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Degradation and transformation of conjugated estrogens during composting

WANG Zhen'?, ZHANG Hong—chang’, SHEN Gen—xiang"*’, HU Shuang—qing’, QIAN Xiao—yong’, WANG Zhen—qi’, LI Zhen—jin'
(1.College of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China;
2.Shanghai Academy of Environmental Sciences, Shanghai 200233, China)

Abstract: A pretreatment method employing microwave and solid-phase extraction and an instrumental analytical method employing liq-
uid chromatography—tandem mass spectrometry was developed to analyze the degradation and transformation of 15 target estrogens found in
dairy feces undergoing a 70—day composting period. The results showed that E1-3G, E3-3G, OP, BPA, DES, and EE2 were degraded effec-
tively during the composting, whereas NP degraded at a relatively slower rate, specifically at a 48.84% residual rate of NP. During compost-
ing, the conjugated estrogens were first hydrolyzed into free estrogens (mainly E1)and then degraded further. After 70 days of composting,
the concentration of E1 was approximately three times its initial value. The degradation rates of glucuronide—conjugated estrogens were >
98.76%, which was higher than those of sulfate—conjugated estrogens. The latter were relatively stable and could still be detected on day 70
at degradation rates between 92.74% and 96.79%. The study found that the estrogens, including E1-3S, E2-3S, E2-178S, E2-3G, E2-17G,
NP, E1, and E2, might eventually enter the environment through fertilization at concentrations of 1.75, 9.5, 16.4, 3.89, 4.44, 233.4, 69.28,
and 11.98 pg kg™, respectively. These results reveal that composting could be used as a treatment method for livestock manure, which can
effectively reduce the estrogen content in feces. However, a certain amount of environmental risk remains after applying composted manure
to a field, and further evaluation of manure application is needed.
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RIRMEB R UL A S A8 WIFIE A, A
1 A AL 15 M (Estrone , E1) M — % (178 - Estradiol ,
E2) FlIf =% (Estriol , E3) , 25 & SO IE MR EE 45 55
AT RS G 2E 456 SRR = 3
P AN, B B — T R, S HE M R
1365 kg-a™", 325 Ay R FME R ST HEROMER R
iKF 1520 kg-a™', H A G4 35°4 1058 kg-a . 314
S HE AR N 24 AMERCER | TE IR OIS 7% 8 (Sulfo-
transferases ) BY 45 25 B 17 iR 3L 54 2 il (Glucuronosyl-
transferase ) (I FH T, 4 Bt R AR B30 25 M HF BR AR 45 15
B A MR 1 b T HoRE P SR T
B PRGEZEAEHE R PR A A, G A4 T HE
14 MESE 2R T 43 BT 96% .69% il 42% Je: LIAE A 5 TE 2
FELERS, AR 25 5 2 ME R 10 MV 3R T PRI
{EEREE b B T A= Wy B 8 g L ERT G Ak B el 25 DT
TS JCHESCR G VE . BT AL A i A AR
XA W3 N — € fE T, 7 R A RIS R A 2
Mg 10 AR SCAIF ST R B, MEVECR TE K A= A5 LA ng -
L2501 A R S A Al A2 s s £ VAR, HL R
b 90% M) RARMEB Rk A T3 &R, Mtk
WFFE 3 8 2 rP R A R A AN A AT B S

B R AR ME T R A1 A — SR 5, A A I
(Diethylstilbestrol, DES) 1 Z, 4k #f — % (17a—Ethinyl-
estradiol , EE2) , KU 7E 2002 4F 5t % 1) F “ &% 11 #E 17
BB K AR B K™ SR AR el R R 25 0
Yy AR H R RE S N SR F W R o
FE W (Octylphenol, OP) | - £ (Nonylphenol , NP) Fl
XU A (Bisphenol A, BPA )t ] DL i £ &5 45 %4
Jot A e AR 95 Gk A S5 T S sh Wi s AR
BB R I T MR Ll S M
JE I HH 25 7 Uk A B 3 b AT e 2R B KA
X PRI e A W A o A

o T 456 SRR 12 3 & 2 ) fRAF L FE vh B
AR E T, B S IS h Ly 1/3 ABERR
LA G RIE AEAE ™M, T H AT 7 8 2 5]
T 175 Y mik o A il 47 B AL R #E NP 4R R
2 S5 H LTS G Wy AR R R AR e eI A5 0 H
RO R R A A A I T AL v R A B R g Y
Mo RIS Hh I SR O I8 3R 7 A IS A P 3 % e )
i E 2L A MR (AL E1LE2 MTE3) 3202,
XA A AMERCR | A b S MERCR DLSCHA A MR
BN B BT A SEATI AN 2 X HERE R R P 25 5 8 5 A
S Z ) B e e A A o A e = R 8 IR . H R

B v SR FIE A 1 22 S A S 0 2 e U, R 2 Y
P HRARA, | TC A AL S R JE 3 A v I B 3 P A
DR A4k, el i it 5 IS HEAE P A 1S OO A —
i 2%

PRI, AR BIF 5 308 15 ool 3R 2R B S H s
TG W), AL FE 45 G 25 MECER [HERR 3-8 IR 4 (Estrone
3-Sulfate Sodium Salt, E1-3S) Wt fiid 3 (B—D—%ij bl 11
12 ) 40 £ (Estrone B—D—Glucuronide Sodium Salt, E1-
3G) . 17R- M % 3-fi iR £ £k (17B - Estradiol 3-0-
Sulfate Sodium Salt, E2-3S) . 17@ - M — 5 17 -4 B2 £
2 (17B-Estradiol 17-Sulfate Potassium Salt, E2-17S) |
173 - — % 3—-(B-D-Hi i 17 2 ) B %R (17B—Estradiol
3-B-D-Glucuronide, E2-3G) . 17p-Mf —fE-17-p-D
MR ( 17B = Estradiol 178 =D Glucuronide, E2 -
17G) FlHE = #5~3-0~B~D Hj # 1 FR M 3 (Estriol 3~
0-B-D-Glucuronide Sodium Salt, E3-3G)]. H H &M
R (E1.E2 M E3) AL A 28 HE ¥ 3R (OP NP BPA |
DESHIEE2) o AR R X F bR R B9 A AL
R X R W R R AT R AR 45 G AN 1 R
WA PRI NE R FE b 245 5 28R 5 A i MK
BRI A A KA, 1 e 28 TT AR FRNE I8 H 5 =X
HEA B PREE h R R

I MRS

1.1 R34

R BT A 2 R b T R A 3 4 4t A i TR
B3 [ A A BURE BE FH 3¢ [ Waters 2 /] A9 Oasis
HLB /M (500 mg, 6 mL) F1 Sep Pak Aminopropyl NH,
/N (500 mg,6 mL) .

PR 2 I BT L 2N TR R E RS A
HPLC 4%, W4 F 75 Merck 23 F) . B ERUT JEfik (HPLC
R) FrEBRIN(98%) W BRI, FramR bt g st
W A e e A 2E R N A BR A F] . il K R
Milli-Q B 2li/K . I T AR HE MG B L 1, Bikhr
T it 127 P PP s M T T, I TC TR 2 R 10 mg -
L IR A FRUE W, T -20 COKAH -1

S PPVATR - A3 SBC T 0.1 mol - L AR AE R FIAT 5
FRANVE W, DIMATH FL 41: 59 3R 615 5 pH=5 B ¥ 1R
GE P

7S - 5 30A-AB5500Q~trap =5 R4 B AH (4 1% 5
B R E AL (5 F AB 23 H]) , CEM MARS CLASSIC %73
PAEBAL (SEE CEM /A W] ) , 63 18 4 [ 8l A A UYL
(EEPHMUAARAE]D 4 A sh ARk 45 L (JE ]
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Table 1 Information of target compounds
HFR YEXAE (27 afi i EERY) 2554
Name Abbreviation 5 CAS  Pure/% Internal standard Chemical structure
e El 53-16-7 99.6 E2-D3 CHY
Estrone
HO
W 3L M E1-3S 438-67-5 98 £2-3S-D4
Estrone 3—-Sulfate Sodium Salt

WER 3-(B-D-HIHH YR ) $hEh

E1-3G 15087-01-1 98 E2-3G-D3
Estrone f—D~-Glucuronide Sodium Salt
17R - — i E2 50-28-2 95.4 E2-D3
17B-Estradiol
17— % 3-B R 4ER E2-38 4999-79-5  97.94 E2-3S-D4
17B~Estradiol 3—0-Sulfate Sodium Salt
17— 5 1 7B R 3 E2-17S 23929-50-2 98 E2-38-D4
17B~ Estradiol 17-Sulfate Potassium Salt
173~ — 15 3 (B-D-Hi Ml 117 ) f £k E2-3G 15270-30-1 98 E2-3G-D3
17B-Estradiol 3—B-D~-Glucuronide
1730 - 17-B-D s TR E2-17G 1806-98-0 97 E2-3G-D3
17B~-Estradiol 17-D Glucuronide
i = 13 50-27-1 97.97 E2-D3
Estriol

won ) H

W~ i -3-0-B-D FIM R A ER E3-3G 15087-06-6 96
Estriol 3-0-B-D-Glucuronide Sodium Salt

E2-3G-D3
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Continued table 1 Information of target compounds

R YEXHE &2 alifiz R &=
Name Abbreviation BkS CAS  Pure/% Internal standard Chemical structure
VR op 27193-28-8  98.90 NP-D8 HQ
Octylphenol
FILMH NP 25154-52-3  99.96 NP-D8 OH
Nonylphenol M/@/
WL A BPA 80-05-7 99.81 DES-D8 HO OH

Bisphenol A

L Ty DES 56-53-1 97.00 DES-D8
Diethylstilbestrol
AU EE2 57-63-6 96.74 EE2-D4

17a—Ethinylestradiol

17— M Bt iR - D4 E2-3S-D4 352431-50-6 99 —
Sodium 17B-Estradiol-2,4,16,
16-D4 3—Sulfate

17~ — 5 D3 3-B-D- BT IR E2-3G-D3 1260231-06- 98 — CH,OH
17B-Estradiol-D3 3-B-D Glucuronide 8 )

17p-Mf —FE-D3 E2-D3 79037-37-9 99 —
17B~-Estradiol-16,16,17-D3

THEB-D8 NP-D8 — 98 — HO D
4-n-Nonylphenol D8
D D
D\ b
b D
D
CU s - DS DES-D8 91318-10-4 99 — D

Diethyl-1,1,1°,1=D4-stilbestrol-3,3",
5,5-D4
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Continued table 1 Information of target compounds

H PR YA (&7 afi EaRY) 2554
Name Abbreviation k5 CAS  Pure/% Internal standard Chemical structure
CHME—FE-D4 EE2-D4 350820-06-3 98 —

Ethynyl Estradiol-2.,4,16,16-D4

BRHMY A BR A 7)), $220 %1 pH - (Mg i —FE 2 1Y
A B2 H) L, Milli-Q 46 7K #% (3£ [ Millipore 2
Al ), TW223L B FKF (H A GHA ), LDG-0.3C
IR B2 VR VR TIRAIL (i R IR s 1A BR A
] ), 2300TH #5548 4 75 i e A (_E i 20 1% S okt
A BRA T, DWI130A B/ K A (il Rk
YIS A BRA A, LY280 T BHHUAL
1.2 HEREK IS

RF G S B A Ml S AT 2o 5 v 45 5 2 M 2R
fif L B iR ORI ST L R T 45 B R ME R R A T e
S WA e g SRR O, HERE AL B R T SR
HENE BRI 56 A, HENEE R 70 do

BT AR 28 R SR A 251, HEAL TR TR . 1%
A ZEFNHE AR ARE (P ) 5 BEOE S A HL 9 (1:2) TR A8
Y05, KA HIAE 51.07%+10%

FIFH BB PR 2 IR A IR T 7K
Ve H AT b e A W IR =AY, SR B I 5E
54 3.0~4.0 m 5 JE R 1.5~2.0 m, 2R B AL
RHEAT B (7 &) BHHE , {1 P9 02 43 R R B R [R) )
JREHRA 5] .
1.3 HRHRESRRE

FAEMENES50.4.10.15.21.36.47 dF170 dFES .
SRAGTRIE N 10~30 em, FIFRAERE S 1 HE(R 6 4> Bl AL
ARSI 202 m) S LR AR, T AR
PE R B BE AR A AR 2R T HE R e R
AN [) 123725 A6 A WA N SR A 7 IR A ZE R
FERAEAZE 00 B S A S R A 2 AR
LV UR T WS LS, PR AFAE-20 CUKAE It
F7 d DI 2 P R

5545 25 M S R A BRI VR PRI 2.000 g 3 AT A
mi, A 50 mL FH =22 s i (V:V=1:1), T 95 Cik
P AL B 40 min 32 BGE A A MER R s WHERBOR , &
0.7 pm 3% 38 27 2k 38 50k U8 BRI B IR W 5 M R 2

500 mL, F] 4 mol - L™ #h FR 155 pH %2 3+0.1; KU
FERUT FEE B KT A [ A A B R KA )
TG AL 0 Oasis HLB /M & 45 H bR MEBL K, A1) AR
W 10% Y B B K T pH=3 (B 4l K AR vk
EEA 2:10: 88 (120 /K — F BE— /K I WOk Uk , 28 PR Rk ot
HLB /N, I WS4 VR IR, #1383k 8 PP 3% 16 1) NHL,
I

B 85 R L A 255 3 25 1 4 B« A A Bk 2.000
g MEREAE &, A 50 mL H BTN R (V:Vv=1:3) , F
100 “CHLYE A HL 60 min $2 HL H bR MW R . IR FEHL
WL KIE IR A0 CHMFE T AWk s 235 1, 10 mL
G TR, SR G 10 mL IE O e MR T IR - AR L,
IR IE C L) B EE R WK TS OB )2
i B 22 250 mLJ5 28 0.7 o B 5 2T 2 8 [ 98 25 B
RETEY, 4 mol - L ER BRI Y pH £ 3+0.1; 4K
FF T A1 7K 3 A T A 2 RURE 8 /K P 3 T8 376 AE 19 O
sis HLB /M3 42 H AR MESCE , 1 FH RS 4l K A B v
JE 5% 1 HBE K WA , 28 H SR B HLB /N, I
WCAR BRI

TR 26 BRI A TS 7 [BDSCR (1 NBRP . BE
AR KU N FR 40 CHAF T Ak 4 208 1, FIARH
W RE Ry 70% (1) /K BOE 45 2 1 mL, JFid it fLAR
70.22 wm WA AILARUE R, 55 1 FH e OB €335 AR
BB EASOE 1t HARMER R -
1.4 BN T E

F)FH 2% [ AB 23 W] ) AB5500Q-trap = = PO AT
JE TS, T S5 30A YR AH €3, ) 15 FhfE g 3 A T R
W (0 1% A 2 ] Shim—Pack XR-ODSII C18 #i (75
mmx2 mm, 1.0 wm) , Ji S AH A I ARFHE R0 0.1% &
IK =B ALK, s A B O HPLC 9% F S . {633 4
U 40 °C, W Sh AR E M 0.3 mL-min™'. i = H Y
WA B 3 0 B e, 78 HL IS 25 2 - I 1 118 X EST-
T, 22 B hy W ASE 5 MRM 414 S HEA TG
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TS A ISR e AR AR P WA 5 s AL R ST
B IRIRE M 550 °C, WS 55 HL [ A -4500 V, AT AU

71 (CUR) 4y 241.32 kPa, Z5 {25 JE 77 (GS1) 4y 344.74
kPa, i B % J1 (GS2) 4 344.74 kPa, fif 1<, CAD iy
Medium , filf 18 < Ay 2 4l A0S

454 A ME 2 (E1-3S.E1-3G . E2-3S . E2-178S,
E2-3G . E2-17G Fll E3-3G ) #: £ 1 B F2 7 : 0~2 min,
10%B;2.0~2.2 min, 10%B~50%B;2.2~3.5 min, 50%B;
3.5~3.8 min, 50%B~97%B; 3.8~5.5 min, 97%B; 5.5~
5.6 min,97%B~10%B; 10 min, 10%B.,

H H A H 2 M % % (E1.E2.E3,OP . NP,
BPA . DES Fl EE2) 6 & U [l #2 ) : 0~3.0 min, 30%B;
3.0~4.0 min, 30%B~93%B; 4.0~7.0 min, 93%B; 7.0~
8.0 min,93%B~30%B;8.0~10.0 min,30%B.,

K NAREE , LA ZE0E R S A 7 dsAs il | 15
| 15 FilE 33 2= A bR [BLSCRAE 70%~110% . H b
MRS BT 2 =R A BRI bR o ih 2k 55
W2 fr R, REIR T 0.998, 55 40 B R KA Hi BR AT
FHAE e BT R A e 1) B AR -

SR

2.1 MBI P BIRENRSE
ARG 0 7 R R SR AGE I 4 T i 28 6 v e
05 SV IR, T3 4 15 ol o 3R A T i S PP 2

Rt o 15 e SR AN [ Wi 23 B A fif 26 A

2

PR R LR 3,

HERE O dFE S H 15 FhMERCER R AR 1 RTOR  [R]
B 2 i PP B LIRS D2 A S M
Z o E, HP E2-176 RiA 636.40 wg-keg's H A M
PR 2 R TG R e K R A, M 281.98
pg kg s BRORIRMERR Ah , HoAth S FPMERCR 46 AN T
A MR BRI Tl b S R Hop T
A Ak G NP i =, W 477.91 pg-kg s
2.2 HEPBALIE X H FRIE R B0 PR AR

ShEA S MM R 5 HAth 6 Fh MR (OP NP DES,
EE2 BPA 1 E2) ¥k i Fifi % HEAE 9 617 2 H5 20 T [
PR AR SRR 2 R . Horp BPA Fil DES 72 HEAE 26 4
d B A% T R ; E1-3S . E2-3S \E2-17S . E3-3G #il
OP YRR £ 50 K A T HEAR 0~4 d, EAE 246 4 d A
Y2439 ,7F 4 d Z )5 B 22 W] I B A T E1-3G .
E2-3G.E2-17G . E2 Fl EE2 1 [ % 32 38 A= T 4 e
4~15 d; B 2 s 13 R v B I EHENIE 36 d Z )5
TR TEHENE 70 d B3 (B NP A1) 3295.75%
NP 7EHENE 2 B v A 5202, 515 4 d [ 20.5%,4~21 d
1B 16.3% , HEAE 70 d B f# 51.16%. Bartelt—Hunt
SEPIIE 5 UE S HE B BE A 8K fR 79%~87% 1 B % .
Derby 8578 HE I A 8] % 30 E1 T E2 S0k BE BRI T
T4% (FRASHENE ) A1 79% (hFSE HERE ) o S5 ACHIF 98 25
FEARL, UE B HENE R 25 B KB 2 MES R 25 0, (H AR

®2 LHBGERRNEET FET KR ESRARHEZ%

Table 2 Parent ion, daughter ion, detection limits, quantitative limits and standard curve equation of 15 target estrogens

W R 2 WXHE 2 [ 3 s EFEHE 15 Y Bt ] Pl 2k e K BRLOD/ 2 R LOQ/
Class Abbreviation K MRM DP/V RT/min Standard curve pg- L pe- L
A MR E E1-3S  349.1%/145.0%%/269.1  -34 416  Y=0.33424X+0.01256 0.999 8 0.011 0.036
Conjugated estrogens gy 36 4452%/113.0%4/174.8  -14 4.04  Y=0.33893X+0.001 33  0.999 9 0.176 0.588
E2-3S  351.0%/80.00%%/271.2  -65 4.16  Y=0.170 80X+0.00149  0.999 9 0.007 0.023
E2-17S  351.4%/97.00%%/80.30 -9 411  Y=0.116 17X+0.008 71  0.998 6 0.642 2.141
E2-3G  447.2%/271.1%%/175.2 -9 403 Y=0.43271X+0.01034  0.999 9 0.060 0.201
E2-17G  447.2%/271.4%%/429.0  —65 403 Y=0.39507X+0.00149 0.999 9 0.064 0.214
E3-3G  463.3%/113.1%%/286.9 -7 0.96  Y=0.271 46X+0.000 01  0.999 5 0.012 0.039
A A HE R El 269.2%/145.1%%159.2  —45 447 Y=0.070 68X+0.000 90  0.999 8 0.874 2915
Free estrogens E2 271.1%/183.3%%/145.0  -34 4.45 Y=1.317 89X+0.029 12 0.999 8 0.050 0.166
E3 287.1%/143.1%%/171.1 =56 402 Y=0.38568X-0.018 09 0.999 5 0.213 0.710
Tl Ak i op 205.0%/133.1%%/189.1 69 496  Y=0.80512X+0.024 91  0.999 5 0.041 0.136
Industrial chemical NP 219.1%/147.2%%/1332  -53 515 Y=1.659 24X+0.25753  0.998 0 0.029 0.096
HEYRF Plasticizer BPA 227.1%/133.0%%/212.2 -39 4.27 ¥=0.332 74X+0.002 33 0.999 9 0.226 0.753
G IR DES 267.3%/251.1%%/237.1  -40 438  Y=0.50233X+0.02136 0.999 3 0.052 0.175
Synthetic hormone EE2 205.1%/145.0%%/183.0 ~ -54 441 Y=1.33997X-0.00557 0.999 9 0.197 0.656

[ e N S i R 7N i

Note: * represents parent ion, ** represents quantitative ion.
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Table 3 Recovery rate of 15 target estrogens and their concentration in fresh manure and mushroom dregs

455 HEES AR Al 22 T Mushroom dregs/ i ZE(H Fresh manure/pg kg™
Abbreviation Recoveries/% RSD/% pe kg™ Min Max
El 83.20 3.88 ND ND 358.2+35.67
E1-3S 93.66 4.11 9.220+1.460 51.09+4.260 140.3+12.56
E1-3G 82.03 2.80 ND 30.59+1.440 699.8+44.97
E2 87.06 12.8 3.210+0.050 166.5+7.980 1136+202.4
E2-3S 90.25 16.8 12.38+1.490 189.0+£10.78 1798+120.3
E2-17S 104.5 5.97 90.34+0.700 120.5+14.94 967.2+64.81
E2-3G 106.1 2.08 ND 31.24+8.690 1902+78.79
E2-17G 115.9 1.37 ND 16.42+4.470 3264+503.7
E3 74.76 11.1 ND 27.30+1.990 249.6+24.82
E3-3G 81.38 8.69 ND 4.400+ND 90.41+£2.410
oP 72.91 1.00 1.530+ND 10.34+5.530 28.57+3.490
NP 89.31 0.12 134.9+86.57 410.2+29.45 879.7+£32.26
BPA 93.20 2.53 14.18+3.060 ND 69.65+6.340
DES 70.54 6.49 6.290+1.180 45.45+8.590 185.0+£5.800
EE2 91.22 5.02 ND ND 415.7+£97.70
T ND 7R ARG H
Note: ND represents not detected.
E3(] 100 [
or[l <
BPA[1 g
EE2[# B
. E1[} E
£ E1-3s[ 1 k|
£ DES[ z
= EF32‘33(; :':_‘ £ O E1-3S W E2-17G —0-NP
& E2- N -@- EI-3G  —% E3-3G —9-0P
% E2-17S —— ¥ <4 E2-3S - E2 —~&+BPA
£ R3¢ & $ E2-175 - EE2
0 ‘ ‘ .E2—3(J‘ > ]‘)Eb ‘ ‘
E2-3G Hi
NP 0 10 20 30 ‘ .40 50 60 70
E2-17G i H‘“m Time/d
0 100 200 300 400 500 600 700 E2 BfRERZAERER
HRJEE Concentration/pug kg ' Figure 2 Degradation rate of target estrogens
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Figure 3 Biodegradation kinetics curves of conjugated estrogens during composting
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Figure 4 Concentration of free estrogens during composting
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Table 4 The estradiol equivalent factor,and the calculated estradiol equivalent at 0 d and 70 d (pg-kg™)
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