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Characteristics of estrogen degradation in livestock manures during composting

HAN Jin"?, CHENG Peng—fei', ZHOU Xian', WANG Jian', LING Wan—ting"

(1.Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University, Nanjing 210095, China; 2.Suzhou Built
State Environmental Restoration Co., Ltd., Suzhou 215000, China)

Abstract: The aim of this work was to investigate the characteristics of estrogen degradation in livestock manures during composting. Natu-
ral estrogens containing estriol (E3) and 17B—estradiol (178-E2), were detected in chicken, pig, and cow manures from farms in Nanjing.
The synthetic estrogen, containing ethinyloestradiol (EE2) and bisphenol A (BPA), were also detected. Experimental composting of three
livestock manures was conducted, and the concentrations of four estrogens were detected at 0, 2, 4, 8, 16 days, and 32 days. Cow manure,
as a representative of all manures, was composted under different turning frequencies (i.e., never turned, turned once every two days, and
turned twice every day) to study the impact of turning frequency on estrogen degradation. The results showed a high concentration of native
estrogens detected in all three livestock manures. Chicken and cow manures contained synthetic estrogen. The EEQ values of estrogen in
chicken, pig, and cow manures were 3 595.86, 268.84 g-kg™', and 1 207.12 pg-kg™', respectively. A high contamination risk existed in all
three livestock manures. The residual rates of EEQ in chicken, pig, and cow manures were 10.1%, 10.6%, and 0 after 32 d of composting,
which showed that composting could significantly reduce the risk of estrogen contamination. The initial concentration of estrogen had a sig-
nificant impact on their degradation when various estrogens were detected in livestock manures. The estrogen with the highest concentration
degraded faster than other estrogens. Furthermore, estrogen degradation changed with microbial activity in the manure piles. Microbial ac-
tivity was most active during the mid—stage of composting, and the degradation rate of estrogens was higher during this period than during

the early and later stages. Turning the cow manure pile increased its oxygen content, which significantly accelerated estrogen degradation.
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Thus, turning the manure pile during composting was effective. However, there was little difference in rate of estrogen degradation between

turning once every two days and turning twice per day, and the increase in turning frequency did not significantly influence manure com-

posting.
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Table 1 Physical and chemical properties of four estrogens

[21-22]

4K Estrogen 43 ¥4 Molecular weight/g- mol™ pK. 1K, T Solubility/mg- L™ Z€S & Vapor pressure/Pa EEF
E3 288.4 10.4 2.60 13 6.7x10° 0.26
178-E2 272.0 10.5 4.15 438 2.3%x10° 1.00
BPA 228.3 10.7 3.94 13 4.0x10°* 0.05
EE2 296.4 113 3.64 120 4.5x10™" 8.71

1 EEF AR MERCE AT T 178-E2 A5G M 24 0 R4

Note: EEF is the activity equivalent coefficient of different estrogens relative to 17p-E2.
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Table 2 Physical and chemical properties of the composting raw materials

J5UEL Raw materials 7K # Water content/% N/% P/% K/% HHLIT Organic matter/%
X2 Chicken manure 74.27+1.50 2.78+0.04 3.90£0.10 3.29+0.12 55.20+1.20
%2 Pig manure 73.52+1.85 2.27+0.04 4.96=0.08 0.56+0.01 70.59+1.20
4-% Cow manure 75.87+2.10 1.8420.02 1.1020.05 0.99+0.01 82.49+1.45
B Leaf 10.24+0.14 1.14+0.02 0.24+0.01 6.300.25 92.12+1.52
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H 10:00.,14:00.20: 00, 4l B 14k A 3 {4 0 sty
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SR WD, V)40 )y 2R, 0~5.0 min 38 &/ & S
K 2 300/450 nm, 5.0~6.1 min 38 & /& 5K Ky 280/
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310 nm, 6.1~10.0 min ¥ &/ & 55 3 4 24 300/450 nm,
10.0 min Z J5 UK R ST 4 280/310 nm

JIT 8 ST 43 B 7 9 9 2 S LA 1.00~1 000.00
pg- L7, HARSEPE R4F(,>0.999 5) . E3.17B-E2 .BPA
HEE2 B9 bx [ 24 75.1%~104.6% (RSD=1.5%~
5.3%) . 81.0%~117.0% (RSD=1.7%~5.7%) . 78.6%~
100.8% (RSD=0.6%~2.1%) 1 79.3%~88.4% (RSD=
1.4%~5.0%) , K th PR 435124 3.35.2.13.,5.01 . 1.12 pg-
kg™
14 Gt 5404
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Table 3 The estrogen concentration in three livestock manures before and after composting

3% Chicken manure

pr s Pig manure

43 Cow manure

W E HENE R Before  HEAR)S After WREAE HEAETT Before HEARJS After HRE R HENE T Before HEAR 5 After R
Estrogen composting/ composting/  Residual composting/  composting/ Residual composting/ composting/  Residual
pg-kg™ pe ke rate/% pe ke pneg-keg! rate/% pe ke pe ke rate/%
17B-E2  297.29+47.56 134.62+14.83  45.5£5.0 252.00+25.08 22.17.00+0.69 8.8+0.3 109.14+10.52 ND 0
E3 769.18+129.45  76.54+12.08 10.0+1.6 66.88+7.34 24.27+0.66 36.3+1.0 ND ND 0
EE2 355.75+35.50 24.00+0.14 6.7+0.4 ND ND 0 126.00+11.47 ND 0
BPA ND ND 0 ND ND 0 12.46+0.84 ND 0
EEQ 3595.86+390.42 363.92+19.19  10.1+0.5 268.84+26.99 28.48+0.86 10.6+0.3 1207.12+110.42 0 0

EEQ R 173-E2 16 M ¥R 4 s ND o Ak sl Ik 4 H FR .

Note: EEQ is the activity equivalent concentration relative to 178-E2; ND represent not detected or under detection limit.
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Figure 1 Change of residual rate of estrogen in chicken, pig and cow manures during composting
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Figure 2 Change of pile temperature and residual rate of estrogen

total in three livestock manures during composting
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Figure 3 Change of the residual rate of 17—E2,EE2,BPA and total estrogens with different turning frequency during cow

manures composting
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RIS, Bl AR R T A A RE A A
PR AR A 55 o e A B B TR 52 A a3 3fk
AR B B2 PR B TR R ), HE AT R I T PRI AN
Y T A B L A Wi S A 55 U R P AR DL
XUABTRI G 2R TN S5 A A 2 R R I S
BF, 349 % I = B 8 2S5 A T o R v IR R A R A
EIAHRES I TE R R ZE R

22 WO 35 58 37 % 17 B A 2880 308 R T 4 100
P S HE B it FH 2 AR T A AL B s o Zheng SR
BB EEA 28 178 -E2 & it 153 pg- kg, F AR IE
14 d J5 5% B %0 24.18% , X RLAF B 2835 38 X8
FERI R L gErh, B AR fR 8 d S E2 5k B 50 h
50.08% .58.84% .54.92% . A 5% hoH BEAE 2 A2
R 17B-E2 % & 4 252.00 wg - kg A1 109.14 pg-kg™',
TEHENE 8 d ISk B8 28K 22.29% F11 27.4% , HEAE 16 d 5% B4
FM13.7% F19.7% , T Zheng ST A1) H 4R
TN B e i B LA 4 R, A2 17B-E2 7EHE
HE 8 d 116 d I 5% B2 K 70.1% F1 61.7% , AR5
FE P NG FE b b & A B i 0 E3 FEE2, P
S5 1TB-E2 58 4 A o T X BRSO AR 2 B2 X
FEGM IR G AR FRAE B S5 AR T

http://www.aed.org.cn



gk, 55 F B N A MR AR

2019%9A4

FLSE B . TEMENEAE 14 d, A A HIRE 3 B2 5% B R 1Y
INTF25%, 2 B2 5% FE R RS KR F 25%. (R,
HEMEAHIC LI MR SR T AR E A
Fz it 2] A+ 58, HENE A F) T R AR R T Y XU

ARG A HE N 2 A rp o HE R R T H — R Ab
PG R, AH T AN BHAE  HEAE 32 d B BPA L 178-E2
BB Ry W 58.1% .29.5% A E 0.0, HEAE 16 d i
EE2 BB R, 2850 K — BHEAL B, EE2 5% B
1 20.0% FEAKE] 13.9% . RIIL, 8 3 v i 2 B
HE T AR o Ml PR B R . 8 PRI I T S
K E R B AR, R B 17B-E2 [ A 5 5 BUfE 47
AT HIRAESM T K 15% A4, 1 EE2 £E 475
SAF N HOIRAE S K 34% Fidi o SRR 0]
TG VA 147 U5 B £ BPA, & I BPA 7 R A A 5%
AN B B B i T A D SRR B R 9 1Y) IS B A
Stanford ZEP%F 178 -E2 . E3 . EE2 7 W4 48 ZE{# IR 40T
b3t At R Y B A R R T IS, 25 SR R BUME I R AR IR
SEAME T AR YRR A R AR TSRS . R,
AT 3 X6 A A B M A AT LA A SR
Ty 4 A G TR, DT 82 o8 T 0 3R ) R A R B
TR 5 P H — B R — 9 B0 M Ak P 1 3 %
R oI B 22 5% . RN RIHES R &, R
EL T IR A DRk 0 At 286 o sz T A A T IR
5 ASF TPk R ), DRI, A 4l 3 A SR 5
TE G ) RHHE AT o A HE IR

4 #ig

(1) =P & 88 2500 5 4 A S Wk B 1 R AR 3R
REOZEFNAR 20 00 N 1A IOHERCER  TRS 2 2 A2
(35 PE 24 & EEQ (B4 91 4 3 595.86.268.84 .1 207.12
g kg™ AETERE R A E S 2875 e KU

(2) Y47 & FE 8 b Z R0l A7) BE R B
i 2 W A PR e b R v A LA R I i
R IR AR A R B HE IR N B 0 T sl A
HERE H AR 00 Bl S BR O R R R R e T
HE N A

(3)TEHENE 32 d, X8 3% JH 3% 4= 3% EEQ 5k B K4
34 10.1% . 10.6% .0, HE AL AL BRAR K AR E 1 REAR T
TS YL A .

(4) XoF 2 2 HE AT E 17 0 M A 2L, 35 2% AR A I
TR, DR, 7E S HE LR 1 e A o AR S AT
P HEAR R o M H — B — B R %
fiff T B S 22 5 30 BHHE R BOE A R IR R R R
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