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Abstract: To investigate the effect of the Fenton-oxidized composting process on the removal of estrogens in manure, this study
determined the concentrations of four estrogens—estradiol (E3), 17f-estradiol (17B-E2), bisphenol A (BPA), and ethinylestradiol
(EE2)—in cow manure at various time points (0, 3, 12, 24, 48, 96, 192, 384, and 768hours) using the Fenton-oxidized composting
process. The influence of Fenton's reagent and citric acid on estrogen removal during Fenton oxidation were also examined. Results
demonstrated that after 3hours of treatment with Fenton's reagent and citric acid, the residual rates of E3, 173-E2, BPA, and EE2in
cow dung were 15.10%, 2.65%, 9.90%, and 11.44%, respectively, which were significantly lower than those observed in the
non-oxidizing reagent treatment group. Following 32days of composting, the residual concentrations of E3, 17B-E2, and BPA fell
below detectable limits, while the residual rate of EE2was only 2%. Additionally, seed germination rate analysis during the oxidized
composting process revealed that the seed germination index of Brassica chinensis exceeded 50%, indicating that the composting
products exhibited no apparent toxic effects on vegetable seeds. Consequently, the Fenton-oxidized composting technology can
effectively accelerate the removal of estrogens from livestock manure, thereby facilitating its resourceful and harmless utilization.

Key words: Fenton oxidized reagent; composting process; cow manure; estrogens; removal; seed germination rate
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Table 1 Physical and chemical properties of four estrogens

ZH E3 17B-E2 BPA EE2
531 C15H2403 N Ci5H240, Ci5H;60, CaoH3,0,
g "
STk i:t>“ ijﬂgig Jii§i5
23T (g/mol) 288.39 228.3 296.4
logKow 2.81 2.2-3.64 3.67
pKa 10.4 10.7 113
VAR (mg/L) 3.2~13.3 5.4~13.3 120~360 4.8
EEF 0.26 0.05 8.71
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Table 2 Selected physicochemical properties of cow manure

and rice husk

- FKE L AR B IS8 st
T H H &

p
(%) (gkg)  (gkg)  (gkg)  (gkg)

3 74.26 8.15  924.02  36.20 2.20 24.60

fE 10.24 6.12 147212 11.40 0.24 6.30
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Table 3 The conditions of the manure composting
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96.7%.

TSR U7 R A R i R )4 E3 BPAL
17p-E2 M1 EE2 BEATIE, I 4 Fhis 4o -3
W UG S o i 1.04~1.18,3.67~4.96, 1.16~
2.22,7.80~8.18mg/kg. bifi Ji5 , 75 — & HE il I [7] py P
HE AR 2 MEVR R B IR U S IR S R MR
B B R (R, %) HE JEAE b wp M B3R 1 9k B R A
AR

_ HESE R R (mg/kg)
MEBL VT UA S B (mg/kg)
1.5 MR

AWFFR PP R 25256 K VPAY Fenton 4H AL
HEHI S A WU IR 2 Ve Pp 7 R 2E S0 7 ik S
W (A N RILRNE AR AT bR vl -3 8 20 HE

x100% (1)



6 3] JE AR SRR S E S A R (14 R 3405

AR (NY/T 3442-2019) S AR 5 SCk2e 27 HL ok
EEAE TR B HE 140 1590d) 4 2= 28 RT3 1) A 31
(32d) AR T S 2R TRK Y 1:10 LUBIR A FERRIR
1(25°C,250r/min) 4R 3h, 50 R WS
JEAT F P K DB AN TG TR A 85 FR 1L P 3 AT TN
50 Fu_L g5 A F(Brassica chinensis)( H B 5 45501
LA BRAE)D, AL SmL B4R TR I, DL
alizK o N R — A 3 AN R (n=3). 2T 25C
TR EE TR T RE TR 3d ST, 20 ) s HE N5 0 FERE b
o R SRR () RURR AR K (mm), v 57 2L A7 X
RAFZF(RSGY%) AT A (RRG %) LA K K 2 F7 4k
(GL,%).

oo IR R R o
KR R TR R ’
WEIRRE S A TR

O im0 G

GI=RSGxRRGx100% 4)

1.6 Sit504r
SEEGEHE 248 Excel 2020 FiiAb#E 5 H IBM SPSS
Statistics 22 HLEKIZE /7 2543 T(One-way ANOVA)H
) i /0N 3 3 M 2 SRy (LSD)BEAT AN [ A 3L 1] 45 I 45
B P k25 0 2 S A 50, L P<0.05 AN [ Ak 2 1)
HA 2 PR 28 5 6T P S Ak 3L TR) 1 BE AR FH

SEREAS T I8 (B X 8] 95%)HEAT 20 #r b, Hop *
RO ML= EHA B EMEZEREe<
0.05).45 Jri %1 Origin 2018 & fH-4E K.

2 HRE5SH

2.1 SRR A R 2R AR TR AR A A

TKE, GAHEFICR(B A B 5
B DA HE A 5t 0 1) T L HR AR 2 /K RS2 R M
ORI EZERN Z 2 —. 1 1(2)T7R,1E 768h(32d)HE
LR 4 ASHEAR ) B KRB OREFAE 50%~70%2
(i) 45 Ak B2 HE A ) 5 7K 238 AR A 22 S A /DN, 3 BH 250t
SR I N HE 25 7K 2 845 W 2 5 .

pH E R R E N 2 G H I pH H
AT HE EHEAE AR AEHEREW Y, S HE AT LG pH H
SN 8.20.Fifi A HE AT S ] A E A AN INATAS IR (1) A FR A
D3 XS4 D1 ) pH (ARG A A8, pH fH IR R
11 8.0~8.5 Z BT I AKX TR I AL BEZH D4 v e pH
H BEHERE I [R) (R 5258 NS BT TE 3h
I,D2. D4 AT pH (I BIEAL, 73514 7.3 F1 6.3.
Bt I TRD (R SE K pHL i S8 BT HE A X R A AL
R I NAE — B FEFE ERRAR T i pH A, M BE A
Fenton 480 A4 ] (1) B4 HEAR TR AT WL 24 2R K
E A/ MR pHAE T et o) A A pH (B HT A

100 9.0

1200

—{1-D1-O-D2—-D3 /- D4 —{1 D1-O— D2 D3—\ - D4 —{1-D1-O-D2—<C-D3 S~ D4
1000
A
2 = 800
- o L] \
t z i 600
& 4or =
1 & 400t
20¢ 200}
(a) HKE (e) AHLR
ol v e ol o o
0 3 12 24 48 96 192 384 768 0 3 12 24 48 96 192 384 768 0 3 12 24 48 96 192 384 768
eI 1] C(h) S (D He A Ch)
150 40 50
—{3-D1-O-D2 <>~ D3-S/~ D4 —E}—D1—O—D2—<>—Ds—v—D4 0~ D1 -0~ D2~ D3 -~ D4
e £
= =
E, =
# E
poc] o]
8_
(d) BE (e) i (f) F

b
0 3 12 24 48 96 192 384 768
HEIR ] Ch)

b L
0 3 12 24 48 96 192 384 768
HERII ] C(h)

ol
0 3 12 24 48 96 192 384 768
MR T (D

BT S A e AR B AR A A 0

Fig.1 Change of physicochemical properties of pile during Fenton—composting process
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Fig.3 Effect of citric acid on estrogen removal during cow manure composting
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0 2P S TR R RR 2R A A R 75 P, SCRT DA HE

DX R ZER MY & 4 R 5 a] g HE R
ﬁE AT BT P SRR B AR K R A 5 L
i, BT (Brassica chinensis) & 5 A AR K 5
fi%h 93.58%F1 33.33%, 5 151 4 98.55%F1 47.29%.
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Table 4 The effects of oxidative composting process on the relative seed germination rate and germination index of Brassica chinensis seeds

g1l R R 2F 2 (%) REFIRHU(%)

0d 32d 0d 32d
D1 96.66+1.86ab 98.63+2.66bc 40.4+5.58ab 49.71+2.42¢
D2 98.55+1.85a 106.38+1.46a 39.78+7.23ab 61.97+18.34ab
D3 93.58+4.12ab 101.21+0b 31.13£1.71c 54.92+0b
D4 94.63+5.73ab 95.344+4.09¢ 44.47+6.63a 70.05+4.31a

T S (bR O 22 7] 50 Bl J5 AN RN 'S 7 REROR IR

- [ AN R AR FEAE P<0.05 /K T 1 2 57t i 35
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Table 5 The effects of oxidative composting process on the
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