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Emission characteristics of estrogens in chicken manure based on the metabolic cage test

LIANG Ziwei', LI Yan™, HU Jiawu?, HE Dechun®, ZOU Mengyao'", YANG Ying', CHEN Bingna'

(1. College of Resource and Environment, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China; 2. Rural
Environmental Research Group, South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangzhou
510530, China; 3. College of Environmental and Chemical Engineering, Chongqing Three Gorges University, Chongqing 404199, China)
Abstract: To investigate the emission characteristics of estrogens in manures from intensive poultry farming, the contents of six estrogens
in broiler manure samples collected by metabolic cage sampling for four seasons from a chicken farm in Sichuan Province were determined
by SPE-UHPLC-MS/MS. The results showed that the detection rates of natural estrogens E1, 17a-E2, 178-E2, E3, 17a—EE2, and DES in
broiler manures were 100%, 81%, 91%, 65%, 22%, and 18%, with concentration ranges of 4.51~1 321.55, ND~269.23, ND~307.62, ND~
60.35, ND~12.18 pg- kg, and ND~10.31 pg- kg™, respectively, indicating that E1 and 178-E2 were the primary estrogens in broiler
manures. Estradiol equivalent (EE(Q) was used to evaluate estrogen activity in broiler manure. The EEQ of all samples ranged from 10.80
pg kg to 1.080.22 pg-kg ™', and the relative contributions of the six estrogens to EEQ were: E1>178-E2>17a-E2>E3>17a-EE2>DES.
The average daily emission of total estrogens for each broiler was 43.75 pg- kg™ with an EEQ of 28.66 pg-kg™'. The significance analysis
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results showed that there was no significant difference in the concentration of estrogens in the manures of broilers fed on the same farm, but

significant differences were observed in the type and concentration of estrogens in the manures of broilers fed in different batches. The

concentrations of estrogens in the manures of broilers fed in summer and autumn were higher than those of broilers fed in spring and winter,

which indicated that the estrogen concentration excreted by the broilers fed in different seasons was different, even for the same species and

feeding mode. Therefore, the effect of sampling time on the experimental results should be fully considered when studying the excretion

loads of estrogen in poultry feces.

Keywords: chicken manure; estrogen; emission characteristic; estradiol equivalent
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1.5.2 R ETK I

R 4 A2 TR ME ARk Hh 07 25 K A I S B s LA
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A QoS MERM R HHEUR , pg-d s MEC . 45 Hir
ISR 2R ) S, g e gty WWs kg 5B P XS 24 1
SRR A ke d T H RIS 5K %,
1.5.4 Bdahb B K Geit24 43 bt

K H Excel 2010 % 3 % 4 , >k ] SPSS Statistics
20.0 H ¥ 2 5 22434 (ANOVA) Fll Tukey HSD 55 )5
o 36 %o 4l AT 22 5 3 P 43 B, 4 Originlab
2018 il [l .

2 #EREW®R

2.1 AIIGEEHMERERA S BRI
TE AT 19 6 Bl ME R R P, 9N TS O R

(17a-EE2 . DES) A H, N IR PEBE B & (E1. 17a-F2,
178-E2 E3) HAT & & e 2 ks i & it (R 1) .
W I8 2 2 KB/ IME IR E1>178-E2>17a-E2>
E3>17a-EE2>DES; E1 . 17a-E2 fl 178-E2 (-3 &
091 280.94.62.02 wg- kg F172.02 pg kg, 7
543 5 49 95.88.10.84 wg-kg' F121.45 pg-kg'; E3.
17a-EE2 Fl DES [} -3 7 73901 7 4.15.1.84 pg-kg™
F11.30 pg-kg, E3 B ALEAL T & 7 R (LOQ) , 170
EE2F1 DES I AAEY A H (ND) o PARSSEHh 2
BELLNTEPEMERLZE E1 .1 7a-E2 F1 178-E2 Jy 32, E£HIN
X5 HP PR e R TR R IR T N TR R

AN TR RIF T iR A XS A i P S R A Sk
BB (F2) . M T IABS, AR 5ERE 5
E1 &5 i F HALWFSE , 178-E2 )& &K A 24
VAN DK (Ol = B R DS N N D ES Y 1
2002240 (R FEfICF LIS BFoT 45 122, Bk
AT AE A TR Be X G2 1 b Rl AR P R R B B
VR 2T T 1o DA R AR K BB 1 O A5 AN TR
BN, A5 e HoAh 2% 5 A B 9 8 e B g 3 A
A OMER R R VR B SR AR BTG
B R AE RS SR FE S D
2.2 ABEFEREHENSTHTHERSE

PRI XS 2B 5 v 6 ol 38 28 1 7 il K E/N
RN HEZESTR TS HTS>E (R 3) . 4RI
MEEL 17a-E2 ., 178-E2 Fl E3 £ 2 2= HA 5 5 kG
PSRRI HR i, LA R RIS 100% , 5 A 43 5]
7854.91.184.87.154.53 wg-kg ' H19.96 ng-kg'; &2
O 9 2R R 1 SR RIS B R R IR, B B 1A R R
100% 4b , 17a-E2 . 178-E2 Fl E3 43 51|} 40% . 67% Fl
37%, & e B 43 5 R 13.23.1.59,4.98 pg - kg Al
0.57 pg-kg s N A HUMER ZE (17a-EE2 .DES)7E 44~
Ze T RE P ARG RIS S k. B R
il A5 B S R LA EL L 1 7a-E2 F1 178-E2

®1 AGEFSRPOMBEHRIE(TRE, =120)

Table 1 6 estrogens content in broiler feces(dry weight,n=120)

WL Estrogen YW Range/(pg-kg™')  H{H Median/(pwg-keg")  FII(EH Mean/(pg-kg')  FrufEZESD/(pg-ke') Kt # Recall factor/%
El 4.51~1321.55 95.88 280.94 51.15 100
170-E2 ND~269.23 10.84 62.02 10.99 81
176-E2 ND~307.62 21.45 72.02 10.61 91
E3 ND~60.35 <LOQ 4.15 1.22 65
17a-EE2 ND~12.18 ND 1.84 0.37 42
DES ND~10.31 ND 1.30 0.25 35

TE :ND FOR AR H 5 <LOQ FoR MR TE hH R . Tl

Note :ND means no detection ; <LOQ means below the limit of quantitation. The same below.

1% WHART]
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Table 2 Comparison of 6 estrogens content in chicken manure reported in different literatures (pg-kg™)
H1IX District £ Samples El 17a-E2 17B-E2 E3 17a-EE2 DES 275 3Lk Reference

117 A (n=3) 21.1~22.1 — 11.3~15.7 12.9~14.5 ND — [18]

it NI (n=6) ND — ND ND ND — [31]

WL ENG (n=6) 2.3~27.0 — 22.6~73.0 ND~12.9 ND~2.0 — [31]

I 1 TR (n=3)  9.4~12.8 — 52.2~60.2 11.8~13.1 ND — [31]

BRI (n=3) ND — ND ND ND — [31]

X (n=1) 26.6 — 191 8.71 5.19 1.23 [19]

MBI NG (n=4) — — 38.62 289.84 14.28 — [20]

X (n=18) — — 2.27~107.95  292.78~1387.25  ND~18.18 — [21]

BEXG (n=12) — — 38.6 298.8 14.3 — [32]

e X (n=20) 28.72 — 3.95 7.4 ND — [22]

ESE F#& (n=1) 442 92.7 149.8 — ND — [23]

F&(n=4)  54.15+18.60  2.68+0.22 4.98+0.88 8.13+1.75 — — [24]

X (n=12) 41.4 — — — — — [33]

pu i PIAY(n=120) 280.94+51.15 62.02+10.99  72.02+10.61 4.15+1.22 1.84+0.37  1.30+0.25 A3

s "R TR K .

Note: “—" means no relevant data.

FL,5 AENFEELELM178-E2 ., 3R H &
R R R ) TR S R AR AN R R AR
RIS A (B fE AE B 22 5 (R 3) . R R ZEffirp
El &t & & T8 OMA 2 2Rk R R G 25
F17a-E2 FI178-E2 )& B 5 m T HRBMA S,

AR, & & W AHE e R 2 2 1R
Be sk GRBE W DGR ARSIz . XS5
EPIE MO BE UL B R 18~26 °C, B RIREE Rl &t & &
Ty 52 BRI T T B0 A3 ML e & 2B 2L L R U
FEIG R ST ARG B 22 55 | (0754 A MV 3R 40 Wb S5
LI R 2 R 2 B RK 2R R[] 2 TR RS HE
T A B R T AR D 2 25 S, TE T TR G SR Hh M
RIHE B DS, N T AN [R] 2515 1 5 & (i vl
PR W HECRRAE PR 2 | 36 G B R A sl B — B 1] B
TR BN A 2 S 1l s A I

23 KRB EERRSEERELR

S 7 A 0 2l 49y 1) M R R RO DL F) 22 5, fek ]
B ) 7 2253 BT (ANOVA) X 5 20 15056 A XS 2 il v 4 Fh
AR R G P R MR S R A R AT 22 e
PEOI T, SR AN A s o A0 H PR ERCR S 04
8] PARETE 0.35 LA, RV 2l ) 0] 4 A6 33 o<
A BA BETEZE S (P>0.05) , R ALK IR SR
FIR A XE 1 A ) ) A e 80 R 5 B SRR D), TE 25 22
S, A BRI A [A] ELEEUAR (] A PR RS 75 P4 DR R
HEA 5 T f8 A1) 22 5 1] 1L 220
2.4 WEHERFEES

W R 0 T T R SR AR v R Y
HROBEEQ) . IASREN(H D), & 2 kL
7 A X FERE i rPOE S 3 Y L 23 i Oy 39.27~
146.30, 474.88~1 080.22, 180.32~378.44 g - kg™ Hl

R3 FRAETABEEFHEHAZSESH(THRE, 0=30)

Table 3 Concentration distributions of estrogen in broiler manures in different seasons (dry weight,n=30)

E1 17a-E2 178-E2 E3 17a-EE2 DES

FOOFE O Rk RO @k FR O Rmk FR O Bk FR Rmk FR B
Season  Concentration/ Detection  Concentration/ Detection Concentration/ Detection Concentration/ Detection Concentration/ Detection  Concentration/ Detection

(pgkg) rate/% (pg-kg") rate/%  (pgekg')  rate/%  (pgekg')  rate/%  (pgekg')  rate/% (pg-kg')  ratel%
% 82.73+11.36h 100 6.57+0.86¢ 100 14.53+2.37b 100 2.79+1.78ab 67 0.62+0.12a 27 0.62+0.12a 20
"% 854.91+64.08a 100 184.87+11.78a 100 154.53+17.41la 100 9.96+3.67a 100 3.21+1.09a 40 1.95+0.56a 40
BKZ 118.84+11.44h 100 51.58+3.51b 100 135.03+10.73a 100 2.84+1.64ab 70 1.97+0.75a 40 1.80+1.00a 30
A7 13.23+2.52h 100 1.59+0.91c 40 4.98+1.58b 67 0.57+0.11b 37 1.60+0.49a 40 1.000.15a 47

T AN )N P RERORZE AT IR 22 57 .4 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant seasonal differences at P<0.05 levels.

WWW.Qes.019.CN
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x4 ABMEHMEAREEZE RS (n=60)

Table 4 Analysis of individual differences for estrogen emissions
in broilers(n=60)

Wi Estrogen  AEfhSample  SI S2 S3 S4 S5

El s1

s2 0.95

s3 100 0.96

s4 097 1.00 098

ss 099 1.00 1.00 1.00
170-E2 s1

2 0.98

s3 100 0.97

s4 100 1.00 1.00

ss 1.00 097 1.00 0.99
176-E2 s1

2 0.96

s3 1.00  0.89

s4 099 1.00 0.95

S5 099 1.00 096 1.00
E3 sl

2 1.00

s3 100 1.00

s4 038 037 035

S5 099 099 099 0.64

10.80~71.66 g - kg™, ¥ ¥{H 53 51 4 (76.08+9.92) |
(728.19+39.52) , (243.89+21.62) pg - kg F1(35.10+
2.60)pg-ke's B ZEXGIEFE TP EEQ s, &Y
B o i 2.7 65 KRIRZ , & Z il B2 i 1 6L
EEQ T2 E1 I 178-E2 5Tk, A7 Lk 435 - 69% Fi
21% ; B ZEHE 5L B B EEQ 2 i 178-E2 F1 E1 5iHk,
7 A3 51 R 55% F1 29% 5 4 ZE R 5 () 5 EEQ FHXT
i, FZ MR AT A RMERZ 5THk , 17a-EE2 F1 DES [
07 L5 40% F123% . M AANZETRERORE -1

SVEEQ 7 (270.81+64.07)pg- ke, EZH E1 M1 178-
E2 BTk, 5 HL 4350 R 58% M129% . ELAR N T4 A
PR AT = DM R A T (AR 58 PO 2 i rp
F14) 355 23 0 AT 2y D U R 35 2wk, SR G
FRFE ) 2R PR XU R R T PN YR R R
FIHET
25 ABEFEDHENEBHINE
HRPEATLIGAF T 25, %3G 5 P XS H P35
FEE N 0.14 kg-d ™ ZEE VKRR 76.7% , S B
KGR P G ZE(E b 6 Pl R H HE R, 25
RIFR S, BPIRXGEEAE 6 FlERLR 1024 H T3
HEl R 43.75 pg-d', BLEEQ 4 28.66 wg-d™,
F ZHANG V5B 1 EEQ(0.66~12.78 pg-d™) ,{HA
BT FIAZR 0 H P HE R EEQ S 5 HAHIE
X022 S AT RS HY AN Gy ok B BRSO 22 S 3
1o LA b 25 2R3 WAL SR0BE 2R 10 H 4 i i 10 4 2
PR 25 R SRR K 2R 7 SEAE N, AT HE A S T
AR

750
_ OE1-EEQ
"o M 170-E2-EEQ
£ 600 W 178-F2-EEQ
k- W E3-EEQ
< 450t B 170-EE2-EEQ
-% B DES-EEQ
2 L EE
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s
S
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i I_ﬁ
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B CES T s
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1 PIXSEE R o FMMBEHNENEEQ B (FRE, 0=30)
Figure 1 The distribution of KE(Q contents for 6 estrogens in the
feces of broilers(dry weight,n=30)

®5 ABHFEFHEHEBEHBE(FHRE, pg-kg',n=30)
Table 5 Daily estrogen emission in feces of broilers (dry weight, pg-kg™,n=30)

WK Estrogen #7Z= Spring 25 Summer K Z Autumn £Z5 Winter F-¥{E Mean
El 8.76+1.68 90.47+9.01 12.57+0.83 1.40+0.17 28.31+8.55
17a-E2 0.73+0.06 19.57+1.85 5.46+0.42 0.17+0.08 6.48+1.85
17B-E2 1.62+0.19 16.36+1.83 14.29+1.04 0.53+0.13 8.20+1.72
E3 0.30+0.20 1.05+0.39 0.30+0.17 0.06+0.01 0.43+0.14
17a-EE2 0.66+0.01 0.34+0.10 0.21+0.10 0.17+0.04 0.20+0.04
DES 0.07+0.01 0.21+0.02 0.19+0.10 0.1120.01 0.14+0.27

b 11.54+1.68 128.01+9.37 33.03+1.58 2.43+0.21 43.75+11.66
HEEQ 8.05+1.05 77.08+4.18 25.82+2.29 3.71+0.27 28.66+6.78

T 270K 6 PR ) HAEUE

Note: “X” represents the total daily emission of 6 estrogens.
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