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Characteristics of heavy metals in chicken feedingstuff of the Huang—huai—hai Region

Dina TURSENJAN"?, JIA Hong—tao', WANG Nong®, YAN Cui—xia'?, LUO Wen-wen’,JI Yi—ning”™’, SUN Yue—bing™

(1.College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Key Laboratory of Original
Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key Laboratory of Agro—Environment
and Agro—Products, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3. College
of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to strengthen source control of heavy metal pollution from poultry farming, 180 kinds of chicken feed samples in Huang—
huai-hai Region (Beijing, Tianjin, Henan, Hebei, Shandong, Jiangsu, and Anhui) were collected, and then analyzed the concentrations of
Mn, Cu, Zn, Cr, Ni, Cd, Pb and As in chicken feed samples of different provinces, different culture species and different growth stages. The
results showed that the amount of heavy metals varied greatly in the chicken feed in Huang—huai-hai area, the contents of Cr, Mn, Ni, Cu,
Zn, As, Cd and Pb in the feed samples were 0.05~9.91, 52.59~726.68, 0.02~6.84, 12.74~458.70, 34.09~594.78, 0.01~3.98, 0.01~1.96 mg-
kg™ and 0.02~10.76 mg- kg™, respectively. Compared with the Feeding Standards of Chicken the content of Mn, Cu, Zn in chicken feed was
over rate of 99.1%, 100%, 69.0%, respectively. Compared with the Feed Hygiene Standard the content of Pb, Cd in chicken feed was over
rate of 39.7%, 23.50%, respectively. There had some extend differences in feed heavy metals among different provinces. As a whole, the
contents of heavy metals in Anhui Province were highest, and while it was lowest in Tianjin. The maximum detected contents of Mn, Cu and

Zn in feedingstuff of laying hens were 680.86, 458.70 mg- kg™ and 580.27 mg- kg™, respectively, and in the feed of broilers it were 726.68,
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399.07 mg-kg™ and 594.78 mg-kg ™', respectively. The average concentration of Mn, Cu and Zn was all over Feeding Standard of Chicken of

China. The feed of laying period of laying hens had the highest heavy metal content, and while it was higher in the middle and late stage

feed for broiler.

Keywords : heavy metal; feed; laying hen; broiler chicken; Huang—huai-hai Region
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SR 180 CHER 2 1~2 mL, % £ 50 mL, % A ICP-
MS (Ultimate 3000-iCAP QC) Xf £ i of 5 4 J& Mn .,
Cu.Zn .Cr Ni,Cd .Pb Fl As & 7 % .
1.3 HES

a8 FH Excel 2010 43 A7 Y{E FIbR 22, SPSS
15.Origon 8.6 HAT4E 1152 &

2 HR5E
2.1 BEBMXANPESESERE

Ph 22 2 ], v VAR XU R R O TR R 4 R
T AR AR AR, TR i P Cr . Min \Ni . Cu . Zn \ As |

®1 BEBMXANERSS

Table 1 Distribution of feed samples in Huang—huai—hai region

FAG K} Laying hen feed

A X a8} Broiler feed

i g e p . it
Region EE(EE] =YD PR GOp| i =2 ] Total
Brooding period Breeding period Laying period Early stage Metaphase stage Late stage

T Henan 12 6 10 7 5 4 44
Jt.5 Beijing 3 3 3 6 3 3 21
11 7R Shandong 15 2 3 2 4 3 29
]t Hebei 5 5 4 6 6 2 28
T Anhui 3 3 3 2 2 2 15
YL Jiangsu 10 2 5 3 2 3 25
Kt Tianjin 3 2 3 4 3 3 18

JEL Total 51 23 31 30 25 20 180
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Cd 1 Pb &% 43 [l 43 51124 0.05~9.91,52.59~726.68 .
0.02~6.84 . 12.74~458.70, 34.09~594.78 ., 0.01~3.98
0.01~1.96 mg-kg ™' #10.02~10.76 mg- kg, HI{E 23 5 K
2.99.306.12.2.03.75.69.205.49 .0.84 .0.35 mg- kg il
4.20 mg- kg™, 1ZHb DX I A RDRHEE P Cu F i AR 5
ek, HIRE As \Cd . Cr Ni Zn Ph Al Mn, 53 FE
T SRR E) (NY/T 33—2004 ) & B AH L, B i Mn
Cu Zn #BFR 20549 99.1% . 100% .69.0% ; 5 Rk 1
AR HE) (GB 13078—2001) #H L , 1R BHFE f v Ph . Cd
TR RSN 39.7% . 23.5%, Cr, As 75 T HRAT A
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i, AR, YA AR Ph B AR RN 9.38%.
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SEKEFESIE(95% L F)BEZE R HEH AN, Hod
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F S F ST IR ST R > L Z >3] b > Kt 4 R
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0.05) , T Fg 5k AR e Rz B 25 55 1 2 (P<
0.05) , FoV- 45 75 45t plt e B A3 31 R 22 > V93> 1] g >
INAR ST AL SIE 5> K HE s AN [ 44 T 4 kL As  Cr
o A R (Al 98 AR RRE) (5 mg kg™ F 10 mg-
kg!) o HAJE NS EAER M L AR JE
ZIAJC I 3 25 5 (P>0.05) , VLT3 V&8 R Z A] 22 5+
35 (P<0.05) , HooF- 35 8 fik iy s BUIRAK IR R 2 B> 1L
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J& Cd S35 2 543 5115 % 0.71,0.70,0.57 mg - kg™, 4%
Wi R AR FRE (0.5 mg-kg™ ) 8 1.42.1.40.,1.14
A T AR AR . R b R R
4@ PhF-2 & 43 51 4 8.29 .6.48 ,5.98 mg - kg, 43
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Table 2 Heavy metal contents in chicken feed of Huang—huai—hai region

ikt B 4 JE 1 Heavy metal content in feed / mg- kg™

T H Ttem
Cr Mn Ni Cu 7n As Cd Pb
KA Max 9.91 726.68 6.84 458.70 594.78 3.98 1.96 10.76
/M Min 0.05 52.59 0.02 12.74 34.09 0.01 0.01 0.02
SEH{E Average 2.99 306.12 2.03 75.69 205.49 0.84 0.35 420
FRUELE STD 2.44 110.21 1.53 83.50 134.75 0.84 0.36 2.65
BRRECY 0.82 0.36 0.75 1.10 0.66 1.02 1.01 0.63
ko Vi1 __
Lﬂ%%;@i%/g((;l% 13078—2001) 0 o . . o 5 0.5 5
Feed Hygiene Standard
X TFERRHE(NY/T 33—2004) 60 _ 8 %0 _ _ _
Feeding Standard of Chicken
HFRE Ove rate/% 0 99.10 0 100.00 69.00 0 23.50 39.70

TE e DA [ ek T A B ) R CHS R TR ) 2 BR VDB AR 4 (R AR 3 =T Bl it B30/ A 0
Note: According to the {Feed Hygiene Standard) and {Feeding Standard of Chicken) for the standard rate (the determination rate=the number of

exceeded samples/the number of samples).
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Figure 1 Heavy metal content in feed of different provinces in Huang—huai-hai region
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P E 4 JE R IE TR B H AT S A
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INRDBHIE Sk A T 4 S a0
23 AEGMMEANEEESEN

P 2% 3 R, ¥ VA VA e DX X A PR XS ) Hp 4
J& Mn,Cu . Zn & 4 1 3 E QIR SRR e ) , b 2
XS AL Mn |, Cu  Zn 35 55 5 KA HS 124301 4 680.86
458.70,580.27 mg - kg™, HAR K 43 51 4 100% . 100%
84.7% , XS T RL R Mn | Cu , Zn 25 5 e KA H 00 1)
M 726.68 . 399.07 . 594.78 mg - kg™, # Fr F 4> 5] K
97.3% .100% .66.7% . FEAF1 R A )k} 88 4 J 7
TE Mn, Cu.Zn Z [0 22 5% g 3% (P<0.05) , Ifl # 42 J& Cr.
Ni,As.Cd.Pb &g Z [ o B & 2 5 (P>0.05) . &Y
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Table 3 Heavy metal contents in feed of laying hen and broiler chicken

T4 )8 it Heavy metal content / mg-kg™

Ui H Ttem
Cr Mn Ni Cu Zn As Cd Pb
AL Laying hen feed
T RAB Max 9.91 680.86 6.84 458.70 580.27 3.98 1.96 10.76
5/IMA Min 0.05 101.47 0.10 15.38 40.62 0.01 0.01 0.08
SFA{E Average 3.21 318.46 2.45 80.65 221.53 1.13 0.42 4.65
PR STD 2.40 116.93 1.59 83.48 134.21 1.06 0.41 2.70
A5 RECV 0.75 0.37 0.65 1.04 0.61 0.94 0.98 0.58
PR Ove rate/% 0 100.00 — 100 84.70 0 29.20 50.00
PR 5R ) Broiler feed
FeRAE Max 9.51 726.68 6.20 399.07 594.78 3.56 1.96 9.92
H/IMH Min 0.10 52.59 0.02 12.74 34.09 0.01 0.01 0.02
SEA{E Average 2.30 287.79 1.46 59.61 183.30 0.63 0.28 3.84
PR STD 2.35 112.24 1.07 57.59 128.87 0.65 0.28 2.52
AR CV 1.02 0.39 0.73 0.97 0.70 1.04 1.00 0.66
TEARZ Ove rate/% 0 97.30 — 100 66.70 0 12.80 36.90
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mg-kg ' LL}% 9.92 .1.96 mg-kg ™", 15 (IR TLAE bR v ) B
FERIPb(5 mg-kg') .Cd(0.5 mg-kg")F AL, MY
T B 42 Ph . Cd 5 i B AR 2R 4 51 50% Fi
29.2% , XG53 514 36.9% F112.8%
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N HFREIRGET] IS T ) Gk o s i i 45 Fh i
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Cd.Cu . Ni As ¥ 2 [A] 22 PRV, AR 45 R —
.

2.3.1 HXGAIR A F AR E AR Y

P P12 W26 o VA e X XS AN [ A 7 0 )
As Mn Ni.Zn 7 2 W GRDEES 5898 [ 43 00 4 0~3.90,
101.47~680.86 . 0.26~5.43 , 72.33~580.27 mg - kg™,
S it R B MR I > B > FAEN . R
G SEOIE Y R B, AR NG 7 v 0 B A T DR
Mn Ni & 535 T A A a4 E s e x5
AL R—E

FENGH MR P E 48 Cd P Cu & d i
H o 89 B4 Bk 0.12~1.02. 0.08~10.08 ., 30.17~
457.58 mg- kg™ B AW EKLH Cd P Cu % 40 51N
0.01~0.54,1.06~9.11,19.57~425.33 mg-kg™'. ;=M
T kEH Cd Pb. Cu 7 i i T & 40, Xt 5 ) v g
GO LS FARAT , & A A E U EC G AR o 4
J& Pb.Cu & it fie iy o AR Cr & R/NRI N
PR > F AR>S B RN, HE I 4 R 0.22~7.63
1.68~4.59.0.23~5.82 mg - kg, 4 J& Cd . Pb Fl Cr &
APRAE LT ORI R IZ R 4R A MY
S ARSI T H B e FE AR A K LT,
T4 e Cr i i 2 3 sl W I B 0, Ak
F,EAG R E I E A S RS, X ] R
T ARHE AR A K BN, B E LR
. R, 7 B Y B XS AR (A AR O T i — A
IR A & .

2.3.2 WXGAIR A WAL E 4 R i

P P13 R 26TV VAR M X PR S FA R Cd T Ph £
70 BB T 49 914 0.04~0.89 mg - kgt i1 0.02~8.97
mg - kg™, HF 3 43 1 1k #1) 0.02~0.57 mg - kg Al 1.05~
9.85 mg - kg™, 111 J& I U] 43 51 4 0.03~1.52 mg - kg™ Fl
0.88~9.92 mg- kg™, HoP i R/NRI N 51 > Ay >

L R 4R CufERTI P R I R
Rl 43 51 A 22.78~399.07 . 16.70~96.04 , 24.55~259.71
mg kg, HAEAEINRINET > FIH > b, W
XSGR REH As ONi L Mn 9 & A S A 0, 430 ik
0.02~3.56,0.17~6.20,106.70~726.68 mg- kg™, T Fij 1
BB RAK, 4 9 0~2.95.0.02~3.48 . 52.59~488.14
mg kg o RAGTARLH Cr. Zn & B AE I B, 43
ik # 0.14~7.45 . 33.20~489.54 mg - kg', J5 1 &% &
i, 43 % 4 0.10~5.52 . 30.09~545.80 mg - kg Mn,
Cu . Zn 55 5 43 J& 76 {aDRHEC J5 Hho2 5 W m iy oo &
B mEa e sh P E K AT, AR L
VE R SR 3 25 55 A TR DG 2%, N ZE DR rp 3 i
I, SR R IEP | TR 35 S 58 A & U EE 4 J& Ni 7 1]
RHERE S R (H R DI R S IE R AR KW
TCFFEANG N

SR E o5 B RS TR E AR SR
RS R TIRHAE R KT  emE 3. ARk
FEE A RIS IR B, S R BUR R R R E AR
BB AT HESRNESRMYEREALKH, 5%
HE AR O B R TR SRR, S
T GRS Y, IR A S A B A T A2
FEE A 2979, I, XS A o s DR B 4R
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3 #ig

(1) ¥ i Hb XS J L H Cr M \Ni,Cu.Zn, As
Cd 1 Pb 7 5 43 %) 24 0.05~9.91 , 52.59~726.69 . 0.02~
6.84. 12.74~458.70, 34.09~594.78 . 0.01~3.98. 0.01~
1.96 mg - kg™ F10.02~10.76 mg- kg™, 5 (X §a 55 b 1)
Clalk DA BRUE ) SR EA L, 1Dk 3 4 JB AP A
[Fi) A2 B2 P B 1 O

(2)AN[F)AA T XS DR EE 4 i & AR — R 22
5, M FORER LBAE XS RE T E AR S o
HET A AR b A A, A A T DR As F Ce
A 2R UE, T Cu Zn Mn & B E T Z

(3) G N A XG4 REH Mn  Cu Zn 75 S 3810 7
FE IR FRARE) , AR, 7 8 I A5 0 R o 4
J& e, U IR A R 4 R T R

S 0k

[ BB Wk, A& Bk, 5. IREE G FRF10E Y0 K EF5E[]).
Fp [ Al B IR 5 X R, 2016, 37(12) £ 62-69.
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Figure 2 Heavy metal content in laying hens of different growth stages
JU Chang—hua, RUI Han—yi, ZHU Lin, et al. Partition control of live- [D]. frdE - Al K2#, 2009.
stock and poulty breeding pollution in China[]]. Chinese Journal of Ag- ZHAO Lu. The utilization and environmental effects of livestock waste
ricultural Resources and Regional Planning, 2016, 37(12) :62-69. nitrogen in Huang—huai-hai[D]. Hebei: Agricultural University of He-

(2] 86 B . U I X A 6 2 PR AR R R R B LR B AL T bei, 2009.



2610 RN IFERIZ 2R MEIRYE S BRE:

_ 6T _ 201
0 50
= =
&0 &0
£ £ 1.5¢  °
IHE 4r i 2
o SN o
% g x o g % S 10 N
—_ P — <
Wi of b x ¢ > o T T3 Toe
ey g I SZos [ e e °
e e | N S
= N/ SR
;; ok E ¥ % = of * % & %% x|
GOg:] b A i P JEH
ASTA] B HH Different periods ASJA] B HH Different periods
- 10001 _ 8T
Z ¥
2 s00f . o6l < g
iﬂm E ﬂélﬂﬂ E
b & O
= 600 N 8
ok & 5 4f . ~ < T 8
4 — = ® s
i %g 400 F % ﬁ £ g R -
= - 8 L
= = zZ. 2 &6 &00 o >N
g 200} & %‘ .l HIREN &
i ¢ = oF —= L &; = Qy‘b%&
= oF z
S Hir i JE i
AN [H)E 4 Different periods
- 15y - 8001
0 o
i =
;JEQ éED600
~ ~ I o o
02 10F ° N I = x o
&2 2 : [ 2 L
;e R B €400t 2
H3 N 4z 2
=T st =Y & st >
o E o P e & o E g
=~ e N =200 = <5
k: s 8w L jer £ ¢ T
= 0OF L g = R RS2
A~ N or
GO rhg =2 U] i T S
ASTEIHH Different periods ST Different periods
- 6001 - lor
e |
£ ER I < o
0§ 2 400F x © 15 = L °
&2 04 b1 et
E 3 ° I S o N
g % H5 al @
i & 2007 3 e 2
Sz Lle, I Szl '
= == 3 = LR '
_;:: ok - w -~ % '—E 3 <
(&} o ok T SaRks T RRIRD, TW
COpS) g J5 1 Fi 389 g J5 1
ANJA] Bt A Different periods ASTA] B Different periods
E3 AEEBEHNABAKPESERE
Figure 3 Heavy metal content in broiler feeds during different growth periods
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