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Abstract

Present, Roxarsone is the most economical organic arsenarsone preparation, which is widely used
in the breeding industry as a feed additive. However, due to the low absorption and conversion ef-
ficiency of Roxarsone in livestock and poultry, a large amount of Roxarsone flows into the external
environment along with excrement. Simple composting and conventional sewage treatment can‘t
be completely removed, but discharged into water and soil, resulting in arsenic compound pollu-
tion. In addition, microorganisms or light in the environment can degrade Roxarsone into a varie-
ty of arsenic compounds, such as 4-hydroxy-3-aminobenzene arsenic acid (HAPA), which can
cause serious harm to the environment and human body. At present, in addition to physical and
chemical methods, microbial method also has a good degradation effect of Roxarsone. This paper
reviewed the research progress on the non-biodegradation and biodegradation transformation of
Roxarsone and its related products. The main conclusions are: the non-biodegradation and bio-
degradation transformation of Roxarsone is greatly affected by environmental factors, and it is
easy to produce more toxic pollutants. Biodegradation and transformation: the irreplaceable role
of microorganisms is mainly reflected in: (1) Microbial adsorption and accumulation, including
reversible and irreversible processes; (2) Bacterial degradation of Roxarsone; (3) Degradation of
Roxarsone by fungi; (4) Degradation of Roxarsone by yeast. Finally, the prospect of applying mi-
crobial method to Roxarsone pollution remediation was discussed.
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1. 51§

& T VD (Roxarsone, 3-HH2E-4-F2 3L K R) & — M8 H T2 MI-E MU E RIS N A, B A 1911 44
Benda S NG RUE ) 2 N B & & FREAR 1] &S0 e DSg s R 2, (Rt E A KmFE
IR RERTvE F, DRI — B BN AN AT D AR RRAS IR 2] 1958 38 [ A M ARtk v o vb A Dy Tapek s in
FMEF, 2011 4 i T R e U AR AR RS B B RS A, BEARH BRI T 2018 AFE A
A LIIE b A, (g RO REFREN IS 2 1E . BRI R 138 s v i HE 10%
Fe AT LA S i i, K2 HBE NI PR S HE IR AR (3], T S vb R 2 B 55 Y R AR 25 5
IR ARIR B T AEIA G b BN 3 ob— 8B 0 SR A HUIE RSO EI A X, AR K
&A1 v A HUIE I L33 P R 9 B vT LA B 12 mg/kg~15 mg/kg [4]. & b ITEIRE 2 47
FEBR TR NAR A IS i B3 06 T MG 2 e ma S S5 R Y 0 I W A RS S),  HBEMAEYIRE Kb
ez Esm, R, ¥ svb BTG Gy i) O RN B A LTS A ) B LR —

TR T AERE LRI R ZE AT . B 7 Eahr 8 A sE ik, WEmBER %
SEYS IR AR A . A 2 BRIE e D ARG V5 G/ NI H S BRASUR I o AR SO I AR R H
T T VD I 2 BRI TR VIR R A M 22 B 07 AT £7 R AE kA7 I v v ik e th i, A
L JE I e D I I AE ) 22 BRI 5
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2. B RIVHBFIER SRR
2.1. IV HARIR

BT sn i i B S R R 2 . AR TRe, HAE S @R KM, #Egit, 2010
ESEENH R 90 1L RS 88% B H T & A V& S b A IR Tkl [5]. 75 R EIX 2003 SEShPAEF= ATk
T 1200 WS T IR[6], W 1 R, & EERHE NS TV, e E B X T I A A SR AL
10%/E4[3], KZEARIEE IS AR Ah, XEFATA —Ledk NV5oK AR, 38 — S AR S NEE N
BENACH, RS0 N AR g g e yb i & AR Bl 2006 FEE STV e ib A EIA S 89.3
mg/kg [7], MHEGET T EARAERT DA 1.3 x 108 iR & F(H M 2.1 x 10° Wi 26H[8], XL & & IAH AL
HE AR B8 AT 18] S5 K AR B 2 A LR N IR, T il b 3R N K (RS e o DR LIRS R 1)
TN YIS Bt S R B R

Figure 1. The transfer route of roxarsone
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2.2. BRI HEISRIRK

Tt 58 3R B IHBOIN & 6 38 10 3% s v I & 0T LUIA B 12 mg/kg~15 mg/kg [4]. 15 50 v0 i % A
J& AT LAAE O U AR =4, DRI A FH 2 A AT UL (9 7% 8 3 J T /K 3R 55 o (LA R JE LA ) 5
AT EBAR, T AT R B — S R AN 3R 5 R K B AR B BN f R T S BOUK A
&P B EEAR[9] [10].

& LI I AR T8 DA% IE AR PAH 2 — L PR 1H R 5 37 o B TS IR AR AE A AR I e @ . AR 9 TapRkas
FUAR G R ZNPIF AR, A HdE NI 223047 — R AV RS, B2 AR i = A i A T i 2 A
BURIER o 1% S0 AR B R PR AR ) B A ORI, B G PRI S e ] 7 R A R )
FEOiRe, i bR FEIRF] 0.23 mM I 7= HUBE D BEA 58 A I [11]e ¥ Siib st G 40 (0 it 222 e s
ma) AR FE T, A TR IR 0.29 mM ¥ B Vb BB A P A AR AR AT S R AR B2 BEAIG 50% A 1[12]
[13]e BT EZ, WA S b ER 7 HEA 6 NAEAF LS, & B S A & FhEn
BV FR DR A HIE A
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3.1. ESEI R AEE YR

Bednar %5 A8 6 S0 X6 PRIXS S o 1 Svb IEAT TR S, VS SO IR R AR bR T R
KT SR 2 UL 2,4- RS E 280 4 3 (1) 05 B A& Y047 4E , Garbarion 55 A\ 4] | HPLC-ICP-MS
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Figure 2. Photolysis of roxarsone
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3.2. BRICHNEDEL

Stolz 5 NAEPRERSEAT T XS X S HRER A 1 v v I (1) B i SR 6 2 IR s v B R R SR R e = 2 B2 3-
4R R IR ER(HAPA) T &4, I AT A2 56 o 28 AR B8 B i AR I 22 R R L B
AR INRE, 1T LRI sV B E N 32 R R TR [ 7], BART RN 2 roxarsone + 3 lactate — 2
3-amino-4-hydroxy-benzenearsonic acid + 3 acetate + 3 CO, + H,0 [18]. Cortinas 2¢ A\ | & BLAE K REIAH
5erp, ¥ sy B nT DURE I S5 HAPA, FF B A IR 26340 Ji7 B AN = FEBE B S5 A D B R [19] TIITE K
A A RIS I B LT3 W R A, ] LG A MDAE VS s v B B e At AR 4% T AT B ARIE .
4. &IV B PP RE

TEIER T 0% ST vb A W AN & U H USSR — %€ MR IR, AS R AE 068 9 i i Ji b Heid
JEP= W B S AR AN — R

4.1. FEYRMAMERIER

TRE IR B IS R T Rl v b I S AR R T AR BE AR L, 2 — AR IRIF ATl i e
[20]o TAAEPDA B RS TOvb IR B BE /0888, ERXS HOR S5 Ja i B A W RE /T, Teclu S5 N R BLIIR
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30 S TR EL AT AR 9 ) R B B T e A P RT DA PR 5 015 7K 6.6% PR IE TR £5 A1 10.5% TR 25211
Tariq %5 AT T2 5 B 2 P 1 o 3K e R £ PRI VBE PR BE 70 7T BLIK 1] 98% [22] BRI T o [ (1 A=)
W BT T AL E R T E IR BT SR8 — b FRLAEL Y 22 B A LRI S Qe 705, LA B e

TE Y& B E IR O DO E ZR MM E AT, A EREZRE 75 552 KA
AT 22 IRBAVE R A B R T 4G 5, RIS R A R T E AR T HAE G 2R AR, T 2 kAT
Hisfeisimid B b AR RE IR ATP, IX— mi i ME MW AN [T 0 SR AP0 B A 7 EEAE B e
WAEYERUE AT, XAERES SAMEHER, 27 b IR E YR A & L 2 i ) 27
EREEN, ENER MR, UM ERE — MUEY B B iS5 % O 2218
PR . Satyapal S8 AWFTEA B R B AT 1 T LAFE AR N B ARAH, AR AR A=) 4523

4.2. EN RS B R R

I A0 TR 0TI S b B EAT PR R AR W B R e VD I R Bt 2 —,  H T4 50 55 2 P i A
BT DA B i e vb BRI AT [24] [25] [26]0 K2 B35 Re b ZAEAETR 0K 5GP EE R SR o)/, T 52
eV TR A0 18 2 0SS BE 775, 7T DAE AR PR G oK B A I H S AU sE LA [27], BRARRMESH
WS TCYD I 3 R AN AE Y R — R 1 1.4 5281 [29], H RTE HTI& S I BRI A0E £ B
FEFERRAT R . BRI . R B AR RAT B SESE[30] [31] [32] [33]e Mi& VP NIAES, HeEH R
L FRY e A IR BEURRT» E 77 FVGE MIBRLIR 26 R 8 o v I 2 e DR AU R e Ay 4-72 -3 L KA R (HAPA) [34]
[35], —MSRAF T HAPA fRAEWEREMR, (H2AEGAMINER T MR 5 2 2 A i R £ AN TG WL [36],  RA1E
2005 5, BPAE N DA R B AE ) R Ty e B B 7] 200 TR OGS B )50 R A 5 gk HL R TR s ) g
B JE FE [ (ars operon) FIHHIER £ [ (arr operon) [29] [37], IXEEEE (A LUK As (IIDFEAE AL As (V) KK FEAK
Hahte, Wb HIRE5938] [39]. {H2 H s aH b v ve vb i AE 4038 Ji 1) B = Pyt T ATI s A ik =,
B 20 TR 0T I S v R R A P B i A2 75 1H 2 H HITAI 98 2 45401

4.3. EEX& 5 R

FH R LB A Rogie 2 —, HIEZ T RERUH KM K i S [ (3 S 7= 4
N2 AR BEE T LR As (IDFEAZRL As (V), HIEF LLZ 5 W AR £ HY A AL AN AR £ S84k, R it AT 55
PEIEE[41] [42]0 & WA DU A 8RR SRR, BRIt ST 70 BRI B R T DA b 4E 7 1R 1] %
B WOTRE . B E R R AR 8 S A K, XS R R A R S VR AR SR, X RR T
HA IR G RE ) Z ANEA 8 B H At 2 5 R O BE 71 [43 ] o 8 S0l S TE WU A5 20 47 WS BRI 285 2 14 2 3
HREERFE R C-H. N-H. C-O-C S8FLHBEAT[44]. FA W ST — L8 F0p 1 A BCR T ARIEAR 22
[ (e BERA A WL IR [45], M 20T FURDUR AR IR KT-3 B 5 7 2500 o A 1) 25 BR AR mT A
$ i 40%UA L [46].  H I TT G mUAE RG-S RAIBC A B DA B o s 4t

4.4. BERIRSIR T B R AR

T REANGE B 32 PR sy i, (B AT 78 3R WA R BRI At b B B A G R [47] . RS N B 2
[A] i o i I B4 i SOD1 AT SOD2 PRI ] LAY i P8 BEAH it o VA R 325 PRI i 32 14 (48] Bobrowicz 55 A
WK IA ACRL. ACR2, ACR3 =AML LR [ BE X e v v A5 A LA A et S ) B et [49]
[50]. Bgit ShEEEERITH ATPase ZMHEEE H B 1 ArsA A1 ArsB 25 A 1) DALAI B 38 SR BHEPE ) ArsC A
A W T R R e Ak R A R SR TRt A, a0l 3 o, AT HEAT 5 FORAREE[50]. B RIS F Sk 2
DR T AR P B AR R S5 77 5 /KRG BRI 52 14 3G 1, 9 B T B o BOE A T AR DG e ek R R 3 FL LR Rt v DA
F[51][52] B Al EERELN AR AT AR ) 22 T 3R AR ) S DR SRATE T2 3% Sy RN TEAT LR K 2B 53] [54] [55]-
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Figure 3. Mechanism of arsenic detoxification in yeast cells
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