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Investigation and analysis of heavy metals and antibiotics in manure from large—scale meat duck production
in Hebei Province, China

MA Jin—zhi', ZHU Zhi-ping"", LU Lian-shui’, ZHANG Wan—qin', XUE Peng-ying', JIANG Xu—dong'

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2.Hebei Dongfeng Breeding Co., Ltd, Cangzhou 062350, China)

Abstract: In order to explore the characteristics of heavy metals and antibiotics in manure from large—scale meat duck production in Hebei
Province, heavy metals in feed and manure of eight large—scale meat duck farms were monitored in August (summer) and October (au-
tumn) 2019, respectively. In April 2020, the heavy metals and antibiotics in manure samples were investigated from 17 large—scale duck
farms with different breeding methods (4 breeding ground; 5 litter breeding; and 8 rack breeding). The results showed that the heavy metals
in meat duck feed and manure were mainly Cu and Zn, and the content showed Zn>Cu>Cr>Pb>As>Cd. There was a highly significant posi-
tive correlation between Zn in feed and manure (P < 0.01). The Cu, Zn, and Cr levels in manure exceeded the German Compost Limit Stan-
dard. Under different breeding modes, the antibiotics in the meat duck manure showed tetracyclines>quinolones, whereas sulfa and macro-
lides were not detected. The concentration of antibiotics in the manure showed ground breeding>rack breeding>litter breeding. Studies
have shown that litter farming is a mode of meat duck farming that emits less environmental pollutants.

Keywords : meat duck feed; meat duck manure; heavy metals; antibiotics; large—scale meat duck farm
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ARG . el AR i I P 421 36T R

AL A AR N — A 2 = S 314.7 -
do FE A — FU G 4 IR 0] 42 PSR 2019 4R
F ] PRI G 2 75 7 AR iR 5] 0.58 44t RIS 285 TP A 7E
HEEMN P KFEFF R LG R MY R
5 Je Wy oo, A BRI A (-5 75 G PR 0L
Jto A BEATAS B G B AL BRI, 2o R 75 4 |
WL MG b i A fE . F AT, B & & IRIE IR St
FEEEE PR G TSR EEE S LT
WS SRR FEIWT R U S 2S5 P G R
SPAER NSRRI SEARIE . Rk, A 2250t A
FT P E RSP R HEHCIR B IR A, S P 2
TR AL BN 2 4 ik B A AR HE R 22 A HR

1 MREFE

1.1 H#m*E

WG & 8 ShiAd R HEBOTRE S A K
Z A A R A O BIL, DUAEKE AR
A0 TG R 58 Xk 5, SRAE b AT b A TR G 78 =
B——ak B 7 B RS L ARG 25 . T
20194E 8 H (EZ=) F110 A (BkZE) i A4 Wik B 1) 8
TR R ST S T RN 2 15 A S P A s o i
IFTF 2020 4F 4 JT LR 7 B R 354 7 R4 17
FIREAL TS F2 583 (1 5 b TR R AE 4 R KL FRAE S
EMEFFESF)MEE , o EE R S A RS
Ho

b TSR A RO SR FE O ARG T4 5 b T ok
filk i SR B A X, G IR R 3~4 Hem 5 B B SR
TE B Hb T — 7 o LS I SRR, (45 PO S 15 2 fii A4
il i FRAE A A IR 4~5 Hem 7 AR AR ALY
TRk 35 75 58 S I ARRE) A S i A ekt . iRDRHRE
i B3 IR 37 RAE (IR 3 PR A7 2805 0 )R
£ st A RAAHE (8 28T I R B
(GB/T 25169—2010) FRAEHAT
1.2 lRE

For AN [ 24 (R G ) e 55 28 7 vh B 4 ), SO [
S AT AP ESESAR. E4EA
5 Cu.Zn As . Pb .Cd .Cro PUAERMIEPUIA KA (PUIR
R ZUHR SR IHR) WS (RERWELE fif
R IR st e ] Y A s g e — Y B g ) — 4
W IE Tk i 0T AR IE s e FH AR ) R PR RS (2%
IR ABR) VTN RN AL AR A

1% WHART]

DR BRIV E) BT 17 R
1.3 #M 7 E

# 4 J& Cu.Zn.Pb.Cd, Cr % ] HNO-—HCIO. 1}
it = VT IR A e B RE TR |, As SRR F 28 66
DA BB 5% WA TAERIBR HERE 5 GSV-2 47 it
SR PR FOR P RO A — E I T
E A RIS (IR SPATRE BREd) i ik
1.4 #iELbIE

1 Jf] Microsoft Office Excel 2019 3475 4 4b 24 7f:
VEE RIS S5 R E I +hr i 227 FoR . R IBM
SPSS Statistics 25.0 4 71 2 VA 56 FAH SR 20 #r , LA
P<0.01 ERESWBE, P<0.05VE 2 F 0204
Wi it

2 ERG5H

21 AAETFTABEANMESHESESET LIS
fiE
2.1.1 AN[E)ZE0T RS fRDRL R 42 8 1 SRR

PR e et 4w e E A R LR 1, R
ek v 2 T 4 R T i A 25 R, B CuZn
F,As Pb Cr.Cd & &AL, 204 £ H Zn>Cu>
Cr>Pb>As>Cd B ALAE . 1RVEL Cu Zn 19 % 5 2 =43 5]
J3(15.18+19.79)mg - kg F1(20.89+3.79 ) mg- kg™, Fk 7=
435 A (8.88+2.32 ) mg - kg™ F1(99.86+12.33 )mg - kg ™'
Xof PR DR v 5 R R A T A A3 A, TR Cu Zn

1 AASHABEARTESESE (mg-ke)

Table 1 Heavy metals content of meat duck feed in different

seasons(mg-kg™")

Seasons ii?;ly; ii‘i’l’}; Distribution ~ Median 7 I Content
H%E  Cu 8 520~63.80 830  15.18+19.79
Zn 8 16.40~27.60  20.15  20.89+3.79
As 8 0~0.30 0 0.040.11
Ph 8 0~0.90 0.10  0.21+0.29
cd 8 — — —
Cr 8 0~1.60 0.80  0.76x0.47
®E  Cu 8 6.70~1400 870  8.88+2.32
Zn 8§  81.50~116.00 99.95  99.86+12.33
As 8 — — —
b 8 020-0.80 035  0.41:0.22
cd 8 — — —
Cr 8 050~130 085  0.90+0.29

B — R . TR

Note: "—" indicates not detected. The same below.
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R E A R SR 16% .82%., WA [A] 2T AT
TRk B 4 R EAT T 25 0B BKR TR Zn 5 AR R
ERTHEZEP<0.01) ., KPR T AERRHE) (GB
13078—2017) "1 As . Pb . Cd . Cr i FRHFREAS 501y 2.
5.0.5.5 mg kg, AW T A B As Pb.Cd.Cr ¥y
HAbR . MR T RO H 2625 5 A5, Cu Zn R =
FRUESY 50 25,120 mg- kg™, AR IRIG N E FH 12.5%
FIRE i Cu AR , LR S 4 R AT
2.1.2 RNRIZETT ARG 3ETS T E 4 & B ARIE

ARV ZE1Y PTG 2 95 Hh B 4 o el 2 R L
2o AN[RIZETT PG 2SS v 5 I 4 B i o0 A1 5 e ek
EHM M. RSP ETESE SR N
TER R ZSR VA CaZn h F 3875 Cu Zn Fr i 545
54 (73.18+8.58 ) mg - kg A (115.01+17.50) mg-kg™,
a3 o B 2R 4 R R HE IR 1 36% .57 % 5 Bk ZE 41 5]
M (62.05+7.58)mg- kg™ H1(538.75+97.75) mg-kg ™", 43
5 Rk ZE T 4 R B HE R Y 10% .87 % . AN ZETT
SR HERCRE R RN TR S X RS 2SS
W 4 B IR TR RS HT 285 R Cu Zn i A 3R Ts
4R BN 16% .80% . Xf AN 27 A S 28 75 th
S B IEAT I 2000, HZ TG Cu B it i S TR
(P<0.05),MKERGH In S BEEFT In ST
4.66 15 M EH T EE(P<0.01), MKIECAHLIEE
FRyfE) (NY 525—2012) , As.Pb . Cd . Cr f BR 45 i 43
WA 15.50.3.150 mg-kg™', AFZETT RS 25 4
Ja 4 A R A o (] 2 R 4 i PR o A o )
Cu.Zn.Pb.Cd.Cr % BR 5t A5 #E 73 51 2 100,400,150,

R2 AEETHBESHEEEEE(ng-kg)
Table 2 Heavy metals content in duck manure in

different seasons(mg-kg™)

iy BRIEABC ey oK

v - A'\E
Seasons Heavy ~ Sample Distribution Median H ™ Content
metals number
e Cu 8 53.20~95.70 73.10 73.18+8.58

Zn 8 88.00~146.00  113.00 115.0117.50
As 8 0.40~6.00 2.00 2.38+1.20
Ph 8 1.50~8.10 2.90 3.46+1.24
Cd 8 0~0.15 0 0.04+0.06
Cr 8 3.20~16.70 6.80 7.41£3.22

T Cu 8 47.10~68.80  63.85  62.05+7.58
Zn 8 330.00~650.00  550.00 538.75+97.75
As 8 0.60~8.90 1.20 2.38+2.76
Pbh 8 1.00~15.00 2.40 431+4.64
cd 8 0.10~0.20 0.10 0.13+0.05
Cr 8 2.80~41.00 525  10.88+13.02

1.5.100 mg- kg™, A4 AR e, Bk Z2 3605 Zn 45 87.5%
PR
2.1.3 AN[AZEAT ARG falk 5 2T vh i A B AR OGS
EVEN i

Xof AN ) 255 PR R D} 5 2V v B G T A OGPk
AT AT, ARG DR 2695 v Zn S B3 IE ARG (r =
0.96, P<0.01), Bifalkl i Zn i 5 A, 2815 Zn Bk
B £ , Cu.Cr.As . Pb JC i 3 AH ¢ M (P>0.05) , Cd
PR Ak A ARG HE St A LA AR M . g 2 i gt
Tl B 45 R 4 5 20 0 LA KT 7 e P 2% Pl B 4 U R
BHOREC N BEBAS, CuZn As P Cd . Cri) ZFLR
B4y Bh 1.34~12.06.3.59~8.12,0~5.67 . 1.43~38.00
0.2.15~13.50, FH ST R E0CR0 )R} v & 01 i 4 ) 48
PRI TS A PR HE HE 357 H B T R TR R 1 R A
22 AAFEAFRAABESHEESERNEZSE
HHE
2.2.1 AEIFE 7 ARG 35 T 48 O B RE

R30I, AR FRAE 7 T W3S h 4R
T ERHIE R I SO ZE A — S0 LA, DA CaZn
. HuTE FRAE Cu Zn % 5 40 5k (102.95+18.53)
mg - kg F1(435.75+270.94) mg-kg™, 5351 7 17 575
T4 JE MR Y 18% . 77% 3 R FR 8 Cu Zn & &
A3 5049 (112.00422.44 ) mg - kg™ F1(303.60+81.64) mg-
kg™, 43 o HORL IR 5 T 4 E R HECR 9 24% . 66% ;
B 1 F- 3% Cu Zn & 57351 4 (95.60+41.36 )mg - kg™ il
(577.13+161.42) mg-kg™", 7351 5 W _E -5 5 4 )@ A4
HEBE 1 13% . 78% . X AN[F)F5 58 )7 X R g 235 h
& B AT I 22001, W V3R Zn 5 D T
BEFRFE (P < 0.05) ML TAIFRFE AT As 5 1 B 25 = T 1
- F% (P<0.05) o s (A HILAE BHAR ) (NY 525—
2012) , As.Pb.Cd. Cr B FR 3 5 1t 43 991 15.50.3
150 mg-kg ™', AFFEHH T T RG2S hE 4w PR
FEAR o KM [ g 2 HE BB 5 4 J@ R & AR 1 ), Cu
Zn .Pb.Cd . Cr i FR 545 #E 43 511 24 100,400,150, 1.5,
100 mg- kg™, HiTHI FRFH 2215 Cufd 50% HbR \Zn F5 25%
AR, BRI 2ETS CufF 60% AR \Zn A 20% HFx,
W |- 72875 Cu B 50% H bR . Zn £ 88% A .Cr A
25% HEFR
2.2.2 AEIFE T ARG 3 TS thbi Ak 2 5 mRHE

A FRAE T AN G AR SR R4, |
FRA 3 FPFRAE Oy T TS 2SS rh 8 Al e A &
2R R IR N RSP AE R R . PRI
DU A 2R 7E M 1T SR G HORHRAE L BSR4l

WWW.QEs.0r9.CN
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K3 FRAFEAXNARESHFEEESE (ng-kg")

Table 3 Heavy metals content in duck manure from different breeding modes(mg-kg™)

H M Types 48 Heavy metals FEA%L Sample JE [l Distribution FRA7 4 Median £ 4+ Content
T Cu 4 82.00~124.00 102.50 102.95+18.53
Zn 4 291.00~842.00 305.00 435.75+270.94
As 4 1.70~4.90 3.25 3.28+1.66
Ph 4 3.60~10.70 5.75 6.45+3.40
Cd 4 0.10~0.20 0.20 0.17+0.06
Cr 4 11.00~22.10 16.90 16.73+5.89
BRI Cu 5 79.50~133.00 118.00 112.00+22.44
Zn 5 193.00~419.00 313.00 303.60+81.64
As 5 0.80~3.20 3.10 2.42+1.05
Pb 5 3.00~7.50 5.80 5.54x1.69
Cd 5 0.20 0.20 0.20+0.00
Cr 5 5.60~84.80 24.70 35.72+30.86
[ bR Cu 8 52.60~184.00 88.65 95.60+41.36
Zn 8 376.00~827.00 612.50 577.13+161.42
As 8 0.60~2.50 1.35 1.4620.72
Pbh 8 1.70~7.60 3.15 3.70+1.84
Cd 8 0.10~0.20 0.20 0.1620.05
Cr 8 1.80~116.00 51.85 58.79+46.67

R4 FRAFEAXNTABESHRERSE

Table 4 Antibiotic content in manure of meat duck under different breeding modes

" 1 Content/(ng-g™") Kt 2 Detection rate/%
Ej; Hb I FR HORHRIE WS- HbTET 75 HORH R WP
Ground breeding Litter breeding Rack breeding Ground breeding Litter breeding Rack breeding
i e s — — — 0 0 0
Tl iz Jok — — — 0 0 0
T i [ FY S — — — 0 0 0
i e — e — — — 0 0 0
T e ) — Y 4 e — — — 0 0 0
T e Xt YA e — — — 0 0 0
T i F e — — — 0 0 0
T e — — — 0 0 0
PUERZR 0.43+0.06 0.32+0.02 0.43+0.19 100 60 375
EQUEIS 0.45+0.19 — — 100 0 0
BHER — — 16.03 0 0 12.5
+&HF 45.22+27.72 — — 100 0 0
RIRHR — — — 0 0 0
AR — — - 0 0 0
WHRTD A 2.62+2.41 0.71x0.42 0.33%0.01 100 100 100
Ezk R 10.000.15 10.96+0.83 9.69+0.06 100 40 87.5
VIR — — 4.42+0.12 0 0 25
Bk & 12.02+11.90 0.76+0.05 0.70+0.02 100 80 75

90.43.0.32.,0.43 ng- g, K H R IK S 100% . 60% FAEFERIR], &R 16.03 ng- g7 K HE N 12.5%
37.5%. ZVPGIRER G L3R U SR AR A I 2, 7353 WS i Bl S HP A B T VD L A M TR SR A OB IRAE L
70.45.45.22 ng- g™ K RN 100% . 4285 2 UM W FE S 9 2.62.0.71.,0.33 ng- g K Y

1% WHART]
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R 100% . WS T T 24 v 17 4 3 0D 2 A T 77 4 4R R
FEHH W E V3R B B 43500 10.00.10.96 .9.69 ng -
g K R IR R 100% . 40% . 87.5% . MBS TR Y
WD B PR ORI i 4.42 ng - g
R R A 25% o M A I 28 Fp 4SBT U L A b THT SR A
BB FRFE W EOF SRS 4 0 12.02.0.76.,.0.70
ng- g, KRR R M 100% .80% . 75% ., NS5
DU AR 2% S R T T 218 5 k43 ) o7 A AT AE R T Y
55% T 45% , %F RS 275 th bt A R ilFAT 7 22 00, 1
AT S 78 P B B TR 0 B2 R VD B 43 i) Rkl SR A R
WSS NV R AR AR B R
(P<0.05).,

3 g

kDR & & A K R PR A B IR ) B A 220
fo, FErp A R O AR R A A U A A R P b 75 119
Py AIETE RS B A T P B e e R B
PA Cu Zn 0 T B AT, 5 B R EI0F 5 — 20, HIA
M5 275 HAFTE Cu Zn  Col R BLR , 5 2l iUHR S50 0
WALEHE 8 P ES RS EHE RGN ES
J& BRI 3 LAY JE Cu . Zn Cr AH— B, 43 H7 7 A= 19 i
2 Cu Zn S s A KR f T T R | REGE 1E S W)
AR E, Cr RS IR A B a5, R, Sy 1 4t
PEAS IR, S AR 223 Cu Zn  Cr BB INA
P =, (B A DI g s I, 4 Rk 2 B bR
FeToHE BB P AL, AT T EUA S 2675 7 Cu Zn
BB HAFAE Cu Zn Col PR (B R o TR, AT
Feigak B, T AR A it FH ER B AAR B T5 5 B 1A G E
< Je SRR AR PR A PRt X PRSI E  rh
R AT AL T, RS 2 T Zn B IEAR DR OG
B, IX 5 URER SRS P A 0 SR 45 SR A — B, Cd 1 1)
BRI AR RS B T R S EA R
AN, X 5 Wang ZFEIEFE 245 R — B, 20 Hr Cd 1
Fe 15 B R BUAY A] BRI IR SR IR T R Cd b ST
A BN AR Zn SRR B E S TEZF(P <
0.01), 73-#r J5t PR 2 B ek op 45 i Ak F) Zn BT LA 55 50
PR B A H R BCRE, A O , ATS A 5
A TR, SR B R H G A AR R I, TR R R
S5k JRE O BT, T R B v A ARDRL 9 Zn BT LR R
i, TS B A AR Ty H AR

TE A A R v, S B B 5 e A I, 22
XA FH 25 P AR B R P AR 2R I 25 it
AR R PUFR R RIS, S DU FR R 2>

A A IS BRI, L PP R S AR R N RO A
X SAER AR X AP AR R A R
LA — B I HOEPIIR R BT RE RS
e FE MY HH 0P A e A, T ASBIE 5 P G 295 v P B
R s, A RE AR K B T MG IR IE P i g fi
FilEE . 3 IRAE Jr AP SR HR i S B e T R 5>
W _E P 3% > OB IR FE 19 L, Ul W] HORL SR B R E AL T
SN TR i1 T o o (S e SR E T W D B
PUA R HE RO L R BR AR (5 48 0 S AT e v 1)
R AR L, 76 A WS IR S8 A R 3
MDA R A

4 ZEig

()TNt A5 B Ak IR 55 58 il b} 5 2875 Hh 45 0
EEEGTRZAAAELES  ELR G EL CuZn N
F, B Zn>Cu>Cr>Ph>As>Cd 1 HE . Tk 5 3
15 H0 Zn S B IEASE(P<0.01), HES R &I &
GBS RN FIREEE ) SR UE I ARG 2T h 4 )8
TR TR B

(2) 4 72 o) g o A 4 g B o b ), Tl b
B FBAL TS S5 58 3728 15 P AFAE Cu Zn Crlibr ., 3%
TG PIAE R FEOR PUPR RS TSS , H2 B
PRZ 2> M A A 2 0 LA 8 ORI R A P T 28 48 oA
Kot o DRI A PR 5 4 P 0 T T A S P A R A
FHFNHE AR 7 [ 8

(3L B TS SR A S 2 15 h E 4R St
AR AEARTR BT TS R FRFE AT R 22 k.
AR ZEYE EE S EACRE /N T REE S B HE,
ARl R A A T AR 2R AR 5 B TR A >
OV FRSHORL IR I R, 22 ORI A AT LS
DA TP HERL , & — R FR AR

Sk
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