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The migration and transformation characteristic of niclosamide in plant—soil system

LUO Cui', HUANG Yi-yang?, HUANG Dong—gen", LIU Miao', XIONG Wei', GUO Qin', YANG Tian-zi'

(1.School of Resources Environment and Chemical Engineering, Nanchang University, Nanchang 330031, China; 2.College of Environmental
Science and Engineering, Beijing Forestry University, Beijing 100083, China )

Abstract : Approximate 200 tons of niclosamide was directly added to Poyang Lake basin for snail control each year. Its degradation depends
entirely on the natural environment, and it can influence the regional ecological environment. This study evaluated the migration and trans—
formation properties of niclosamide in Poyang Lake plant—soil system by pot plant experiment. The results showed that the degradation of
niclosamide in rhizosphere soil followed the first order kinetics equation, and the estimated half-lives were 14.6, 18.3, 21.7 d, respectively
in Carex, Artemisia selengensis and blank soil. Plant roots could promote the degradation of niclosamide and niclosamide degraded to form a
series of aromatic intermediates. The niclosamide residues in the rhizosphere soil had significant negative correlation (P<0.05) with micro—
bial population. Moreover, it was bacteria in Carex rhizosphere soil and actinomycetes in Artemisia selengensis rthizosphere soil lead the key
role in process of niclosamide degradation. Niclosamide residues and intermediate concentration in Carex and Artemisia selengensis were
various along with time. The largest residual concentration of niclosamide was 2.47 mg+kg™ in Artemisia selengensis aerial part after culti—
vating 10 d, and it was 0.99 mg +kg™ in Artemisia selengensis root part after cultivating 10 d. The largest residual concentrations of
niclosamide in Carex aerial and root part were 1.7 and 1.0 mg-kg™ respectively, and both appeared after cultivating 6 d. Our research indi—
cated that niclosamide and intermediate products remained long in plants, which had some risk for edible plants.
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Figure 1 Relationship between niclosamide residual concentration

and cultured time in rhizosphere soil
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Table 1 Degradation kinetics features of niclosamide in

different soil samples
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products in Carex rhizosphere soil after culture for sixth days
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Figure 3 Total ion current of niclosamide degradated products in Carex rhizosphere soil after culture for sixth days
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Figure 4 LC/MS/MS spectrogram of niclosamide degradated intermediate products in Carex rhizosphere soil after culture for sixth days
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Table 2 Microorganism population in rhizosphere soil and blank soil
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Figure 6 Relationship between niclosamide residues and microbial
populations in Carex thizosphere soil
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Table 3 Concentration of niclosamide and degraded intermediate in plants
H(nti) W i (6Tt 89w (dSemm (223w
FE(H2d) R 529 703.0 523 1.6 0.84
Hh 4 137.5 626.2 8.0 9.6 2.41
FE(H6d) R 922 165.4 3.50 3.6 0.91
4y 423.6 171.4 57.5 4.6 2.45
HE(H5 10 d) R 61.8 596.2 8.16 43 0.99
. EFR S 253.4 7412 65.43 12.0 2.47
HiE (16 d) R ND 39.9 15.00 ND 0.95
o R4 ND 3223 3.67 ND 1.22
(4 2d) A ND 4.80 6.0 0.3 0.50
i E3R5 ND 125.5 9.8 5.4 1.67
HEHEE6d) TS ND ND 5.7 3.8 1.00
. F RS ND 48.64 32.0 8.5 1.70
BHE(Z 10 d) HR Y 466.0 204 10.7 1.8 0.65
i 208.8 712 75 1.9 0.59
EE(H 16 d) S 30.3 14.1 8.9 12 0.39
M FER ) 0.63 0.22 0.1 ND ND
FEND Ak
Note: ND not detected.
S5 LRI, S M A P AR, - SR E AP Xof BEZH () SR e % B B Al R (I D AT LU

] ZE AN RS o
2.6 HEYIEE RN SREIIBR SR B U 43 4

B, A e BCE DL A E R ARl A
ZU(FAO) TS T3 A 20 21 (WHO ) 45 2 2K il 2 S Ag i
e T B AR R Y B s SR VT AR B B (MRL) o AR HEFR
] ] 5 B Sl 0 e 7 R oK v S MRL By 3.00 mg -
kg™ FBRUE", ASBIF 5 EURS A0 Y it 24 390 [ W £ i ) 2
T T BBk B S AR E R AV L P (H B KB B T 4
EARMEEER AT —E B KU

AAEMIRE R A rh 2o RV 2 Hh a7y, Ho
UG 25— At IR 24— h LR 45 2-54 -
ATl ez, CAS 5 121-87-9, KEZ T LD, 2 6340
mg-kg™, /NRZ T LDy, fy 1250 mg kg™ 250 —4-Filg &
K, CAS 5 619-08-9, BiPE4r9)E T ares, KR4 H
LDs, 2y 900 mg kg™ GUAH MG AE it 24 I 1% o6 fiff o)
o 2G4 TR BN 2- A 4TS HoR B e v B Y
e ER BT, BT A — 2 2 FHXUSS o

3 g

3.1 A EX SHEY R EAR B EYRER L E PR
FE RIS
B FE AR R S AN [ R SR N ) S

TEZEARIEFROET 3 d, SRSHIGAE = Fh LI 5 iy
Rk ff o R dRe B, 25 3 d SR M AE &5 7 B AR PR -
S5 RN N BR A [) TR BE A 48 b B il Rl o A B T
27.7% 23.1% 18.9%. X Brital PN , A ML
1) - 43 v F R AR KA SO 2 3 d S, R g
SURBMIRG PR R A AL S B 18 328 fin DR — 328 4
187 AR R AR A AR A AR 2 S R A L T
FRAES, X —HWE Y MRS 3 i RE Y S 5 T A
MR (R it s 2% 43 d B, SRS 7E & 5 B AR
B - 598 0 X BE A () R B - 8 v i 3 40 i) S B
79.8% .73.6% .67.9% . Wi F AR T a] 1 4E K, SRS
JHe PEAR IR 38 b R B R AT RAAIR
32 BEEER T EREMTUNERINEES T

ARG R, B B AR R 1 K B AT []
UREE L3 A B B AR A R BE TR R
R r R, PRI AR R - 38 A0 B L BCER TRT 1 B 3
K25 0 A 5 TP 7 TR )RRt 1/ T 0T B 2 [
R+, HIERENBERIS 20T, 2 R B IE RE
AR AR 22 , U B 8 B B AR AR A A o - g A B
PR BT A — 7 I R

MAFL IR i A 0 A B8 i 5 0 B2 A W B
(I HAE AT DUE Y, B RAR PR AN R T2 AR b, 328
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KA IMERF 217 eI R

HR PR A 1) AR R T 85 FEAR PR, T T B0 A7, P
FEPIAR B - 8 b B B 10 /N0 IR g 45 5
A9 o A 5 TRV i AR o - 9 v o i 1 8 R R %)
WO [FIR 438, XUl B R M e TE AR U AR B 1 43 vp
R AR L R, — KPR W v 32 T R TR ol Ay 240 7 R
TR AT, RIS PR TR 45 B 22, SR A Y o3 e s Ak
o T SEAEMIGEAE & FEAR PR 1 S b R fi LU AERE T AR
Bt g rbbe, BERALEAR R AT IAE R, B HEAR PR
= FVE AT, LR MR PRAE 32 A i
RO R s - 48 H B2 A SRS IR () BT R, 158 AR AR
I - 38 v X GRS A P A i e = e P R A R, R
SRR, IR B .
3.3 SHWIREARREY hIEBELSES T

TEAERBAEY) - TIE RS, TR NIz
JEMZ AR (8x107 Pa,20 °C) , 438 v S A M 3 2L 23
I AR YRR [ ZEEB AN ERIEAS . W AREI A N B A AL
15 YL AT DA o 5T AMACFN B A A2 ik BUAE B 1
FLA A S0, A IR AT S AN B bR A
St RIS AR BRAER YA N, V5 Qi AFE )
W5 AR N B VR T & AR KA Rk R 5L
ST PR R ) AR AR A
WEEEIVERTT , & AR 7K A s i A= B S-S0k A IR Al 2
AT, FER A S S N A R, 2, 5- — RSt
WA 2 -4 B R AF A A s A
=254 — AR AK
3.4 SFHWBREA R EYIRR L IE P M MERF D 1%
ST

1 PR R Rk BRI, SRS A 5
R IR - B8 v 110 o i ol o3 e R, B I, % B2 0
/N MAHEZREL R EFTF A AR B 3 () 4
ML R SR S S AT A — R Bh 1% 3 B 5 bs
BB R

MR 1 FTLIE B AR R A S 0 i o e
Fif R TR AR P 498 T S A MR E AR AR B 1
198 P R AR A SO LA AR AR A 1 %o B - 398, L
IR 14.6.18.3.21.7 d, SCIGEE R FEH] B
TR o T A 0 o) SR B A et A A AR VR R i L
B RLACRE (AR AR T S W o LA AT RESE AR )
HRPR 4 HEIAEE A WAL 2R 53 0 5 1A P 0 AR AR
FHUL B AG YA A B R e Ak

4 Hig

(1) SR AE AR P L3 iR AT & — B 7

SFOTRE, MR E AR PR ST R et AT 12
PR, HoE SRR F s 206

(e - IR R G ARPR LS P Y 1%L
B, SRR MINEE A 5k B st Gl A X S
FEAEAR PR -3 v 14 B A A7 B 2 DTk

(3) 5 AR B L SR Wy LA TR O 3, 22 AR PR
TR E YN R X IR L R R 2
Pad L PR B R A — 5 TR 1 T o SR £
i GRPR 3 P AR T ] LR AR B 3 R, 4
FRGF SR AH MG 1) A S A A

(4) SR AE 5w R I R B i T AP A T
HO R IR, TAERE S h bR S T AR AR B
AR

(5) SR AN iz K2 FC I3 fige 1) v ] 7 ) A AFL ) v B
BTG, it 20 ) T Al AR ) S AP A — RE 1Y
JRUBS: o

SE Wk

[1]Muir D C G, Yarechewski A L, Degradation of niclosamide(2’, 5-
dichloro—4'-nitrosalicylanilide ) in sediment and water systems[J]. Jour—
nal of Agricultural and Food Chemistry, 1982, 30(6):1028-1032.

(2] T B ASE, 250, JR L, 45 SRR b e v SRR M 5 e 3 3

A5 Al T LT3 3 KRR (T 5 H2AAR (B2 1), 2010, 37(1) 2 16~
19.
HE Ming-zhen, ZHOU Yi-biao, ZHOU Ying, et al. Change of niclosamide
concentration in soil through heaping and the effect of Oncomelania con—
trol[J]. Fudan University Journal Medicine Science, 2010, 37(1):16-
19.

[3] EI-Dib M A, Aly O A. Persistence of some phenylamide pesticides in the
aquatic environment:l. Hydrolysis[J]. Water Research, 1976, 10.1047 —
1050.

[4] Schultz D P, Harman P D. Hydrolysis and photolysis of the lampricide
2', 5—dichloro—4'—-nitrosalicylanilide ( Bayer 73 )[R]. Washington D C:
US Fish and wildlife Service, 1978.

[5] Graebing P W, Chib J S, Hubert T D, et al. Aqueous photolysis of
niclosamide([]]. Journal of Agriculiural and Food Chemistry, 2004, 52
(4):870-878.

[6] Frank M P, Graebing P, Chib J S. Effect of soil moisture and sample
depth on pesticide photolysis[]]. Journal of A gricultural and Food Chem—
istry, 2002, 50(9):2607-2614.

[7] Graebing P, Frank M P, Chib J S. Effects of fertilizer and soil compo—
nents on pesticide photolysis[J]. Journal of A gricultural and Food Chem—
istry, 2002, 50(25) :7332-7339.

[8] Graebing P W, Chib J S. Metabolism of niclosamide in sediment and wa—
ter systems[J]. Journal of A gricultural and Food Chemistry, 2004,52(19):
5924-5932.

[91. BAS7 35, AT, Bk . BeFh Penicillium sp. FIARER M + 15
PR A 1y DRI AT S [T PR35 4457, 2007, 28(1) - 199-203.



P, S - RGP R R LA 2461

HU Li-fang, SHEN Dong—sheng, HE Yong—hua. Synergistic degrada—
tion of metsulfuron methylin Penicillium sp. inoculated wheat rhizo—
sphere soil[J]. Environmental Science, 2007, 28(1):199-203.

[10] Shimp J F, Tracy J C, Davis L C, et al. Beneficial effects of plants in the
remediation of soil and groundwater contaminated with organic materi—
als[J]. Environmental Science & Technology, 1993, 23(1).41-77.

[11] Hamaker J W. Decomposition : quantitative aspects[M]//Goring C A 1,
Hamaker J W. Organic chemical in the solid environment. New York:
Dekker, 1972:253-340.

[12] Johnson D L, Anderson D R, McGratha S P. Soil microbial response
during the phytoremediation of a PAH contaminated soil[J]. Soil Biolo—
gy & Biochemistry, 2005, 37(12):2334-2336.

[13] Tripathi P, Singh P C, Mishra A, et al. Trichoderma: A potential biore—
mediator for environmental clean up[J]. Clean Technologies and Envi—
ronmental Policy, 2013, 15(4):541-550.

[14] sRaE 1. A 245 BT FIALTE IR = 2% B FR AR (M. JE 5T A2 T
b i i, 2007.

ZHANG Zhi-heng. Standards of rational use of pesticides and maxi—

mum residue limit[B]. Beijing: Chemical Industry Press, 2007.

[15] Kang F X, Chen D S, Gao Y Z, et al. Distribution of polycyclic aromatic
hydrocarbons in subcellular root tissues of ryegrass(Lolium multiflorum
Lam)[J]. BMC Plant Biology, 2010, 10(1).:210-216.

[16] Gao Y Z, Zhang Y, Liu J, et al. Metabolism and subcellular distribution
of anthracene in tall fescue ( Festuca arundinacea Schreb )[J]. Plant
Soil, 2013, 365(1/2):171-182.

(17 IARE R, AR, AL 3 DTS BAa e S M pLI 5 52 1]
F1 WA SR, 2003, 14(10):1799-1803.

LIN Dao-hui, ZHU Li-zhong, GAO Yan-zheng. Main mechanism and
affecting factor of phytorediation of organic contaminated soil[J]. Chi—
nese Journal of Applied Ecology, 2003, 14(10):1799-1803.

[18] Kvesitadze E, Sadunishvili T, Kvesitadze G. Mechanisms of organic
contaminants uptake and degradation in plants[J]. Proceedings of World
Academy of Science, Engineering and Technology, 2009, 55 :458-468.

[19] Brady Cal, Gill R A, Lynch P T. Preliminary evidence for the metabolism
of benzo(a) pyrene by Plantago lanceolata|)]. Environmental Geo-
chemistry and Health, 2003, 25(1):131-137.



