TG R AER DU h 2R ARG B CSs BRI,

SR L B I B 5 AR A T 5 0 1o RO €0 3% - HR R TS 5 Je o 2K o i 3% 5 AR

hE 550658 XEKFRIAAD A L E S 1000-8713(2022)02-0165-10

Abstract: Corticosteroids ( CSs) are widely used to treat various inflammatory and immune

diseases in humans and animals, such as arthritis and lupus. Thus far, CSs have been
frequently detected in diverse pollution sources, such as in the influent and effluent of tradition-
al wastewater treatment plants, livestock farms, and aquaculture. Owing to incomplete removal
or limited treatment, CSs can enter the water environment and eventually be adsorbed in the
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sediment. Due to hydrodynamic effects, CSs can re-enter the surface water through the resus-
pension of sediments, and pose a hazard to the ecosystem and human health via the enrichment
of aquatic organisms and transmission through the food chain. Therefore, trace analysis of CSs
in sediments is significant for exploring their prevalence and behavior in multiple environments.
However, existing research mainly focuses on the determination of glucocorticoids in water
samples, and studies on the systematic quantitative analysis of CSs in environmental solid sam-
ples with more complex matrices are scarce. Moreover, majority of previous investigations
focused on a limited number of glucocorticoids, making it important to widen the range of tar-
get compounds to be studied, including mineralocorticoids.

In this study, the main factors which could influence the accuracy and sensitivity in the
determination of 24 target CSs were systematically optimized in the sample pretreatment and
instrument analysis. A novel method based on ultrasonic extraction coupled with solid phase
extraction (SPE) for sample pretreatment was developed for the simultaneous determination of
the 24 CSs in sediments using ultra-performance liquid chromatography-tandem mass spectrom-
etry (UPLC-MS/MS). The sediment sample was ground to homogenize the particle sizes after
freeze-drying. The analytes from 2.0 g of the sample were ultrasonicated and extracted with
methanol-acetone (1:1, v/v). After concentrating and diluting each extract, SPE was per-
formed. The water sample was extracted and purified using hydrophile-lipophile balance ( HLB)
cartridges, following which the extract was further purified with LC-NH, cartridges. The
extracts were concentrated using a rotary evaporator, dried under a gentle stream of nitrogen,
and re-dissolved in methanol for instrumental analysis. Chromatographic separation was con-
ducted on an Agilent ZORBAX Eclipse Plus C; column (100 mmx2. 1 mm, 1.8 pm) , with a col-
umn flow rate of 0. 3 mL/min and a gradient of mobile phases A ( water with 0. 1% acetic acid)
and B (acetonitrile). The column temperature was set to 30 C and the injection volume was
fixed at 5 pL. Electrospray ionization MS in the dynamic multiple reaction monitoring ( DMRM )
and selected ion monitoring (SIM) modes were performed in the positive mode for the qualita-
tive and quantitative analysis of the target compounds. Quantitation of the target compounds
was carried out using the internal standard method. The effects of different extraction solvents,
purification conditions, and MS conditions on the recoveries of the target compounds were
investigated. The limits of detection (LODs) (S/N=3) and limits of quantification ( LOQs)
(S/N=10) of all 24 compounds were in the ranges of 0. 14—-1. 25 png/kg and 0. 26-2. 26 ng/kg,
respectively. The correlation coefficients of linear calibration curves were higher than 0. 995 in
the range of 1. 0-100 wg/L. The recoveries of the 24 CSs at 5, 20, and 50 pg/kg spiked levels
ranged from 64. 9% to 125. 1% with relative standard deviations of 0.4%-12.6% (n=5). The
developed method was applied to analyze the CSs in three sediment samples from the rivers of
the Pearl River Delta. In all, 11 target compounds were detected in these samples, with con-
tents in the range of 1. 25-29. 38 wg/kg. The characteristic of this method is efficient, sensitive,
reliable, and suitable for the trace determination of varieties of natural and synthesized CSs in
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environmental sediments.

Key words: ultrasonic extraction; solid phase extraction ( SPE); ultra performance liquid
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Rz o 2 [& B 3 & ( corticosteroids, CSs) J&—
i AR T A R E I E LSS5 T A
M A EaEsh . N T A CSs 2
291z N T RIE R IRYT Y E K
W AT A8 3 SO R S 71 F B IR B 5
CSs Al A S i HEME 15 K AR BRI A 52
A FRHERL , I Fe ik A FIRK A B o, AR 5T
R ZFP CSs il A7 76 T FRBE Kb W] fig 2% K
R G AR R T A A WL e ) —
K, CSs Al 38 1k 0 f A FH B 2 T A 2 kL b I Bl 2
T, AU BRI, & % TUURY s Wal 7E K
Bl o HA R AL 25 8 AR fb IR FE 8T R B K A4, I
AW E R YRR E e E AR RS
NG AEFE™ 24 M1k, T B CSs 15 4
ARAOIF T 3 B4 v 7 K TG K Ab B |10
T T HAEDTRRY) 55 R SR E AR A 5T A IR A7 bR 2 )
ety HaE "

Mo CSs 5k B K P A (ng/L & ng/L
) UTR A b 55 o 20 B AR 24, G Ak B A
i, B TR CSs 195% B o #r kA -+
SABR, A CSs 7E RIRIAEE i & it K F T5 g
BRI MR AR %2805 Ye W) IR BE s R 1k
FATABPAPIRNE R AR, X 252 6 T DA G
(A 5 e T B/ 6 5 o A % ) B B A o
1 CSs £ 5% B R B 43 W7 J7 . Zhang 251 05
TN BT BTG K 3 FloRE R MR, R
T2 5 1 IR B, K b PR o PR &, HL 5B
RS R REAG I H AR ; Liu %) Il Chen 451
SR T KRR P TR 4~ 5 Rl e IR R
1A Bz o B A . B8R 2 R0 Liu %Y MR
450 Fan %17 Weizel 451 R T UL A5 6
HR ST o 28 1 P 8 38 1 W, Rl CSs T 5 1% 385y
By i 2 S X PE R R gtk i H BRI AL
5~12 FIBE R BTER , AR ¥ BER B iR, A
BERE 5 R 2w ULH Y CSs, K3 i it AR B
R L7/ ORI D ol S v | A S VA% 3 DO K 52 13
JE—E il REWTTRY T CSs 25k B IR &7
Moy ids, 0 HL N FH B S BR Ay PR 5T Wil o, R 5 R 58
HuAfF 5T CSs 78 P85 22 A1 iz v (1) A IR 0 AR e 47

R BER AR DR

B X L B A AR SR DR, AR IR ST AE K
REIMT O EE 0 A b R — 25 SR R 7 D 4 B 4
B & [ FHAEHL ( SPE ) A XA S 217 A b 2R, I
X B OB TT R R TR B v A A AV L o 4 5 F B X
Jo e S5 A AT LAk, A 5 e oL AL 2 T A2 1
e AHENT T — &I R 0O A 63 BRI
(UPLC-MS/MS) [A] B Kzl LA v 24 Fh CSs 13E
AT T T ERTTUUEMWI Y CSs TIAE .

1 LIEEH

1.1 &K F SR

1260 Infinity-6460 QQQ # = K AH (418 - — 1
DU FF 5 1% B &R 48 (UPLC-MS/MS, Agilent 2%
7)) M Agilent MassHunter & &= 43 M1 A4 ; Auto-
trace280 4= H 3 [& AH 2 Y ( 3¢ [ Thermo A ) ;
Rotavapor R-120 Jie#% 75 &A% ( Fi+ BUCHI A ] ) 5
EFAA-DCI12 EMAYL ( L% 4% A Wl ) 3 Oasis HLB
SPE #£ (500 mg, 6 mL, Waters /A ] ) ; Silica SPE
#£ (500 mg, 6 mL, Waters /3 #]) ; LC-NH, SPE #E
(500 mg, 3 mL, Supelco AH]) .,

24 T CSs pRuERESL (W3R 1) ¥l [ SE1H Sig-
ma-Aldrich 23], 40 B 2K F 98%; 5 B[R] £ 3R B
FRAIRAE S . S A FT B FA-a4 | Hb ZER -4 | il & 4%
-PC3 Ak A3 f5-d8 | N R U R AA-dS X |3 Jm
Z K Toronto Research Chemicals 7\ ] , 4fi i ¥4k
T 95% ; Wl LR LW N SR (HPLC 9%, 75 [
CNW 23 ] ) 5 5256 /K 24 hy i 4k (LB A6 18. 25
MQ - cm),

SEBRAE O ER VL = A P i RS2 TR
1.2 FRAERRBIE

T STARIBGE St A v it P 7R I ) o o e i R
100 mg/L (Y BAbRAf AW, WU B4 25 ] P e
P BEEC i A 10 mg/L 1Y 24 Fi B br ¥ IR A bR iR
WA 10 mg/L 9 5 A IEA 2 B AR B AR HEVE T
SR BEZ R B R BRI 1.0~ 100 pg/L
(RSN B PRE AR o3 BUE 51 5 Fh e AL R
BB S PR ER R B 1 mg/L 1 N AR TAEMR
. PR RCE T VKA -20 THROLGAE
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Table 1 Mass spectrometric parameters for the 24 target compounds
No. Compound Retention time/min Monitoring ion pair (m/z) Fragmentor/V Collision energy/eV
1 triamcinolone 2.61 395.2/375.1* 140 4
(2 p9JE) 395.2/225.1 12
2 aldosterone 4.51 361.0/315.0 70 8
(T [ ) 361.0/343.0* 4
3 prednisolone 5.73 361.2/343.2" 70 4
(e ik) 361.2/147.1 24
4 cortisol 6.11 363.2/327.2 95 12
(B JsmE) 363.2/121.0 120 27
5 prednisone 6.19 359.2/171.0 95 36
(e 359.2/147.0* 32
6 cortisone 6.76 361.2/163.1° 150 12
(AT RIHL ) 361.2/121.0 4
7 methylprednisolone 10.23 375.2/357.1" 110 6
(WEERJERTE) 375.2/161.1 20
8 betamethasone 11.13 393.2/373.2" 75 0
(FEAERAR ) 393.2/355.2 8
9 dexamethasone 11.25 393.2/373.2" 75 0
(HbZEKAR ) 393.2/355.2 8
10  flumethasone 11.59 411.2/253.1* 70 12
(FKH) 411.2/121.0 40
11 corticosterone 11.63 347.0/121.0" 20 25
( B J5if ) 347.0/329.0 25
12 beclomethasone 11.86 409.2/391.1 " 110 6
(RESRAR ) 409.2/146.9 30
13 flunisolide 12.40 495.2/121.0* 90 16
(TR 495.2/319.1 44
14 triamcinolone acetonide 12.52 435.2/415.2" 75 4
(%718 435.2/397.2 12
15 fluocinolone acetonide 13.34 453.2/413.3* 90 8
(RERRIEER) 453.2/337.2 8
16 fluorometholone 13.71 377.2/121.0* 80 36
(HKIR) 377.2/173.1 24
17 fludrocortisone acetate 13.84 423.2/238.9* 150 22
(BRI T HIRL) 432.2/120.9 36
18 deflazacort 14.04 442.2/123.9" 170 50
(ML) 442.2/141.9 36
19 budesonide 15.43 431.2/147.0* 90 36
(A A3 1E) 431.1/173.1 28
20 deoxycorticosterone acetate 17.20 373.24/97.1 " 110 28
(PRI S B JoT ) ) 373.2/108.9 20
21 amcinonide 17.36 503.2/339.1* 75 12
(ZVIZRTE) 503.2/399.2 8
22 clobetasol propionate 17.61 467.2/373.1 65 8
(HNRABEMZR) 467.2/355.1* 8
23 fluticasone propionate 17.79 501.2/312.9* 110 24
(PIBRFRE R ) 501.2/292.9 44
24 clobetasone butyrate 18.84 479.2/279.1 80 16
( TRRAAEAAL ) 479.2/71.1* 16
cortisol-d4 6.15 367.2/121.0° 120 27
dexamethasone-d4 11.36 397.2/377.2* 75 0
triamcinoloneacetonide-'* C3 12.39 438.2/318.2* 75 4
budesonide-d8 15.33 439.0/421.0* 110 12
fluticasone propionate-d5 17.83 506.2/312.9* 110 24

# (Quantitation ion.
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FAAGE NN} AR &8 A BRVT = A PRl R 2
FIZ(0~20 cm) GUERYIHE ML e RS & T & T
-20 CHRIRIRAEZ50HT

FRE 2.0 g £V VR T BIF IS 3ok i 1) O AR W A
b BT 50 mL HIER AL, MA 0.5 g 4
A 10 mL B EE-PNEF(1:1, v/v) 20 pL A NAR TAE
W, IRA G A R 10 min, FELL 6 000 r/min 5 &
20 10 min JRIEE L2, LR PRER 3 K
IEGIFERRBOR . R 78 KA SR U e 46 22 1
mL 5, % T 200 mL B 47K H %8 T EAH A,
Oasis HLB /MERIKH 6 mL R ZHg .6 mL LN |
12 mL BAUKEE 4 A 3 A EALLL 10
mL/min AYFECR A OIAE, BRESERE )R, G
FH 10 mL 10% (v/v) CHEK Wk vE, #:5 AR T
PERERR, SRIG KR 6 mL LR O FR-Z 0B (101,
v/v) .6 mL L& MgV, US4 %) Pk I ik 48 e e
ER AN TEEET 1 mLHEE, S5 mL 2R
ZBE 5 mL B BTG AL LC-NH, /)NK: | PR B s ke 4
WA, B 5 mL B BEPEE . 200K VR R
WAL T LU EEE 2 £ 0.5 mL, £f UPLC-MS/
MS W& .
14 & E

Agilent ZORBAX Eclipse Plus C, {34 ( 100
mmx2. 1 mm, 1.8 pm) ;s A: 0.1% (v/v) &
FRAK W, B A B O AR 30 T ik 0.3
mL/min; #FAE i 5 pL; B R B AR F . 0~8.0
min, 28%B; 8.0~8.1 min, 28% B ~ 40%B; 8.1~
12. 0 min, 40% B; 12.0~12. 1 min, 40% B~60% B
12.1~16.0 min, 60% B~70%B; 16.0~16.5 min,
70% B~100% B; 16.5~20.5 min, 100% B,

1.5 RiLk&G

2R WSS R B R, IE B LK
(ESI') ; Z5 4k 2% 15 /1. 276 KPa; JIE % ) < i . 11
L/min; B FIRIRE 300 C; BAATHLIE 4 000 V3%
FEF[E] 7 1T ( delta retention time) >4 1. 2 min, &
A Z OV AE R I 4 52 (DMRM) . fiL ik
Ja i 24 F EAMEE P S SEOLR 1,

SEF T N T AR SR B RGR 22

TH IS BTN, S ), 8 1 e 45 SR HERA M A Bt
FER bR E s, M 5 FrRA ZBERDE R N
Bkl 24 Fh B AR AT € 12 50 A« B BT E-d4 (No. 1~
6) M ZEKMN-d4(No.7~12) HZ4378E-"C3( No.13
~18) A 75 18-d8 (No.19~20) N R T K FA-d5
(No.21~24) (5 JHXI R AR 1 h HARY Y
Hi'T) .

2 HR5ITE

21 REGAFIHIESE

VEFEA 10 1Y A< BUA R BE IS B2 =y H AR i B Bk
e S N R S e 7 R 0 1| N SR A A 7 LB 20
25 AP AR HL TR R, i 3 0 5 2 SR i, AR
WSS AR MR 3 B ISR R TR
CROTR-ZHE (121, v/v) LA N FHEE-PS R (121,
v/v) , TS S 2 BOT LR LR U

3 P R AL O BR AL i 1 [RLCR 45 F 0L IR 1
ATLLVE R A O TR R AR EUS |, A bR
PIRR H  ISCR N 8. 58% ~ 154. 4% ,*ﬁxﬂ%r&ﬂﬁ%
(RSD) & 1.28% ~40.8%; LR L HR-Z i (1 -
v/v) [ FE IR A BEAS I H il 22V e, LAy Eﬁ%
ISR 6. 19% ~ 172. 2% ,RSD & 0. 64% ~21. 3% ;

E A EE-NER (1:1, v/v) 28U A Bird iy

200
] 3 Methanol-acetone (1:1, v/v)
] 3 EtAC-ACN (1:1, v/v)
150 4 B EtAC
©
5 100
z 1
8 4
M 4
50 ]
) O AN (a0 00 08 o0, A% NAC (8 \ane el c0 e WA, (. al® . onC ol
e P\dosxe d‘?\\:g °°°(“S CO(“S d\\ﬁo“‘eﬁ“ é‘\ﬁ“ 8“ ey c\O‘ \‘“as “"“0%\0\\‘50 3°%\ \“"‘xoo“e Degude Bﬁ\eap\ \c\“\w"o" OQM”O ed S o
e wi? s ‘%amc T of ??\\“d\oco co(“C C\O“’%\ “Ca% Qo0

Deoﬁd

B 1 REUKFIRT 24 MR REEEHZEBRENZIE(n=5)

Fig. 1 Effect of extracting solvents on recoveries of the 24 CSs (n=5)



- 170 - 4

i 55 40 %

PG, I Ky 71, 7% ~ 130. 2% , RSD Ky 1. 1% ~
9.7%., SHIMHEAH L, FHE-NER(1:1, v/v)ER
PRI ) ELA B 0 DR R S A AR SY
PEREPEE- IR (1:1, v/v) VE R ZEBOAH)
2.2 SPE & EMHMEERMAMK

UURUIRE S o & 2, LA OB M S 5 R
TP, AR BT AR | i 24
OYEAE R A0 DRI o R AR 3R R R
IS, A BF 5% % 85 7 Silica A F1 LC-NH, # %}
SPE WA S — b 3R . Hidb Silica #: /2
VIR FE Ay 5 50 A AR 1 e B 351, = 2 1 A B R KR
VR AR P4 43 3 a9 oA 2 v 1 A 1 51
VL5 16 G 9 53 T ; LO-NH, A2 DL 5
R AR PR B, BEAS AR VAR AR IR
Wb &4, 45 Silica A —FEiE T A iR

FETHERTTSE ! R Oasis HLB SPE %
FE S EBOR HE 17T & I H 10 mL (19 10% 25K %
WGEAE VRN — ¥k, 3536 740 501 1 3 i
AL HLB AR 30 BV 758 — Ak, (1) Vel
WIRA T 1| mL LR CBR-IECHE(1:9, v/v),
FiEFs 2 1E 4 Silica #, 3 H 3 mL 4R 4 BE-1E
CE(1:9, v/v) ilkPE, )5 H 4 mL 2R . FR-H %
(95:5, v/v) PRI, VR 48 e i 75 kIR AR
TR T B 2, Rl (2) YRRk 4 S5 T 1
mL FEE, 58 2151k i LC-NH, £, 5 mL H
FEPEME LC-NH, # , VIR &g 75 & A& R
T, FEE A G R, 8 e A 2800 HLB H—K
B LA B 43 )54 Silica A LC-NH, A LY
3 PO SRR I T 2R A VAR

3FPEAL ST B AR IR EE R Aan K 2 B

N FEEMYZ5E HLB H—uadent, B ARk &9
[ WAy 53 i K ( 25. 5% ~95. 9% ) H. RSD 35 Fl 45k
(11.1%~42.0%) , IR 2, WA £ Silica F
ZREeE , Bz — M2y eIt R T RE S
FLAERE AT R B8 0 , AN Z B Ve oA G, L
A BAME AP 1Y R 52. 7% ~94. 7%, RSD H
0.9%~8. 6%, W4iM 2 LC-NH, H —igfb)a, ir
H BHAREE YRR FICE R 61. 4% ~ 118. 4%,
RSD 4 0. 8% ~6. 5%, W] WL 4+ AL RO AR F i i
R0 L el e 3 ey | B A A, X R R TR 4
LC-NH, H:¥ bl J5 A% e 1L & W (945 5w 1z (L
Kl 3) BRI, Vb s R b v 56 T TR B B R AIG, B
FRIE TR . IARIST 2% B LC-NH, FEXTAE f
AT ik,
2.3 FUEEHHIMRKL

CSs JE SR (1) (5 R0 5 W, L FE AR S5 4 ]
4 iR, EWHE C-17,C-20 A1 C-21 &b A7 i J
R EL  REE AR EST BT B 1k, AR B
[ M+HCOO ] ; £ C-3 Abfrfr ikt S 2 i+
S B LA EST BT RBIE B[ M+H ] B85+,
Kt CSs AT LAFEIE | B Pl g B =GR A DU 3], 38
1 BRI IRIERE | 43 WX 24 Fh AR Y RS SR
itk w5k, i BB 7 A 2 (full scan) i
EALA YR HE S T BT, R A AR R R R T
(SIM ) #E2CF fE Ak R 24 i HE RN B 4048 H e, ([ M+
H]" 5[ M+HCOO ]~ i Ji 34 3 5 K 5 2K J5 XFBE 2+
YEF #7425 (product ion scan) , %4 2 N HA
T e B R RRAE B B, D0k il i i £ L e )i
e KA, 355 ARAT w1 e A A9 79 6T MRML 25— X Al
FHNE ) BT S48

120 1 Purified by HLB and Silica cartridges
] BN Purified by HLB cartridges

100-; EEI {{

Recovery / %
D
S
1

0L | | | | | | | | | |

. OO0 AP 100 (o oS NP (g0l (a0 N, O

A0S A Ot eV T iSO o> S ekt

™ NGO ed{aroe e N\‘%"“" SRS o o
e

3 Purified by HLB and LC-NH, cartridges
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Fig. 2 Effect of SPE purification conditions on recoveries of the 24 CSs (n=5)
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8 _: Flunisolide ] _ Flunisolide
] miz 495.2>121.0 ] m/z 495.2>121.0
Z 64 & 64
5 g ]
E 4] Z 4] 12.29
27 21
Oi T T oi"“"l“‘l"'\
] R Fludrocortisone ) Fludrocortisone
5 B 13.72 acetate 2 ] acetate
2 7] miz 423.2>238.9 2z ] 13.72 miz 423.2>238.9
2 g ]
b 1 B 1
= 1 g 1
1 14
0 T T T 0 T T
2 ] Corticosterone 2 ] Corticosterone
1 miz 347.0>121.0 1 m/z 347.0>121.0
2z z
Z g
2 11.55 £ 1]
1 11.58
0 APt . 0 == JW
i Clobetasol propionate 17.53 ] Clobetasol propionate 17.61
6 7 mlz 467.2>355.1 64 m/z 467.2>355.1
2 &
5 4 g 4
£ g ]
2 2
0 A Y S . 04— V7 =
1 1 18.84
] Clobetasone butyrate ] Clobetasone butyrate
5] mlz 479.2>71.1 19.01 5] m/z 479.2>71.1
z ] z ]
Z &
o |5
2 2
14
0 T T T T
10 12 14 16 18 20

t/ min

t/ min

B3 fRHEN BEBRESFIR.ERI. ABRSEMRNTBEMALSZ LC-NH, SPE #4451 /5% MRM &i%E
Fig. 3 MRM chromatograms of flunisolide, fludrocortisone acetate, corticosterone, clobetasol propionate and
clobetasone butyrate before and after purified by LC-NH, cartridges
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Fig. 4 Structural features of corticosteroids
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Fig. 5 Total ion chromatograms ( TIC) of the 24 target compounds at mass concentration of 20 pg/L in
(a) positive ion mode, (b) negative ion mode, and (c) positive and negative ion mode
For peak Nos., see Table 1.
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Table 2 Linear equations, correlation coefficients (R?), limits of detection (LODs), limits of
quantification (LOQs) and matrix effects (MEs) for the 24 target compounds
Compound Linear equation R? LoD/ Low/ MEs/%
(ng/kg) (ng/kg) a b
Triamcinolone y=1.10x10*x+6.44x10* 0.999 1.06 2 -7.7 5.7
Aldosterone y=3.52x10°x-3.41x10° 0.999 0.50 2.26 20.3 16.5
Prednisolone y=1.10x10*x-8.32x10* 0.999 1.25 1.82 32.9 11.6
Cortisol y=1.29x10°x-7.79x10? 0.999 0.27 1.14 31.5 23.4
Prednisone Y=7.64x10%x+3.63%10% 0.998 0.33 0.91 26.2 18.8
Cortisone y=6.78x10%x-3.82x10? 0.999 0.17 0.26 16.0 10.7
Methylprednisolone y=3.42x103x-1.37x10° 0.999 0.45 1.20 26.3 16.3
Betamethasone y=2.55x10*x-1.54x10* 0.999 0.47 0.93 15.8 10.4
Dexamethasone y=2.76x10%x-2.14x10* 0.999 0.50 1.35 21.3 14.7
Flumethasone y=1.31x10*2+8.83x10? 0.999 0.47 1.14 10.1 -4.3
Corticosterone y=2.17x10*x-2.05x10? 0.999 0.48 1.18 22.7 14.3
Beclomethasone y=1.31x10*2-7.56x10? 0.998 0.57 1.45 49.9 18.2
Flunisolide y=1.45x107x+3.48%10° 0.999 0.57 1.55 19.3 -7.9
Triamcinolone acetonide y=3.55x10%x+8.79x10? 0.998 0.63 1.63 34.8 21.8
Fluocinolone acetonide y=2.42x10°x-1.46x10° 0.999 0.29 0.88 28.0 -4.4
Fluorometholone y=5.89x10%x-1.61x10* 0.995 0.60 1.69 21.2 11.4
Fludrocortisone acetate y=5.62x10%2+6.41x10? 0.997 0.58 1.37 19.6 15.9
Deflazacort y=1.45%10*x-1.02x10* 0.997 0.14 0.33 31.1 25.2
Budesonide y=2.16x10%x+3.61x10? 0.997 0.51 1.31 71.8 24.3
Deoxycorticosterone acetate y=8.20x10%x+5.04x10? 0.999 0.42 0.98 74.5 217.5
Amcinonide y=6.01x10°x-2.38x10° 0.998 0.57 1.16 45.5 -3.4
Clobetasol propionate y¥=3.55%10x-3.09%10° 0.998 0.42 1.64 24.7 -0.9
Fluticasone propionate y=1.12x1032+5.60x 10> 0.995 0.47 1.44 61.3 27.9
Clobetasone butyrate y=3.64x10°x-3.17x10° 0.999 0.56 1.48 43.7 9.3

y: peak area ratio of analyte to internal standard; x: mass concentration of analyte, pg/L. a; ME values without the secondary puri-
fication by LC-NH, SPE column; b: ME values with secondary purification by LC-NH, SPE column.

x3 MBYHR2AMHEREEEAZNNREKREREZE (n=5)
Table 3 Spiked recoveries and precisions of the 24 target compounds in sediment (n=5)
5 ng/kg 20 ng/kg 50 ng/kg
Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Triamcinolone 65.8 3.8 87.3 5.7 78.9 6.5
Aldosterone 87.0 1.3 76.5 3.2 86.7 8.4
Prednisolone 84.2 2.6 74.4 1.9 92.8 3.5
Cortisol 70.5 0.7 75.5 6.0 80.0 2.2
Prednisone 94.3 1.8 86.6 1.3 94.5 6.1
Cortisone 72.1 3.5 68.0 0.4 72.6 4.0
Methylprednisolone 76.8 4.3 75.7 1.9 83.8 9.7
Betamethasone 73.3 4.4 81.4 2.1 73.6 2.9
Dexamethasone 74.0 5.4 78.0 2.7 88.3 12.6
Corticosterone 70.3 4.8 72.3 1.4 73.5 9.4
Flumethasone 77.6 3.3 89.0 0.7 92.5 5.4
Beclomethasone 66.0 6.3 80.8 3.6 78.7 7.1
Flunisolide 74.3 5.5 83.8 2.3 80.8 3.1
Triamcinolone acetonide 72.2 3.5 76.3 7.1 85.8 3.4
Fluocinolone acetonide 74.3 9.4 83.4 6.0 75.5 1.7
Fluorometholone 64.9 5.2 85.8 2.3 90.7 3.1
Fludrocortisone acetate 76.5 3.8 80.5 0.9 86.7 5.6
Deflazacort 71.3 2.2 75.8 3.4 125.1 8.6
Budesonide 70.4 3.4 75.1 7.8 71.7 9.5
Deoxycorticosterone acetate 79.2 6.3 69.5 1.5 86.1 11.8
Amcinonide 78.3 4.1 81.0 7.9 79.9 6.0
Clobetasol propionate 88.1 5.8 68.2 8.1 75.2 3.2
Fluticasone propionate 68.2 4.9 70.7 2.7 68.5 11.0
Clobetasone butyrate 79.2 5.4 85.9 4.4 96.7 5.1
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F4 HIZAMTRANBDESFNERLERSESE

Table 4 Contents of corticosteroids in the
sediment sample from the rivers

of Pearl River Delta pg/kg
Compound Sample 1  Sample 2 Sample 3
Triamcinolone 3.78 <LOQ ND
Aldosterone ND ND ND
Prednisolone ND ND ND
Cortisol ND ND ND
Prednisone ND ND ND
Cortisone ND ND ND
Methylprednisolone ND ND ND
Betamethasone 4.21 ND <LOQ
Dexamethasone 9.63 ND <LOQ
Corticosterone ND ND <LOQ
Flumethasone ND ND ND
Beclomethasone ND ND ND
Triamcinolone acetonide 2.19 ND ND
Fluocinolone acetonide 2.80 ND ND
Fludrocortisone acetate ND ND ND
Deflazacort <LOQ <LOQ <LOQ
Fluorometholone 4.32 ND ND
Budesonide ND ND ND
Flunisolide 8.62 29.38 ND
Deoxycorticosterone acetate 7.51 22.35 1.28
Amcinonide <LOQ 22.37 1.42
Clobetasol propionate 1.25 2.71 ND
Fluticasone propionate 2.03 1.85 ND
Clobetasone butyrate ND 6.52 <LOQ

ND: not detected; <LOQ: less than limits of quantification.
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