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Investigation of As, Cu and Zn Species and Concentrations in Animal Feeds
YAO Li-xian' , HUANG Lian-xi', JIANG Zong-yong”, HE Zhao-huan', ZHOU Chang-min', LI Guo-liang'

(1. Key Laboratory of Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture, Guangdong Key Laboratory of Nutrient
Cycling and Farmland Conservation, Soil and Fertilizer Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640,
China; 2. Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Seventy chicken and seventy-six pig feeds were collected from the feed stores in Guangdong province, and the species and
concentrations of As, Cu and Zn were determined. We also examined the stability of roxarsone (ROX) , one of the most widely used
organoarsenical additives, either in the additive or in the feed at room temperature. The results showed that, averagely, the chicken
and pig feeds contained 3.6 and 6.5 mg-kg™' (As),18.2 and 119.4 mg-kg™' (Cu), and 124.6 and 486.2 mg-kg™' (Zn),
respectively. The excessive dosages of As, Cu and As in animal feeds will lead to higher residue of As, Cu and Zn in animal manures.
Based on the national limit criteria for feed or feed additive, it was supposed that organoarsenicals had been used, only few feed
samples exceeded the As limit, however, the excessive Cu and Zn in pig feeds were much more common. Organoarsenicals were found
in 25.4% of the total feed samples, and As( ) and As( V) were the two most commonly detected As impurities in feeds bearing
organoarsenicals. The mean detectable ROX and arsenilic acid were 7.0 and 21.2 mg-kg™", respectively. Organoarsenicals were
detectable in 24. 3% of the chicken feed samples and 26. 3% of the pig feed samples. Moreover, ROX was commonly used in chicken
feeds, while p-ASA in pig feeds. ROX and the inorganic As impurities, either in the commercial additive or in the feed, remained
stable for at least 30 days at room temperature, indicating the higher As impurities in feeds probably originated from the As impurities
in organoarsenical additives. This is a new As exposure pathway for the producer and user of organoarsenicals and feeds amending
organoarsenicals.

Key words:animal feed; organoarsenical additive; arsenic; copper; zinc
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As(TI) . MMA F1 DMA F i br [BHICR 23 51 4 88. 5
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ASRHRVEEL 3 T RAIZE R (R 1) B, 08
B As FEIE0.1 ~17.7 mg-kg ™', FH R 3.6
mg-kg ™' JEEPT As F i iR IE 67.8 mg-kg ', P
¥ 6.5 mg-kg ™' XGRHAL Cu S HAE 1.0 ~190.7
mg-kg ' Z[E], 440 18.2 mg-kg™'; &R Cu
SN 12.5 ~289.4 mg-kg ' A], FH R Ik 119. 4
mg-kg ' MR 8 = T RYEHY (P <0.01). X R
Zn &N 51.4 ~ 182.0 mg-kg ™', FH ok 124.6
mgkg ™ R R Zn FE N 58.2 ~2976.9
mg-kg ™' -1 Ik 486.2 mg-kg ', B T
R LA R AR R 3 FlOC R A o0
In BEFTE Cu, JFEHE LB ESTE As T .

£1 DYANBRH, ARESE

Table 1 Total As, Cu and Zn concentrations in animal feeds

JLE  WiH X kH(n =70) K K (n=76)
JEFl/mg-kg ! 0.1~17.7 0.1~67.8
As  FH/mg-keg™! 3.6 6.5
ZE5 W ENE t=-1.773
i/ mg-kg ™! 1.0 ~190.7 12.5 ~289. 4
Cu  F¥/mg-keg™! 18.2 119.4
£ WE t=-12.161"*"*
i/ mg-kg ™! 51.4 ~182.0 58.2~2976.9
/n S|Zi’>]/|71g-l<g -1 124. 6 486.2
25 WE t = —4.005""

X REGRLRE R As | Cu Fl Zn & i EATHEL
SYMT, 4 S WL 1. Fae BRI AR R T A AR e (GB
13078-2001) , 5 & FUEHC & 1a REE. As 1% B N
it 2 mg-kg ™", TR ERDENG P R 0 7004 R R (4
A ERA S-S 168 5 ) BLE M . Mgk b ROX Al p-
ASA FRANER 43514 50 mg-kg ™' F1 100 mg-kg ™' (7
BWOAs RN 1425 mg-kg™' Al 34.5
mg-kg ). ANE 1 TR, KR A kL AL As % 54
K AET 2 mg-kg ' BUFEAR Y 72.9% {4 8. 6% )
FEA L As B T 14,25 mg-kg ™' KRR
As T EWMEAMK, A 67.1% MEAGEMRT 2

mg-kg ™', 15. 8% MFEA R T 14.25 mg kg™, A
2. 6% WIREAS T34, 5 mg-kg ™' BRI, L As &
SR, W2 FEA N T A MU A T BeE A | kb
S As T BRGNS , A DB E T e
HEIRINA VLN FECE As & br.

R TR AH 700 22 4l RS (Alk 3B 2
HH 1224 5, X E B E W R Ca FREH 35
mg-kg ™ AT (OIEFUERUNE) | TR KM FIFR
FE 1 Cu BRE:S351°4 200, 150, 35 Fl1 35 mg-kg ™'
FE ARG AR Zn R 150 mg-kg ™', I
TR Zn (N SR 2 250 mg-kg 'L
PEARHE A 5. 7% 88 Cu #BA%, A 40% MY FLME
BE Cu bR, 8% B/ NHERHEE R , O RLHEE A5 2y
0. 7% , I FEF1 58 L8 A5 22 43 501 2 60. 0% Fl
25.0% . 1 Cu HIHEAR LA KRG Bt de 357 i | Uk =2 2l L5
BE AN R O R R AR A 88 AR X XS Rk
Zn T, A 21 4% WFEAS PR, 33. 3% WL KL Zn
Eai2 250 mg-kg” ,HeEE R Zn AR R I F
$(75.0% ) > KI5 (60.0% ) > /N (32.0% ) >
(21 7% ) X ULHIREE Zn MR IE S XSRS 6
JCATNRE LRI AH A s T Ay 32 3
2.2 AR BRI A A

XF T AT LR A 0 AT BIL RS H A7 0 2R AT e it
(W2 2), RIA 21 MEEAK H ROX, K &
14.4% ,ROX & H UL As S RITEAE 0.7 ~17.7
mg-kg "M (ANLL ROX & R IHH N 2.5 ~62. 1
mg-kg ™), EHH 7.0 mg-kg . 7EK H ROX f R
AT AU 1 MEAS R RIS A L e ik &4, 3L
EHARMK e SMEY. b, A 71. 4%
MIFE A Kt As( V), B ik 95.2% 9 FE AR K
As(Il)y, 1 H As(ID) & &8 &, F¥H R 4.9
mg-kg” I Es 16.3 mg-lq{l JEEH BT ROX
(. 7R A R ROX BYREA Hht4 K46 i DMA
T MMA. B IEAT UL, 7646 Y ROX FRDRHE A i, TEAL
i i A7 E 9 B 2% BT, 0 LA As(II) Ry L. 4 i
ROX faBHO AR 25 SMFITE 0.3 ~25.1 mg-kg ™', F
¥IH12.5 mg-kg ' Z ).

[, 2 16 A EDEMEAS K H p-ASA, 5 2
FEAI 11. 0% . Tkl p-ASA DL As 835
H0.4 ~64.3 mg-kg™ (AL p-ASA & A T+ 5 M
M 1.2~186.4 mg-kg '), FH ik 21.2 mg-kg .
TEKG ) p-ASA FEASH A 3 ANFEAC A Al 2% i,
p-ASA FH &N 8.1 mg-kg ™' FIAFHHAs( V)
FIFEAR 5 12.5% ,As( V) HE7E0.7 ~4.0 mg-kg ™'
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] 5 68. 8% AL A [A] By A5t As( 1), o K
0.2~5.1 mg-kg™"'; 5350, A 56.3% MWIFEA [ B A
HMMA , 58 7E0.7 ~ 1. 6 mg-kg ' [A]; DMA #K
RIS . A AT I, As(TI) A MMA J2 46 p-ASA
T E R A T i 3 g 1) AR % BT 7R A T p-ASA FEAR
i ORPTE S BRI 4.7 ~ 65.9 mg-kg ™', ¥ ik F]
23.4 mg-kg ' W & At ROX T RH AR 45
EE X FE A B p-ASA RVFHIEE T ROX
TS

A A 46. 6% MY RDEHEA R K A B, H
FithAs( V) FlAs () Hr i) —Fh el B, & 2 7F 0. 0

Frequency analysis of total As, Cu and Zn concentrations in chicken and pig feeds

~6.7 mg-kg ' Z[H], MUE A B MMAE 0.1 ~7.3
mg-kg ' Z A A 41 4> B 28. 1% [ FAARE AR KA
RIS A Y.
2.3 AU B L2 e RS | R A
1L

XA A BILIIR B TR ARG | R T 32
(F23), 858 58R, 7 17 4. B 24. 3% 038R 6
A BN, HA A A HUN A ROX 1A 16 4, hks
HAVUREEAREY 94. 1% 5 AUA 1 DXGEELH p-
ASA. [ 720 4>, Bl 26. 3% B3RS A WL,
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Table 2 Detection status of organoarsenicals and their impurities in animal feeds (n =146)

K S FEAKL T 42/ % F/mg-kg ™! FHMEH/ mg-kg ™!
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+As(V) 15 10.3(71.4) 0.1~3.3 1.3
+As(I0) 20 13.7(95.2) 0.2~16.3 4.9
+DMA 0 0

+MMA 0 0
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EN oAt ) 41 28.1

1) 4555 P B o [R] A H1 R ML N SRt 2 SRR AR o T A6 1 A LA A AR 9 7 20 4K

®3 HNMFEMFESG, ERPHREED

Table 3 Detection rates of organoarsenicals in chicken and pig feeds
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e H U % M HE % M H 8 %
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Wk 76 20 26.3 5 6.6(25.0) 15 19.7(75.0)
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Fig. 2 As species and their changes in both commercial roxarsone stored at room temperature
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