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Simultaneous Analysis of 18 Glucocorticoids in Surface Water
GUO Wen-jing"">*, CHANG Hong" **, SUN De-zhi', WU Feng-chang’, YANG Hao’

(1. Beijing Key Laboratory for Source Control Technology of Water Pollution, College of Environmental Science and Engineering,
Beijing Forestry University, Beijing 100083, China; 2. School of Geography Science, Nanjing Normal University, Nanjing 210046,
China; 3. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China)

Abstract: A method of ultra-performance liquid chomatography tandam mass spectrometry (UPLC-MS/MS) combined with solid-phase
extraction (SPE) has been developed for simultaneous analysis of 18 glucocorticoids in surface water. The analytes were first enriched
and purified through a HLB cartridge, and eluted with acetonitrile/ethyl acetate (1:1, V/V), then detected by UPLC-MS/MS. The
detection used gradient elution process with methanol and 0. 1% formic acid/water (V/V) as the mobile phase to achieve baseline
separations of these 18 analytes. The linear range was 1.0-1 000 p,g-L’I. The method detection limits ( MDLs) were 0.10-1.0
ng- L' except for cortisone acetate and cortisol acetate (10 ng-L™") with overall mean recoveries of 65% -108% in surface water.
Application of this method for 5 surface waters from Beijing area showed that 8 glucocorticoids were detected with the concentration
range of 0. 20-476 ng-L~'. Triamcinolone, triamcinolone acetonide, cortisol acetate and clobetasol propionate were detected for the
first time in surface water samples, suggesting that this method is efficient for real sample analysis.

Key words: surface water; glucocorticoids; ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) ;
solid-phase extraction ( SPE) ; endocrine disrupting chemicals (EDCs)
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(beclomethasone) . fiti fif 0] ] ¥ ( cortisone acetate ) .
Fig M2 % 1k 7T A9 #& ( cortisol acetate ) , J K Jg
(fluorometholone ) | [ i i 28 K # ( dexamethasone
acetate) . A #i1 Z5 & ( budesonide ) . 7 B2 & fi5 ftbh &
(clobetasol propionate ) ( filf A Fr E & 4 FF ) K F 5

chromatography-tandam mass spectrometry,

T 98% ,sigma 3 H) . B2 BUEE IR WAL R N AR N
cortisol-d, , 58 H F C/D/N Isotopes ( Montreal , Jjl &
K. 18 FlE R B R A5 I 1 s,

R B Jor 3 2R o A e R S T A T ) T 71 - 23 )
PR IR T W B BT 380 28 A il 25 100 mg P P35 ik
¥z 10 mLAZ @A B, I B E A )G T -20%C
TORAE. BRI, P A R b O A v A A W, T
il BEAS [7] e JBE A o 1 Y
1.2 BT AL 22

T 2014 4F 8 AFEb T Hb IX R AE 5 A4 X Hh 3R
KBRS, BT R O s M 5280 %, IR E 6 h N
AU AR O RE IR AR A RS ZE L 1S LOKAE
FL T P B LT R IR AN R, 25 WS N B AWK
100 wg-L ™" i FE AR (cortisol-d, ). HLB [E AH A Bt
HAKYKH 6 mL Z12 4T . 6 mL ZJi§Fl 12 mL B 4l
JKIEAL , KRELL 5 ~ 10 mL-min ™" % 37 30 12 1% 1k 19
HLB #E, 7F 7K FE 42 3 2ok [ A 2 BUkE J5, B 10 mL
M AEK R BE SPE AL, I &AW T RLBR R AE N Ay K
gy, BJFH 6 mL TR LW/ LM (11, B ) Pe it
HLB W4 vk I 355 /AW -+, 100 L
W HRT VA R E A L TR
1.3 38 AT % 41

8 TR VR 3% 2% F €0 3% K - Waters ACQUITY ™
BEH C18 ## (100 mm x2. 1 mm i.d. ,1.7 pm, Waters
AT, RED s AR 40°C; BRI 4°C; BEREIR
U3 L. JshA A HEE, WA B: % 0. 1% (IRFR
IIE) SR KW, BE AR F AR 10 ~ 6 min, A
35% ——45% ; 6 ~ 12 min, A :45% ——80% ; 12 ~
15 min, A:80% ——95% ; 15 ~15.1 min, A:95%
—35% .

JoT % S A 1 1 R A L 55 L B R ) EST( - ) A
3, BYIE 3,00 kV, B 4ESE 1 (RF lens 1) 2
E:27.0 V, 5155545 2(RF lens 2) 1 JE:0.0 V, &
TR - 100°C, JI5t %5 0] I B2 - 450°C, JIid % 57~
600 L-h ™' iR 2. 0, 2R H 22 35 4 5N W i
B (MRM) . 18 Fof f 50 38 3R 1) B35 2 i 2
Bk 1 s,

2 FR5iITR

2.1 UPLC-ESI-MS/MS J5 41k

o T B R H b fe s b ke, B AR
$5E (1 VR BE 2 AE L g LT ARG KT, B
H4k UPLC-ESI-MS/MS J7 3k | $i e A6 i 5% £ 82 i
FebxE T X 2 H AR AL 45 W A9 36 5 U 8 A5 8 O



7 TR A MK PR R A AT 18 b Bz 5T i 3R O VR I T 2721

L7153 1,2 6 9 11 16 17 18 21

& [ = —OH —CH,0 —OH
R = =0 —OH —CH;3 —OH
] A = o —OH —CH;3 —OH
SALTT IR OH —OH —CH; —OH
R = —OH —OH —CH;3 —OH
AR = —F —F —OH —CH;s —OH —CH; —OH
K = —F —OH —CHj3 —OH —CHj3 —OH
h 2 = —F —OH — OH —OH —CH; —OH
BERR AL T B = —OH —OH —CH; —O0OCCH;3
Hh 22 A = —F —OH —0—C(CH3);—0— —CH;s —OH
ARek = —CHj3 —OH —OH —CHj3 —OH
ok = —Cl —OH —CHj3 —OH —CHj3 —OH
BERR T AR = —0 —OH —CH; —OO0CCH;
PR A AT WA —F —OH —OH —CHj3 —OOCCH;
K = —CHj3 —F —OH —OH —CH;

TR TR ZEKAR = —F —OH —CHj3 —OH —CHj3 —O0O0CCH;
T A7 = —OH —O0—CH (C3H7)—0— —CHj3 —OH
PR E R = —F —OH —CH;s — OOCCH,CHj3 —CH; —Cl

1 18 #HBERERRBENNFEN

Fig. 1

L. X ESI-MS/MS, A [a] (Y 2 14 85 =0 i 3h 4
H 2 PR AE B bRk & W0 A AR 6] i o 8 e H
&5 W R O AWFFE A, X e | B AT,
FHEL/ 7K . B EE/0. 1% R /K AL |2/0. 1% 2 TR 7K
AN TR 3t B A 2H BSR4 B U I — SR 4
AR R B R, R0, 1% SR K i 3l
MEMHFTERMBERBERZBRMEY[M +
CH,COO | ™ i i 15 5 e e, 36 £ A4 o A0 55 19 43 F
B WS R 09 3 3 A B B H AR R 0 F R
B M +HCOO |~ {H 2 AH R /9 W 17 {5 5 b & R fI%
2 ~ 3 A% AN R &0 RT A AL S i IR A% 0 B AE
SR AT R4 33.58% ) 5 fEIEE TR, HAs
R TR IM +H] " i T Na” TTAEATEE 7 A
TRE[M+Na] "5EF 5, KRR T[M+H]"
fig w17 £ 5

fill 48 BB HE 2 52 ) H AR B 4 F B 1 R
TIEE N MS/MS 280, 1F 2 ~ 18eV filf i fE & 1
FEL N, A BIF 94 L A~ E AR ) J5 o 7 e s 1) 71 T

Chemical structures of 18 target glucocorticoids
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Table 1 ~MS/MS operating parameters for 18 target glucocorticoids
H 454 5t {%ﬁé‘jmuilm BEE T (m/2) FET(m/z) %&}/L:\?E WT;EJJ;E%
S [ i) 7.38 419.5 [M +CH,CO0] - 359.3° [M-H]" 50 18
331.3 [M-H-CO] 55 18
RN 8. 14 417.6 [M+CH,C00] ~ 327.1* [M-H-CH,0] 45 12
357. 4 [M-H]" 45 6
CIEVEA 8.45 419.5  [M+CH,C00] - 329.3*  [M-H-CH,0] 55 15
359.3 [M-H]" 50 8
ER AL 9.16 421.6  [M+CH,C00] "~ 331.3* [M-H-CH,0] " 55 14
361.2 [M-H]" 50 8
ke e 9.19 419.5 [M+CH,CO00] "~ 329.3*  [M-H-CH,0]" 55 15
359.3 [M-H]" 50 8
SRR AR 10. 07 469. 6 [M+CH,CO0] - 379.3*  [M-H-CH,0] " 45 12
409. 3 [M-H]" 45 10
Hb FE KA 10. 38 451.4  [M+CH,C00] ~ 361.3* [M-H-CH,0]" 50 16
391.2 [M-H]" 50 12
ity 22 74 T 10. 42 453.4 [M+CH,CO00] ~ 363.3* [M-H-CH,0]" 40 10
393.2 [M-H]" 45 11
i 72 5 T A P 10. 49 481.5 [M+CH;C00] "~ 421.3*  [M-H]"- 45 9
403.2 [M-H-H,0]" 55 9
4 43 7 10. 55 493.4  [M+CH,C00] ~ 375.2° [M-H-C,H, -CH,0] "~ 55 14
357.1 [M-H-C,H, -CH,0 -H,0] ~ 40 16
Wik e e 10. 57 433.5 [M+CH,C00] "~ 343.2*  [M-H-CH,0]" 50 12
373.3 [M-H]" 60 9
(=P SN 10.57 467.5 [M+CH,C00] " 377.2*  [M-H-CH,0] " 45 11
407.2 [M-H]" 45 10
S 1 1T 1 10. 60 461.5 [M+CH;C00] - 401.3* [M-H]" 45 8
341.2 [M-H-CH,CO-H,0] "~ 45 16
ik PR S AT Y A 10. 61 463.5 [M+CH,C00] - 403.3* [M-H]" 45 8
343.2 [M-H-CH,CO-H,0] "~ 45 12
K e 10. 91 435.5 [M +CH,CO0] - 355.3' [M-H-HF]" 50 12
375.3 [M-H]" 50 12
i 1% 1t 5 K 11.50 493.5  [M+CH,C00] - 433.5* [M-H]" 45 8
361.3 [M-H-CH,CO-CH,0] ~ 45 14
i b 23 1l 12. 40 489.5 [M+CH,C00] " 357.2* [M-H-C,H, -CH,0] - 55 13
339.2 [M-H-CyH, -CH,0 -H,0] ~ 45 13
IR AR 12. 82 525.5 [M +CH,CO0] - 465.2° [M-H]"- 40 10
429.2 [M-H-HCI] "~ 55 16

1) a FOR I8 5 E BT

T C-18 i R COCMIX4rF st 28) 1M J5 ™
Ty 53 43 0 Kk 25 HF (AH XS 43 F Bt & 20) F1 HCT(AH
X o F i 36) B BUE i/ E B T TR g
RPN ATT b 23 18 AR 8 0 Fr B - A A S5 2R, e AT e
RE KRBT 258 M -H - C,H, -CH,0] " FI
[M-H-C,H, -CH,0] ,£% kT C-16, C-17
Ao by CoH, (X3 Bt & 28) Al CH (XS 43
T hE 42) LA C-21 f 8 [ CH,O (A Xt 4+ it
i 30) 4l Bh e PR R 1 R gk gk 2 H,0 (A
X 18) ML L ny B 1. (AR I BN, A

() i R T . AN (R S TR0 ) 88 R DA RO TR AR 4k 2%
fE# AT BE 3 A — AR BT 43 8 1. i/
PERE F 3 F45 R [F. 40 Herrero 25732 ] Agilent
O EVE PR EST( - ) 80T, 15 3 il 22 45 1
e EMEHRE T N[M-H-HF] " #[M-H
- C,H,CO - HF -H,0] ~, 5AHF5¢ b B B AN [A].
e ERY RS T8 €/ EsE
W B Z 5, 43X & i ESI-MS/MS 2 $0# 171
o, e o i i) R, BRI R 1 2 1.3 795, 55
A, T B AV R Rl S R Lok B L Xt B AR W B R



7 PROCH A M AR R TR I 3T 18 OB B 5T i8R U5 ik B L 2723

[M-H]
\
433

[M-H-CH,CO-CH,0]
/
[M-H-CH,CO-H,0-HF] sal
3%
[M-H- CHZCO H,0]
[M-H- CHZCO] [M H-HF]

374
l 391 / 413
,‘1 A o i, Ll L
380

' 404
ll A
300 320 340 360 420 440 460

mlz

B2 BRMERRE-EXFGHETERNERFEFHRIER

Fig. 2 Mass spectrum of dexamethasone acetate

Wi R TRt A EE . ML 3). mH, R4 MS/MS £E MRM BiUR AR 4 44> H
i7/0. 1% LTRKFHBE/0. 1% LBROK 73 ) %F 18 Fft - ARy as A AR 23 2 e P/ 1 1, R
FUbm W B BOMCGR W) IR AT M E 20 B, o T SR (e (T AT A3 2000 5 A9 1 D0 T L BB A 3 4G I 20
THEETE A C18 (35 /r Y AE AV DL RE Jy S i, B (R XS T HoA AR R 59 20 1 B 7 A0 P/ B S T Y
JE/IN CAETRAR , HARBE B M R AE S L Be L g AR A AR, AN BE 5 b 5 T B AL Tk JE RS T
AT o0 B LB e i O ESI-MS/MS Al , S8 HAbn #2030 B A e 7l 3 k47 2 A, — 8t
Yy ot R AR B P BE R A S AR SRR 2 ~ 3 A (LA BESEE IR, S VE D IR Sh AR R £ C18 S A (8

3.35e5
Z,ﬂﬁ/o.l%z,@ﬂ(iﬁifdltﬁ%?xﬂ
2.53 )
10.21
2.65
o 6.54 10.26
2.72 331 6.77
2.15 |
— 4.04
L 1 L = - = S ——

1.00 200  3.00 4.00 5.00 6.00  7.00 8.00 9.00 10.00 11.00 12.00 13.00

9.19,
6.05¢5
HIRE/0.1% LR B sh AR T 12.80
10.57 12.40
8.45
916 10.49
10.07
10,93 550
738 814 845 L
) L L 1 L | |
100 200 300 400 500 600 700 800 900 1000 11.00 1200 13.00

t/min

B3 ZH/0.1%ZBKMBE/0.1% ZBKRIHEERS 18 MERRAEURTHRMLRRESBELRYEIER
Fig. 3 MRM chromatograms of 18 glucocorticoids and cortisone, prednisolone in acetonitrile-0. 1%

acetic acid/water and methanol-0. 1% acetic acid/water



2724 7S

= 2 36 %

B FARMES —F s AW ST R R
THESORA T ERG. 1T7 wm EURDRL B & 43 5
PERE By €0 1% 43 25 FE L B 0 T R R B AR (A
1379, A SR I A 8 B e 2 40 5, It ) % 75
Gif ZHE AR (WK 3) . R, A5 b
FH AR R Sl A v 0 A BILTES ).

18 Fi H AR b e BT 0 R B 2 S Ak T By A B A A
Y, SR AR IR, A £ A B AT B AR B AT R
o e 90 SR B R AR AL A (BT 1 FRER 1) s 58 i
g ) S T [T ), DR JR A, AT AL L TR JE P e RN & A AT
IR S A EHARY BT, % B B ] 7. 38 ~9. 19 min, iX 5
M S AT AL, A SR A il E
RN . M ZEAR A P e L TR SR T A
Me s, Wik e, MoK BEIR Al By A | i
iR S AL T A . K R RN R L ZE K Fa X 11 A~ H
R R (f 88 s E] 10. 07 ~ 11. 50min) , i F7E C-6,
C-9 (g T H e e C-21 (B EE T LM
B B T AP 3G K T B ATTE (o B A AR BE
PERE 5 F T 0 8 J2 A Hl 2 TR A Y IR S A & 2 >
HEs# 5, T C-16 Fl C-17 {V B T H8E T
i) F1 PN R 45 48, 3 B A T B AR BT i A L 3 R T
PR EIpE]. SCT 18 F H bR ¥ ot 1Y O/ B4 1) [] 38 W] LA
FRAR A 2ob 5 T A HILIES ) b 91 3 e bR ET g = 3K
TE ST M 52 2% PR BT RE i 55 5 JBT %) 410 ] 8 i 2, A A 5
USR8 IR B AR T
2.2 FEHRAMEMRA

U5 TOBE B TR ) IR Bk FE AR AR, #E UPLC-
MS/MS I 43 BT FI 347 [ AH 22 B0 48 Rk 40 2 b
TR BERMERE KA S E TS
Y, L, 98T pH B AS 23 03X W) 5T 9 2 ™ A
B, AW ARV KA pH {2 T Tz i
FH I Oasis HLB [ A 22 HUNEZE ML, JF B 48 1 4 Fhigs
FRHAGIHE. CROBE. LR LR TR 4
JE L1 R L) TR BB Be 77 76 Il 3 45 R b B
T LR CTEXT KA | 22 7Y e AR EOR AN X 3 A
H A4 5z 1) [l ie 25 SR s 22 (AR T 60% ), ik 1 ok 15
Bt NG B NG/ R TR TR A 35 70 1 [l i SR AR
. DNV TR 1 R B 3 3 s 350 ) A e K U o
I VR TR R B BT T 5 2 3 U AH G, 3 T hE
FTM R e — B PR AL G, AR B I/
LR CTRIR AV FIAE Ve R 55 MU S PR
i PR A I ) 206 (PR B R R R TR B, &
IRZ, O/ TR CRTR & W0 B 6 e i) R 1,
PR B0 500 T R DRI 1 S8 2 (W B o T4, 2/ TR

SRR A VS TR0 AR A e Mot s 310 B Ry 5 3
2.3 ST R B UE K SEBRAE A AT

i B IR A ARAE 1.0, 5.0, 10, 50, 100, 500,
1000 pg-L ™"t 7 Ay BEK S, B A H be b5 Hz 5 i
RAEMMR B N B B A R 2R, A OC R AL
(R*)¥IKF 0.999. N T ik — 2 B3Ik 52 bR R 55 KA
18 R R B E A IR 7F 1.5 LR HAb st
FEIKRFE S (no=3) o B N e & B2 R 10,
50 11200 ng-L ™" IR A bR EE AN 100 ng- L™ A3 2
AR cortisol-d, , 3% AL AL J5 1 25 14 1 47 15 Ak 3 - 20F
P00, BT A B bR i F 3 8 R AR 65% il
108% 22 [ , AH X 47 1fE i 22 (RSD) /NTF 15% 5 [ Bk,
PR KA BITEAL B8 2 RS 2. 5.7 d #A7H:
W53, B R ATHERE 3 WK, T A H bR 5 0 ki 45
bR 2Z BN T 10% . 4% g E M (S/N) 2 3
JIT XoF 07 P e B8 K SR b it b e K AR RE i H 18 F
H b9 5t 0 7 3 A Hh BR (MDL) [ B R T A A R IS
W Ak T (9 #8 (10 ng-L7") Z Ab, Ho A ¥ 4 0. 10
ng- L~ (HIZEKHK) F 1.0 ng- L™ (12276 8 ) Z [H).

WS AT T N T 5 A SRE A ARt X
() Ml R AKRE R A 25 SR LR 2. 1K 4 o i R
o — AN KRR FE O PR B B AR R R R
MRM-LC-MS/MS (3% &, 7£ 18 F H br bl fz B %
LA 8 AP (TTRYRA . TREMS e . AL T AL . HbZE
b /NN Ty A 7 o O 1 e AT R /AL DS
MR AR ) Bk i, W B K F-AE 0.20 ng-L™" (1
FEKHY) £ 476 ng- L™ (B AR A Ak il B b ) Z 1), 3
SRR /NI [ /) AN A IS OR NP B L N /N
IR ME AN 2, Ao PRI 2] vk 52
AR 8 2L, #E LA ng- L7 Bk RS AR B9 K
S G AR A S A BT P AR — YR ARG A
FEORAR R MV e . AT R AR T
P R T AT A 2R 1 LB ] A vk B 2 SR F L
B B K P (S R S AL AT (#0476 ng-L7') . X —
77 T 1] A 2 A1 Sk W IR 38 3R 2 0 A AR ] [ R X
i FH A Fh S A f 22 S L 5 o — i, — 4
FH TR TR Bz T8 & Can s iR &4k T i A ) B ¥ 1k
I AR5 Z R, A K I 85 v AR 1k 2 EE AR TR b
WER MR X 5 TARE TIRE; 5o
PO Kz i zR (il 22 VG e i 22 2% 1 RN TS R A
) B A= W 3 PR Bl 2 M L AR s AR T R R,
JIT UAAE A 245 4 fefi FH B Pt A X 20 B2 R F i AR
BE R MR AR e MR o, BT E IR vl vT
Ik B AL e BE K-



7 SBICH A M SRR P [F B 43 AT 18 OB R BB T 1 i 2725
B2 FAM 18 R AR AT gL
Table 2 Concentrations of 18 glucocorticoids of Qing River in Beijing, China/ng-L ™'
Ll Fedm 1 FEdih 2 FE i 3 i 4 TN
GINiDEN 0. 94 0. 86 27 2.8 0.58
eI/ 0.29 0. 46 13 n.d.” 0.52
VAR N4 n. d. n. d. 1.4 n. d. n. d.
Hb ZE KA n. d. n. d. 0.71 0.77 0.20
Hh 2 VY e n. d. n. d. 57 15 2.5
Hh 2 7% 1 3.7 1.7 4.3 n. d. 0. 89
itk 2 S Ak AT 4 n. d. n. d. 476 55 n. d.
R S & n.d. 0.25 n.d. n.d. n.d.
D)n. d. FoRARAE
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Il Il " 1 1 1
6.00 7.00 8.00 9.00 10.00 11.00 12.00
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1 Z . - . L 1 1 1
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/Dexamethasone
I 1 1 |_,~/\___—-’—y\— —— )
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1 1 ] I J\—\ —ch, L
6.00 7.00 8.00 9.00 10.00 11.00 12.00
/Triamcinolone acetonide
1 1 1 |M~/\~<’M—f\——v~
6.00 7.00 8.00 9.00 10.00 11.00 12.00
/Hydrocortisone acetate
1 1 L L e
6.00 7.00 8.00 9.00 10.00 11.00 12.00
t/min
B4 #&3FNEPEEBRERRBEN MRM-LC-MS/MS & i E
Fig. 4 MRM-LC-MS/MS chromatograms of detected glucocorticoids in the extract of Sample 3
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