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Abstract: Concerns over the emergence of steroid hormones as pollutants in water have

grown. Steroid hormone compounds present challenges in the simultaneous detection of total
residual hormones owing to their analogous structures and diverse types. In this study, we es-
tablished a rapid and high-throughput continuous online method based on solid phase extraction
(SPE) coupled with ultra performance liquid chromatography-tandem mass spectrometry ( UP-
LC-MS/MS) for the simultaneous determination of 61 hormone components, including 48 glu-
cocorticoids, 1 mineralocorticoid, 4 androgens, and 8 progesterones, in water.

Various SPE columns were investigated to assess their extraction efficiency for enriching and
purifying target compounds in a large sample volume (1 L). An HC-C18 SPE column was select-
ed because of its superior performance. Acetonitrile was used as a washing solution during SPE
to ensure that the majority of the tested substances achieved recoveries exceeding 70% and
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effectively avoid interferences from water-soluble components.

Various C8 and C18 columns were tested, and the optimal HPLC conditions for hormone re-
tention were established. We systematically evaluated different UPLC columns and mobile pha-
ses, including methanol-water and acetonitrile-water systems with 0. 1% formic acid added to
the aqueous phase. The optimized UPLC conditions were as follows; BEH C ; column (100 mm
x2.1 mm, 1.7 pm) ; column temperature, 40 C; flow rate, 0.3 mL/min; injection volume, 5
wL; mobile phase A: 0. 1% formic acid aqueous phase; mobile phase B. acetonitrile. Gradient
elution was performed as follows: 0-0. 5 min, 30% B; 0. 5-15. 0 min, 30% B-75%B; 15.0-18.0
min, 75%B-98% B; 18.0-19.0 min, 98% B; 19.0-19. 1 min, 98% B-30% B; 19. 1-20. 0 min,
30% B.

Both positive- and negative-ion modes were explored in the UPLC-MS/MS experiment to ob-
tain the full scan of the parent ions, and positive mode was finally selected for electrospray ion-
ization ( ESI). Two product ions exhibiting strong signals and minimal interference were select-
ed for quantitative and qualitative ion analyses, using an external standard method for quantifi-
cation. MS/MS was performed in positive-ion ( ESI") mode with multiple reaction monitoring
(MRM) scanning. The MS/MS parameters were as follows: atomizing gas pressure, 379 kPa;
curtain air pressure, 241 kPa; spray voltage, 5500 V; desolvation temperature, 550 C; colli-
sion exit voltage (CXP), 13 V; intake voltage (EP), 10 V; and residence time of each ion
pair, 0.5 ms. Other instrument settings, such as the collision energy and declustering voltage,
were also optimized.

The 61 hormones exhibited excellent linear relationships within their corresponding concen-
tration ranges, with correlation coefficients greater than 0.99. The method detection limits
(MDLs) were in the range of 0.05-1.50 ng/L. The average recoveries of the 61 hormones
across three spiked levels ranged from 62.3% to 125.2%, with relative standard deviations
(RSDs, n=6) of 1. 1% —10. 5%.

Using this method, we successfully detected 10 hormone components ( cortisone, fluticasone
propionate, ciclesonide, betamethasone dipropionate, clobetasone butyrate, diflucortolone va-
lerate, halobetasol propionate, isoflupredone, difluprednate, and hydroxyprogesterone ca-
proate) in various surface water and groundwater samples collected from the Taihu Basin
region.

The SPE-UPLC-MS/MS method presented in this paper is simple, highly sensitivity, and ex-
ceptionally accurate. Thus, it exhibits promising potential for tracing targeted hormone residues
in water and will be of great value in monitoring and ensuring water safety. Finally, a regional
analysis was conducted on the hormone levels in water, and suggestions were made for the tar-
geted treatment of hormone residues in future sewage treatment processes.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; solid phase extraction ( SPE) ; hormone; water
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Table 1 Retention times and MS/MS parameters for the 61 hormones
Parent Daughter Declusterin; Collison
No. Compound CAS No. #/min ion (m/z) ions (gm/z) potentials/\g/ energies/eV
1 triamcinolone (% 77k ) 124-94-7  2.08 395.2 357.2* /225.1 82/82 17/26
2 prednisolone (% /EMIE) 50-24-8  3.22 361.2 343.2% /147.2 85/85 14/34
3 prednisone (i&JE) 50-03-2  3.25 359.2 341.2* /147.2 85/85 15/35
4 isoflupredone ( 5Ji%kJETE) 338-95-4  3.28 379.2 359.3%/341.3 70/70 13/18
5 hydrocortisone (& ALAIAIFA) 50-23-7  3.34 363.2 121.1%/327.2 136/136 21/30
6 cortisone (A AIHL) 50-06-5  3.43 361.3 163.2* /121.1 140/140 31/40
7 methylprednisolone ( F 3% Je ¥ ) 83-43-2  4.16 375.2 339.2%/161.2 66/66 14/28
8 dexamethasone (HiZEKH) 50-02-2  4.31 393.2 373.4% /355.2 78/78 15/15
9 betamethasone (f&fliKAR) 378-44-9  4.33 393.2 337.3%/355.2 81/81 15/19
10 flumethasone (KAL) 2135-17-3  4.41 411.3 253.2%/121.0 80/80 22/50
11 beclomethasone ({F4AKM) 4419-39-0  4.65 409.2 391.2%/279.3 84/84 15/29
12 betamethasone 21-acetate (FERRIGAHA) 987-246-6  4.84 435.3 277.1* /171.0 80/80 27/39
13 desonide (12 Z5H) 638-94-8  4.85 417.2 147.0" /173.0 70/70 39/33
14 triamcinolone diacetate ( i 2¢ 74 g XUES B2k ) 67-78-7  5.08 479.2 441.2* /321.1 81/81 14/19
15 fludroxycortide ( J5E4iM) 1524-88-5  5.21 437.2 361.2* /285.2 155/155 24/33
16 prednisolone 21-acetate (FERRIKJEFA B ) 52-21-1  5.24 403.2 147.1% /385.2 62/62 35/13
17 fluocortolone (& 7] ) 152-97-6  5.35 377.4 303.3*/171.2 66/66 16/26
18 chlormadinone acetate (2% 27 R ) 302-22-7  5.41 405.1 267.3* /309.3 90/90 21/29
19 desoximetasone ( ZZFKAR) 382-67-2  5.45 377.2 147.0* /171.0 70/70 28/29
20 fludrocortisone 21-acetate (B2 FE AT UML) 514-36-3  5.45 423.2 239.2%/343.2 83/83 34/29
21 prednisone 21-acetate ([iRIZJEM) 125-10-0  5.65 401.2 147.2* /295.2 80/80 23/39
22 deflazacort (HiFal ) 14484-47-0  5.74 4423 124.1% /142.1 81/81 65/45
23 cortisone 21-acetate ([#ER AT L) 50-04-4  5.86 403.2 163.2% /343.2 140/140 31/26
24 halometasone ( [3&AlLf2) 50629-82-8  5.92 4453 169.0* /155.3 148/148 30/45
25 testosterone () 58-22-0  6.18 289.2 109.0* /97.1 113/113 29/30
26 methylprednisolone 21-acetate ( F 3%k JE WA B BERRTS ) 53-36-1  6.36 417.2 161.1*/253.2 85/85 28/28
27 dexamethasone 21-acetate ( B HLZEAKA) 1177-87-3  6.73 435.3 309.3* /337.0 50/70 18/17
28 budesonide ( fii#Z57%) 51333-22-3  6.76 431.2 147.1% /413.2 83/83 15/42
29 gestrinone (2% =) 16320-04-0  6.82 309.1 199.2% /241.1 120/120 29/43
30 finasteride (ARTFHEME) 98319-26-7  6.85 373.3 317.2* /305.3 138/138 31/41
31 hydrocortisone 17-butyrate ( J FRE AL HIFY) 13609-67-1  6.92 433.3 327.2% /345.2 78/78 23/15
32 methyltestosterone ( F L2 ) 58-18-4  6.92 303.2 97.0*/108.9 110/110 30/29
33 fluorometholone 17-acetate ( F5K & HRMS ) 3801-06-7  7.22 433.3 327.2% /345.2 78/78 23/15
34 clobetasol 17-propionate ( NEREMFH1ER) 25122-46-7  7.84 461.3 355.2%/373.2 88/88 18/13
35 norgestrel (HLifZEMR) 797-63-7  1.92 313.2 109.0 * /245.3 115/115 24/33
36 triamcinolone acetonide 21-acetate ( Jififi it 22 737E) 3870-07-3  7.96 477.2 339.2% /321.2 80/80 22/23
37 hydrocortisone 17-valerate (& {1k A HIHA IR IRTR ) 57524-89-7  8.13 447.3 345.3* /121.1 75/75 16/40
38 medrysone ( H1¥H4) 2668-66-8  8.16 345.2 327.3* /135.2 100/100 20/27
39 fluocinonide (FIEHL) 356-12-7  8.21 495.2 337.2" /121.1 82/82 24/60
40 diflorasone diacetate (SR BIRILIAL) 33564-31-7  8.34 495.2 279.2* /317.2 85/85 20/23
41 hydrocortisone aceponate (i P % T HIFL ) 74050-20-7  8.46 461.2 309.3* /387.2 80/80 15/26
42 difluprednate ( — 22§ THE) 23674-86-4  9.08 509.2 303.1*/279.1 80/80 19/21
43 betamethasone 17-valerate ( JZERFMKH ) 2152-44-5  9.12 477.2 355.3%/279.3 83/83 18/24
44 methylprednisolone aceponate (i H ik JE %) 86401-95-8  9.29 473.3 161.0* /381.2 80/80 15/26
45 prednicarbate (7% Hg) 73771-04-7  9.65 489.2 381.3* /115.1 80/80 16/25
46 loteprednol etabonate (B IKI#) 82034-46-6  9.74 461.3 359.2* /265.3 68/68 17/27
47 amcinonide ( 4423 fit) 51022-69-6  9.89 503.2 339.2*/321.2 90/90 24/25
48 alclomethasone dipropionate ( FiJ 8K ¥ XN R ) 66734-13-2  9.95 521.4 301.2* /279.2 106/106 22/21
49 halobetasol propionate ( [ 1¥{th 2 PN R ) 66852-54-8  9.98 485.4 121.0* /276.3 109/109 34/51
50 megestrol acetate (i Hb 22 ) 595-33-5  9.99 385.1 325.1%/261.3 90/90 20/26
51 progesterone (Z2ff) 57-83-0  10.01 315.2 97.3* /109.0 100/100 32/26
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Table 1 (Continued)
Parent Daughter Declusterin; Collison
No. Compound CAS No.  #/min ion (m/z) ions (gm/z) potentials/\g7 energies/eV
52 tixocortol pivalate (H7IGCERER AT I ) 55560-96-8 10.05 463.2 361.2% /343.2 120/120 25/26
53 fluticasone propionate ( A2 1) 80474-14-2  10.35 501.2 313.2%/293.2 84/84 22/20
54 hydrocortisone 21-acetate ( BSERZALTT HIHL) 50-03-3 10.38 405.3 309.2 % /326.9 105/105 24/22
55 medroxyprogesterone 17-acetate ( fitifid FF %27 ) 71-58-9  10.44 387.2 122.9* /327.0 91/91 19/33
56 betamethasone dipropionate ({345 X P HRTS ) 5593-20-4 10.68 505.3 411.2%/319.2 82/82 15/21
57 clobetasol 17-butyrate ({5 T BRER) 25122-57-0  11.81 479.3 279.2% /343.2 95/95 19/22
58 diflucortolone valerate ( J3F2 X581 ) 59198-70-8 11.83 479.4 355.3*/85.1 110/110 21/31
59 testosterone propionate ( PN RS2 ) 57-85-2 13.65 345.3 109.2* /97.1 140/140 36/31
60 hydroxyprogesterone caproate ( T\ F2 % Z# 1 ) 630-56-8 14.37 429.1 313.2%/271.3 76/76 20/27
61 ciclesonide (FFZ%3H) 126544-47-6  15.94 541.3 323.2%/173.2 81/81 25/36

* Quantitative ion.
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different mobile phases
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Table 2 Regression equations, linear ranges, correlation coefficients (r), method detection limits (MDLs) ,
method quantification limits (MQLs) , recoveries and RSDs of the 61 hormones (n=6)

No. Compound Regression equation Linear range/ MDL/ MQL/ Recovery/ RSD/
(ng/mL) (ng/L) (ng/L) % %
1 triamcinolone y=1.18x10%x-2.57x10? 0.10-100 0.9990 0.05 0.15 81.7-89.5  2.7-5.2
2 prednisolone y=5.61x10*x-2.51x10* 0.10-100 0.9949 0.05 0.15 90.3-92.4  3.1-4.6
3 prednisone y=4.43x10%x+7.56x10* 0.50-100 0.9989 0.30 1.00 82.8-88.6  3.5-54
4 isoflupredone y=2.11x10*x-9.12x10? 0.20-100 0.9986 0.15 0.50 79.3-85.1 2.8-6.5
5 hydrocortisone y=1.46x10%x+8.47x10° 0.50-100 0.9985 0.30 1.00 89.0-92.3  2.5-74
6 cortisone y=4.46x10%x-1.22x10° 0.50-100 0.9979 0.30 1.00 85.4-92.4  6.5-8.7
7 methylprednisolone y=1.94x10*x+3.53x10* 0.50-100 0.9941 0.30 0.10 83.2-125.2 1.1-6.8
8 dexamethasone ¥=6.24x10%2r-2.28x10° 0.50-100 0.9998 0.30 1.00 79.1-95.3  4.5-7.1
9 betamethasone y=3.78x10"x+1.67x10* 0.10-100 0.9992 0.06 0.20 84.9-93.7 5.9-8.5
10 flumethasone y=1.83x10%x+5.72x10? 0.20-100 0.9988 0.15 0.50 83.4-85.4  2.8-6.7
11 beclomethasone y=4.82x10%x+8.67x10% 0.50-100 0.9996 0.30 1.00 73.7-80.4  3.8-9.1
12 betamethasone 21-acetate y=3.31x10*x+1.88x10° 1.00-100  0.9988 1.00 3.00 75.2-87.0  4.9-8.3
13 desonide y=2.65x10%2+7.99x10° 0.20-100 0.9996 0.15 0.50 80.6-88.7  5.8-7.3
14 triamcinolone diacetate ¥=9.29x10%x+1.99x10? 0.20-100 0.9983 0.15 0.50 89.-106.9  4.9-6.8
15 fludroxycortide y=1.22x10%x-7.05x10? 0.20-100 0.9989 0.15 0.50 62.3-85.3 3.2-6.4
16 prednisolone 21-acetate y=4.34x10*2-2.50x10° 0.20-100 0.9980 0.15 0.50 91.5-107.1 2.2-6.4
17  fluocortolone y=1.99x10*2+9.60x10? 0.20-100 0.9968 0.15 0.50 87.9-947  5.4-6.5
18 chlormadinone acetate y=1.77x10*x+2.89x10° 0.50-100 0.9997 0.50 1.50 75.8-100.8 4.2-8.4
19  desoximetasone y=1.55x10*x-1.13x10* 0.50-100 0.9991 0.50 1.50 83.1-107.6  4.1-5.9
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Table 2 ( Continued)
. . Linear range/ MDL/ MQL/ Recovery/ RSD/
No. Compound Regression equation
(ng/mL) (ng/L) (ng/L) % %
20 fludrocortisone 21-acetate y=1.07x10*x-8.44x10° 0.20-100  0.9978  0.20 0.60 85.5-94.8  3.2-5.5
21 prednisone 21-acetate y=1.25x10%x+5.32x10° 0.50-100 0.9987 0.50 1.50 78.3-88.1 6.2-7.5
22 deflazacort y=4.13x10%2+1.24x10* 0.50-100 0.9996 0.50 1.50 65.1-95.1 5.4-9.4
23 cortisone 21-acetate y=1.18x10*x-2.57x10° 0.20-100 0.9991 0.15 0.50 86.7-92.4  4.7-64
24 halometasone y=4.15x10%x+1.42x10° 0.20-100 0.9992 0.20 0.60 86.9-93.6 5.6-9.1
25 testosterone y=5.42x10%x+2.72x10* 0.50-100  0.9997  0.50 1.50 95.7-108.4  6.2-7.8
26 methylprednisolone 21-acetate y=1.18x10*x-2.66x10> 0.20-100 0.9990 0.15 0.50 88.5-100.7 1.7-3.5
27 dexamethasone 21-acetate y=1.40x10*2+2.97x10° 0.50-100 0.9992 0.50 1.50 79.4-95.6  5.2-7.5
28 budesonide y=4.12x10%2+2.11x10* 0.50-100 0.9998 0.50 1.50 87.7-122.1 3.8-6.7
29 gestrinone ¥=9.32x10*x-2.03x10* 0.20-100 0.9999 0.15 0.50 94.6-101.3 4.1-7.3
30 finasteride Y¥=2.49x10°x+1.41x105%  0.10-100 0.9990 0.05 0.20 89.1-109.9 4.5-6.9
31 hydrocortisone 17-butyrate y=1.83x10*x-1.27x10" 0.50-100 0.9999 0.50 1.50 78.5-110.0 4.9-7.5
32 methyltestosterone y=7.77x10*x+2.27x10* 0.10-100 0.9998 0.10 0.30 81.2-103.8 6.1-9.3
33 fluorometholone 17-acetate y=1.24x10°x+5.77x10* 0.20-100  0.9992  0.15 0.50 95.1-109.0 4.2-8.4
34 clobetasol 17-propionate y=3.78x10%x+3.00x10* 0.10-100 0.9988 0.05 0.20 88.5-98.7 2.8-4.9
35 norgestrel y=4.10x10*x-7.97x10° 0.50-100 0.9996 0.50 1.50 78.6-115.9 6.2-9.5
36 triamcinolone acetonide 21-acetate y=3.19x10*x+1.97x10* 0.20-100 0.9990 0.15 0.50 79.7-91.1 3.5-8.6
37 hydrocortisone 17-valerate ¥=3.68x10*xr-4.99x10° 0.20-100  0.9997  0.15 0.50 94.1-104.4 5.2-8.4
38 medrysone y=2.38x10*x—1.40x10* 0.50-100 0.9981 0.50 1.50 85.7-96.5 2.5-5.3
39 fluocinonide y=2.57x10%x+1.43x10* 0.50-100 0.9997 0.50 1.50 85.4-94.2 3.1-6.5
40 diflorasone diacetate y=3.20x10*x-1.10x10* 0.50-100 0.9996 0.30 1.00 86.6-88.6 2.7-7.8
41 hydrocortisone aceponate y=4.54x10*r-1.28x10* 0.20-100 0.9993 0.15 0.50 92.6-96.7 2.5-5.4
42 difluprednate y=4.07x10*x-5.91x10° 0.20-100 0.9998 0.15 0.50 80.9-92.5 4.6-6.8
43  betamethasone 17-valerate y=5.17x10*x-1.68x10° 0.10-100 0.9986 0.10 0.30 79.2-91.7 3.4-8.9
44  methylprednisolone aceponate y=8.95x10%*x+3.27x10* 0.20-100  0.9996 0.20 0.60 73.8-88.6  6.7-9.4
45 prednicarbate y=7.72x10*x+6.92x10* 0.10-100 0.9983 0.10 0.30 87.5-95.1 5.3-7.9
46 loteprednol etabonate y=7.87x10*x+6.10x10° 0.20-100 0.9999 0.20 0.60 93.3-96.4 3.4-5.7
47 amcinonide y=2.56x10"x+9.28x10? 0.50-100 0.9993 0.50 1.50 83.3-94.5 3.5-8.9
48 alclomethasone dipropionate y=2.18x10*2+6.65%103 0.20-100 0.9996 0.20 0.60 94.4-96.7 2.7-17.5
49 halobetasol Propionate y=9.40x10*x+1.19x10? 0.50-100 0.9995 0.50 1.50 88.9-104.9 4.2-6.6
50 megestrol acetate y=1.16x10°x+9.63x10* 0.20-100 0.9983 0.20 0.60 84.6-100.1 3.8-5.9
51 progesterone y=1.47x10°x-4.18x10* 0.20-100 0.9998 0.20 0.60 95.6-107.3 3.7-6.8
52 tixocortol pivalate y=1.93x10"x+7.89%10° 1.50-100 0.9999 1.50 4.50 94.5-100.8  3.6-8.1
53 fluticasone propionate y=4.68x10*r-4.99%103 0.20-100 0.9996 0.20 0.60 101.1-106.5 2.1-6.5
54 hydrocortisone 21-acetate y=4.81x10%x+2.15x10* 0.50-100 0.9993 0.50 1.50 85.5-98.6 5.1-7.5
55 medroxyprogesterone 17-acetate ¥=9.50x10*x-4.70x10* 0.20-100 0.9994 0.20 0.60 101.6-103.4  5.4-9.7
56 betamethasone dipropionate y=8.14x10*x+6.00x 10* 0.10-100  0.9981 0.10 0.30 84.6-98.9  2.5-6.9
57 clobetasol 17-butyrate y=3.07x10%x+2.35x10° 0.20-100 0.9998 0.20 0.60 69.3-121.4 2.5-10.5
58 diflucortolone valerate y=2.19x10%x+1.53x10* 0.50-100 0.9992 0.50 1.50 100.5-105.6  2.5-6.5
59 testosterone Propionate y=1.00x10°x-8.15%10° 0.50-100 0.9998 0.50 1.50 91.5-105.3 5.7-9.3
60 hydroxyprogesterone caproate y=7.49x10*x+4.00x10* 0.10-100 0.9997 0.10 0.30 92.5-106.4  6.4-8.5
61 ciclesonide y=5.51x10%x+3.02x10° 0.20-100 0.9996 0.20 0.60 95.4-101.5 3.2-6.9
y: peak area; x: mass concentration, ng/mL.
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Table 3 Comparisons of this method with other methods

Ref. Number of analytes Matrix Type Method Jon sources  Recovery/% MDL/ (ng/L)

[16] 12 lake water 4 fully automatic SPE device ESI*/ESI™ - -

[17] 11 river water 1 DSPME ESI*/ESI” 53.6-90.4 0.2-10.4

[18] 26 source water 4 SPE ESI*/ESI™ 51.6-127 0.01-3.0

[19] 4 surface water 3 LLE ESI* 72-141 0.01-0.20
This method 61 water 4 SPE ESI* 62.3-125.2 0.05-1.50

DSPME. dispersed solid phase microextraction.
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