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Accumulation of roxarsone metabolites in soil and availability to plants
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zhou 510640, China; 2.Academy of Natural Resources and Environment, South China Agricultural University, Guangzhou 510640, China)
Abstract: Roxarsone is an organoarsenic feed additive that can be degraded to other higher toxic metabolites after animal excretion. To in-
vestigate the accumulation of arsenic metabolites in soils and vegetables after degradation and transformation of organoarsenic feed addi-
tives, feces excreted from chickens fed with feed containing roxarsone were used as organic fertilizer for Chrysanthemum coronarium plants.
After harvesting, the composition and content of arsenic compounds in soils and different parts of C. coronartum were measured. Results

showed that the degradation products of roxarsone in chicken manure mainly contained arsenite[As (Il )], arsenate[As( V )], dimethylarsin-
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ic acid, monomethylarsonic acid, 4—hydroxyphenylarsonic acid, and other unknown arsenic species. Only As(Ill ) was detected in shoots of

C. coronarium; however, two arsenic species, As(Ill ) and As( 'V ), were detected in the roots of C. coronarium. Chicken manure containing
roxarsone metabolites had significantly higher(13.8% + 0.4%~37.4% + 6.5%) As(lll) in shoots, and significantly higher[112.9% + 4.5%~
123.2% + 6.5% As(1ll ) and 44.4% + 2.6%~78.0% + 5.1% As( 'V )]in roots of C. coronarium than that in the control treatment. The addi-
tion of chicken manure containing roxarsone metabolites also significantly increased the content of extractable As (Il ) and As( V') in soils,
with elevated rates of 49.1% + 4.4% and 33.4% + 2.3%, respectively. In chicken manure containing roxarsone metabolites amended soils,
there was 4.9% + 1.0%~20.0% + 1.2% of extractable As(Ill) and 11.7% + 2.4%~18.0% + 4.7% of extractable As( 'V ) higher than that in
the control chicken manure amended soils at the end of the three growth stages in C. coronarium. The average absorption rates of As( Il )
and As( V) in C. coronarium were 25.8% and 14.3% higher, respectively, in chicken manure containing roxarsone metabolites than that in
the control chicken manure treatment. The results reflected the fact that the toxic element As could be absorbed and accumulated by vegeta-
bles via the following route : organoarsenic in feed — animal — animal manure — soil — vegetable. The seasonal application of chicken

manure containing organoarsenic metabolite is safe for Chrysanthemum; however, it will increase the As (Il ) metabolite content in soils,

and thus the cumulative risk of continuous application can not be ignored.

Keywords : roxarsone; chicken manure; Chrysanthemum coronarium; plant availability; arsenic accumulation
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Table 1 Basic properties of the experimental soil and

chicken manures

T H Item -4 Soil As-CM CK-CM
FHLT OM/g- kg™ 20.6£1.2  512.1+23.4  420.9+19.7
4R Total N/g-kg™! 1.3+0.1 33.2+2.4 23.4+2.9
42T Total P/g-kg™ 1.1x0.1 17.221.6 22.1%0.9
428 Total K/g-kg™ 13.1x0.5 38.7+3.1 32.9+4.2
pH 6.9 5.8 6.0
S Total As/mg-kg™! 7.4+1.1 58.3+3.4 8.9+1.7
As(Il)/mg kg™ 0.1+0.0 3.0£0.2 0.3+0.0
DMA/mg-kg — 3.0£0.1 1.1£0.1
MMA/mg- kg™ — 1.7£0.0 —
As(V)/mg-kg™ 1.5+0.03 20.5+1.9 1.3£0.1
4-HPA/mg kg™ — 0.4£0.0 —
ROX/mg-kg™ — 1.6+0.3 —

T CK-CM J As=CM 235 CRA 5 i% se YA Q) 1 553 e b
AR T 1A .
Note: CK-CM and As—CM represent chicken manure not containing

and containing roxarsone and its metabolites respectively. The same below.
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Figure 1 Liquid chromatography—hydride generation—atomic fluorescence spectrometry of As species
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gErh AT LR AsCID) & 5243 510 53.3+4.7 .51.0£2.3
pe- ke & 46.72.0 wg- ke, 1 As (V) &4 5 R
1109.6+4.7.1 087.7+23.0 pg- ke }2 957.7+16.4 pg-
ke FHULETAN, t B3R b Ak S BRI SR
TR A A B A T 10 A8 BRBE N X 45 400 114 WO
T4, FhopE e s S g T B B As () S As(V)
O Y LR ETA BT R, BB 1 Y AR A ]
GER T A o AR As—CM 8 38 b ] SR B As (T
TN 63.6+1.5.60.1+2.2 g kg K 49.0+2.4
peg kg, As( V) &40 1 307.4£15.6 .1 264.0+
42.1 pg-keg' & 1 069.7+35.8 wg-kg™', DMA 7E 3~ Bt
Tl s R MU B - S v A R o RS R R T
T Pl FE AT As—CM Ab BE 4= 358 vp AT SR As () 2
As (V) b CK-CM Ab 2 + 3 & 3 (P<0.05) #2 Jt
49.1%+4.4% J% 33.4%+2.3%. 40.48 d K 54 d 157K
WS, As—CM A0 3 + 3 ] SE B As CID) 35 158K
b CK—CM 4b P + 35 55 20.0%+1.2% (24 57 . %, P<
0.05) . 18.1%=4.2% (2= 5 1. % , P<0.05) F1 4.9%+1.0%
(ZERARE), As—CM AL B+ b n] JE B As(V )
Er A8k H CK—-CM Ab B+ 34 157 18.0%+4.7% (22 5%
&, P<0.05) . 16.2%+2.2% ( 72 5 . % , P<0.05) FlI
11.7%+2.4%( ZRARE) .

23 BROVEKHYNEER EBRBTHEDE

AR S A (R ERE R, 55N
CK-CM 4bHRAH e8¢, 55 1% e V0 AR 0 X0 250 g 2%
P 3ANAS R R M B A T v b B R AE i (P<0.01)

=_ 22007 gAs(IM) L
o' >
£ r WAs(V) X T 788 A= Wy 5 B W B2 (P=0.5617) o I
(SR H DMA
i 2 16501 CK-CM As-CM
& E ]
’S . = o = X = -
£ ol %2 SN FALKIHEELNE RS 2 por)
<
?‘j 'é Table 2 Biomass of Chrysanthemum coronarium at the three
§ 2 ssof growth stages(fresh weight, g-pot™)
o
% £ 1 Az (] b PR b L3 H R
_:H B Nl [ . . Growth time/d ~ Treatments Shoot Root
RO R\ P 40 As-CM 71.49+£19.37A 6.48+2.83A
QT T T e T e
S0 @ o Q\;\«\\‘ S ,O&\‘Q\;\s > CK-CM 57.49+12.13B 8.19+2.49A
AP N T Y g
& /~r,;/l%§i A”QV & /‘r’“ﬁffﬁ AR 48 As=CM 120.86+5.14A 18.34+2.52A
R B R R R CK-CM 79.46+9.928 18.20+2.54A
B2 TR 3 A K B A RS CR-CM AT As-CM & Z ACM 1253912980 195622134
CK-CM 84.31+24.49B 20.56+4.29A

BEpRtEhMESUEMERREE
Figure 2 As species in soil amended with CK-CM and As-CM
before the vegetable sown stage and after the three vegetables

harvested stages

VE < A ) AR A IR) ) 810 A [) DR 57 B 378 b B ) 22 S B8 25 (P<
0.01).

Note: Different uppercase letters in a column of the same growth
stage indicate significant differences among treatments at P<0.01 levels.
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IR 123.2%+6.5% 112.9%+4.5% 2 117.0%+8.4%,
iR HB As (V) 5 1 W] H CK-CM Ab #4331 38 5
44.4%+2.6% .71.9%+3.3% I 78.0%+51%. TCit &
CK-CM 4bBHAA S As—CM AL B () 38 v, 155 T &
FA b 13 As (T ) 5 2t 359 il 4 A= 4 B[] 7 S8 K T S 35
T H R R As CI ) 5 12 DU i 25 1 785 A I
B[] ) ZE K TR . TR 840 B 0 SR BOR 25 SR 3%
B, e H 3B AsCIL) (9 -3 3 B H 77.6%+6.0%
MM T As(ID) 5 As( V) IHRECE N 74.29%+5.7%
L T I 15 R R R A A — e gk A A A
FR I ARJNATE A5 A0 B W A AR B A I 1

B A ()X 2 Ak 30X T s A ) s S i) 8] 3 4k
S AR AL A 0 0 IR O, R B As—CM 5 T
Wl 2R E R, 5 CK-CM ARFEAH H , 3 vh s hn
As—CM . (P<0.05) 48 = 1w s B3B8 AsCID) 4
B As CIID) Fids B3 As (V) AR 5, HL T T
B BB AsCI) M3 As(TD K T8 As(V)

F14) W A 5, o 357 it 5 A A s T ) B T S S 4R T . T
ZE L Tay e e B As (L) H R 358 As (I ) S R 5
As( V) Fa s —2 ., 5 CK-CMAFRAH L,
TR As—CM A B A T8 M 58 As T R ST
i e 3 A A AR K B B 43 ) 42 78.0% £ 7.2%
114.5%+8.9% } 106.8%+3.2% , #b R 3 As( V) W i B
0 B T 45.0%+8.4% . 73.1% + 11.2% N 68.5% =+
8.7% , 1M 11 15 Y 1T 0 P i B35 As CIIT ) W A i 5 ) 4
W4 41.8%+4.6%.76.6%+10.2% M 83.5%+7.5%.
DR, B U FH 5 As—CM 338 v ot A0 1 585 B A
Fb £ FAH R CK-CM Ab PR =5 3 2 A etk As (T .
25 EBRVEHEAEYNEE RMESLESYRE . &
138 R 43 75 MR Y RN

P4 0 ) A ) R R B (BFs) M6 R 8
(TFs ) 343 B TFA 11 755 X6 R T 25 A A 9 A W A0 % T 7
WA A0 A P M T 38 ey b SR S5 RE T, DL
TR As—CM 5205 R 8 BFs A1 TFs 978 fk a3 4
B 4A 7R, 3 AR AE K I CK—CM A B () ey 785 4
Pk As (L) /) BFs B 43 51 24 0.55+0.08,0.57£0.12 FI
0.65+0.06, 75 1 As—CM 4k B i 1 5 A ik As () A9
BFs {8 43 51 2 0.64+0.07,0.65+0.06 #10.93+0.10, 5
CK—CM Kb FHAR LY, W8 0198 o v Jie A G35 4 305 288 T 4 g
TR AR As (D) B9 BFs {BL. 1M /8] 4B &5 St 8RB
T As—CM AT 32 /5 1w 6 AL RR As( VO I BFs . T
bk As(ID) & As( V) Y BFs 45 5L 368, X 26 by o
VoI B A ROPE L CK-CM A BRAS 28 5, (H
TR EMEZES . A, CK-CM AL FEFI As—CM &b 2 ()
T AsCID) & As (V) () BFs {825 B 157 i85 AF KI5k ] 4
JER MRS, Z 5 HEARE . WE4CHTR, 3 DA
AT CK-CM AR 38 T ES AR PR As (D) 7 TF's {B 43
4 0.12+0.01,0.20+0.03 F10.29+0.03, 7 /il As—CM

R3 HEM BRI THMESUEYREMEE (B, ug-kg)

Table 3 As species total As contents in shoots and roots of Chrysanthemum coronarium(fresh weigh, pg-kg™)

A K] b Hb 13 Shoot HFH Root

Growth time/d  Treatments As(ID) S Total As As(1D) As(V) As(TH+As(V) SLTH Total As
40 As—-CM 18.03+1.51a 25.60+5.85a 296.54+24.11a 43.99+11.45a 340.53+25.67a 430.79+15.04a
CK-CM 15.85+1.48b 20.03+4.80b 132.87+11.05b 24.71+5.41b 157.58+13.22b 203.78+25.96h

48 As-CM 20.05+1.04a 28.23+5.49a 161.48+24.29a 48.76+3.29a 210.24+26.32a 303.83+30.61a
CK-CM 17.20+1.63b 22.34+2.06b 75.84+9.97h 28.37+8.73b 104.21+10.25b 163.55+19.71b

54 As—-CM 28.41+3.30a 32.13+2.93a 154.53+17.68a 51.03+8.69a 205.56+19.68a 271.46+18.76a
CK-CM 20.68+1.34b 25.98+2.36b 71.22+5.28b 35.34+£5.95b 106.56+06.35b 132.68+23.01b

VE AR AR A I R] [ SAS [N - BER R AL BRR] 22 57 .25 (P<0.05) o R 1],

Note: The different lowercase letters in a column of the same growth stage indicate significant differences among treatments at P<0.05 levels. The same

below.
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Ak B TR A AR As (I B9 TFs B 53531 T B %] 0.06+
0.00.0.11+0.01 F10.18+0.01, 5 CK-CM 4ZbBEAH L,
VNN As—CM Ah 34 i 25 B A T Tl s A AR As (D) 9 TFs
i, [AIEF, B 4C 45 Rt WoR , Ur g ab PG As (I ) 1)
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Different lowercase letters of the same growth stage indicate

significant differences among treatments at P<0.05 levels. The same below
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Figure 3 Uptake amount of As species in shoots and roots of
Chrysanthemum coronarium at the three growth stages treated with

CK-CM and As—-CM
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Figure 4 Bioaccumulation factors and transfer factors of As

species in Chrysanthemum coronarium at three growth stages
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SER M R F%, T340, As—CM AL P () 17 8 3 3 As ()
A4 it CK-CM LB &7, it B3 As (I & 201%
U L CK—CM AR FRAE , {5 i Ag Ak B0 ) 2 S PR S I 5
XA G 2 R A )X 26 b 1 A A R ) 1T s AR
X AsCI) A e SR FHBE ) S T s AR s As (I ) i
AR b B RE ) 25 S B

R4 INMAEEKHPEERFABIHBSLEDHNTH

Table 4 Distribution of As species in Chrysanthemum coronarium

of three growth time

WTE AL P

Kb PR Percentage content of arsenic compounds/%

A KA/
Growth

Treatments j |35 As(I1) o FFBAs() 1 P As(V)

time

Shoot As(Ill)  Root As(lll)  Root As( V)
40 As-CM 36.7+3.2a 55.1+4.2a 8.2+2.7a
CK-CM 41.4+4.5a 49.5+2.6a 9.1£3.5a
48 As-CM 38.5+1.3a 47.2+1.6a 14.3+2.1a
CK-CM 41.9+3.6a 42.2+7.1a 15.9+5.7a
54 As-CM 45.6+2.5a 38.7+4.6a 15.7+1.3a
CK-CM 47.0+5.1a 35.4+3.4a 17.6+2.8a

2.6 EBEVERSMHEYERE

CK-CM Ab 3 iy - b aTS2 B As (L) A
0.23%+0.02% . 0.32%+0.01% 1 0.37%+0.02% 43 5 9%
40 .48 d Jz 54 d A=K A, T As—CM AR 3 1)+
e AT $E B As (1) A 0.25%+0.03% .0.41%+0.05%
1 0.51%+0.08% 43 9 4% 40 .48 d K 54 d A& K WA T 5
WA, N0 3 S b A P RS 28 | e s X -
AsCID) A8 Wi 36 L X CK—CM &b P-4 352 15 25.8%
I CK-CM 3 il $2 0 As (V) 0.001 7%+
0.000 1% .0.004 5%+0.001 1% #10.006 4%=0.000 9%
43 Bk 40 .48 d K 54 d A K R 0, T s
As—CM 3 HEHUR As( V)£ 0.001 9%+0.000 1%
0.005 9%=0.001 3% F10.006 5%+0.000 8% 43 4% 40,
48 d J 54 d A KB TTE W, TS in 3 s Vb B AR
FEJ5 T A T As( V) OISR He X CK-CM 4k
- PE 78 14.3% . L1105, 75 40,48 d i 54 d A K
WIS X2 g s VD I A i As CIID ) A 1 85
V1A B 4 3N 0.31% +0.00% . 0.65% +0.01% M
0.79%+0.02%, 11 As (V) B =] &5 K540 A 8015 5 A
0.003 1% +0.000 1% 0.013% + 0.001% % 0.017% =
0.002%. L, &% s b A P xS 2 v iy As (T
FAsCVOFEYIA R & T 14

3 g

R, AR A HLI S T ks i) i ad & % H A

HEM S A0 A s A LG e A9, JFilid 8 &
M — LR A AR AN ZE B W BE AR G
FHFE A Hihh FRIE g — Al K L L5 FAE
BEZYEOL A MUIE I St FH , b F [ 4l 52 A
f85m , & &F SE R E & T ESMNR A U R
HAKE R, FE A HU S A A 5517 S Ve
FRCEMAE AR R D2 R R, & & 2 R
A AR 7 e T 8 AE & P TS, A3 AL e 3 fef
TG LR R E A 1E I G, B & 2efiirh gy
90% A HLMAERT 23 d 4% AEH As(V ), 38 d J5 &k
fif o ARG LAV STV I B ST AY , K B 7 S v
XS S0 114 R0 38 2 3 M VX 4 G 43085 v V0 i B
ff Ak As(1L) .DMA .MMA \As( V) }%z 4-HPA 2547
BLICHL B ACIE , & t f m AL S As(V ).
AW R & SV I S AR i HR RO 5, CK-
CM Hh A] 48 U B S A6 5 90 % 5 BRI 2.7 mg -
kg™, FREBCRAU N 30.3%, 11 As—CM Al $2 B E 078
BALGY & & BN 302 mg- kg, IEBUR L K
51.8%. AHCMIBFFEA R, 765 J0w B e s AL s
BRI AR pH A0E T, FHBERER VSR G H AER
BU18% 19 As(I) \45% B9 As( V) .59% F) MMA .67 % )
ROX F188% ) DMA, As—CM F &4 As(11) . DMA |
MMA As( V) K 4-HPA B HLICHL & AR , 5%
SErp R As (T & As (V) B CHLER LS8,
DERTEHLIE S As(I) S As( V) BT 25 5 bl i S i i
Rl ARG OB WS g s v e AR 4+ 8 rp R
L 1) B S0 250 00 A A ) o 9 e Vb B R — HR O
Ji 2 4-F2 FE R B IR S5 A AR S AL A9, i B B 38
XA MBS0 AE G 9 0 WSO8 I T JCHUE A8
AW . WXt N i e RBURRE IS
R B MR N 0 ES Bl Pk S s v TC AL > A 1L
JIE 3 AN AN [ A A B T v b S b T ER A
AALAE Wy 0 2E B2 S U B T s AR AT A A 48 ez i
AsCID) A1 As (VO PIFRMEAL S, T S A5 As (D)
A AR ERAL i 2 b0 . 2% 25 R ST — e 5T
gh IR PUE TG 0 AP AR ERXT AT 5 As( V)Y
W 5% s B AR B A, As CIT) (9 W Wi % 6 45
W AR A 7 B AR G, 6 As (V) B IR IS A 3 )
5 HE W0 G B R R A% 02 B A oG o A O B
RN IR 8 & 2 KA R K 70%~75% , 3%
BRI S0 U I A P A i A O R . AL
GRS I 0T 3 S B B A FH BRI 7 G 1 i A oF
FERI, KT HE b J Bl A H g 3 b s T
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