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FEHFUHASFMED 0, 0] R R AT
§1 (RIS AR ) HEE 22 oA AR A T A
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F1 gt EREAER
Table 1 Basic properties of the studied soils

e &~ H AL FHEs 7 <0.002 mm Ffhr & & it
Soil type P Organic matter/(g-kg™") CEC/[cmol(+)kg™] Clay content/% Texture
PANiEa = o
. ! ﬁ * ) 5.15 11.3 9.7 16.5 HisE clay loam
Jiangxi red soil
N, 7 7 e
ABURRL 5.76 279 18.0 19.7 1+ loam
Taihu paddy soil
RALEE A
A 7.34 37.5 31.2 15.8 #ARP £ loose sand

Northeast China black soil

F2 WM RYHERELER

Table 2 Physical and chemical properties of sediments tested

HLAZ LA

TR HHLFE Particle size proportion/%
Sediment type Organic matter/% <0.001 0.001~0.01 0.01~0.1
mm mm mm
biMl
H(E,I 7.44 3.10 0.934 7.22 55.6
Lake sediment
\‘u .y
it 7.53 3.48 1.69 10.7 73.2

River sediment

113 ITHRREH

HERAPREL 0.101 0 g AR L2 T 100 mL 4§
A, JHRERREEZE, 1545 1000 mgL”
A 2RI TR A
1.1.4 BEEE

WATERS €2695/2998 JiAH 313, PDA #:iill %%
( WATERS, USA ); Excella E24R 47 i 45 7% % New
Brunsuick Scientific, USA ); CR 22GII &.[>#1
( HITACHI, JP ); Rotavapor R-210 Jig#% 78 &AL
(BUCHI, SW); MG-2200 & M{¥ (EYELA, JP);
CLC-AZE:##48 (MMM, GER ),
1.1.5 XA

AN IR HEE . SR . JOOKBREREN |
BERSE, bral (bR A B AR, CN);
NG, i Sti%a (MERCK, GER ),
1.2 REHE
1.2.1  3EBRFREXIE

RHZE N FREIAT (R BRIk
MR, GB/T 31270.1—2014, 2014; EPA 712-C-08-
016, EPA 712-C-08-017, 2008 ), 4>5IFRHL 20.0 g
R 3R HEET 341 150 mL =T, ik E+
B 40% MRk, FIARZEI D 2R, BT A
TAMEFAPERIER (25 °C. 75% ) TisEsE 2 4.

IR R . TSR 2 ), s
T H 0.2 mL 1000 mgL™" BYFRIR BRI, 1
FEXISIE, KRR Sk SR AR K & 60%,
FBES R IR T ZE 5, BT A TR bt
S REHIBAEIE (25.0 °C. 75% ) 5555, EIHERE,
N - 39 H R R I B i

BUKIRAR 4R T35 2 JBS, 4ralias)
% AN 0.2 mL1 000 mg- L™ (R 9 8 AR IO A K
P SE, IKELEEREA 1 om KZE, HIMH
FERMOEE, & F AT P HEIEER
(25 C. 75%) G55, W, e -1zl
T,

1.2.2 KRR M &R

KRR AT (50T o B A e 2 A
J&, GB/T 31270.8—2014, 2014; EPA, OPPTS
835.3180, 1998; OECD, 2002), P53 4yl
B50.0g (1 25.0g) FIRPFIIFYF 200 mL
=MMAIR, B 10 4 IA FRARR b
7K 100 mL, KFMGTEIAEFIE S 5 2 1, YR
JZIREEZ) 2.0 cm.,

WA O A B ILI AR A AR E O
BFRIR (25+2) ChOBRM ISR 1 J#E, Wl
FEIK-UURRM 22 G h W i SR 8 AL -8 R L A6 1)
WK-DIBRI R Gk P E 0 415 mg L, Afbif
JRHLA K 185.4 mV; L /K-DIERY R Ge K b i
AN 431 mgL”', FALE LA HLA A 203.7 mV
BIPRPNMREE R G AL T R EIRES . FE,
TMA 0.4 mL FREEMAREAR (1000 mgL') F
Rgih, BT ANTAEREPER (251) CHiFE,
TR 11 10] 5 $1 00 5 106 2R G /K rh i ik S8 RN AR AR
JRHLA, A A S TR AR ) K- R R Gk
i O, 30 min (& 0.1 L-min"), fF RGkbFif
FUIRES, TEIEURE, I RE 2K AH B O AR o R g
Tim. il Oyt R SR

PRAGRES . mK-UURY RS RF46E N, 30 min
(ifE 0.1 L'min™ ), SRJ5 KRB L 2R TIAH O,
PR R G O, FEAHEAERL, B BRI O E
BHEHE (25+2) CHEIECRM TSR 1 )5, W
FEIK-UURRY) 2 58 s i S R SRR S LA 45
R WHAZK DU & 48 B A-18 L7 R-103.3
mV; K -TURRY) 3R 58 E Ak -8 S LA DRy -102.8
mV, W RGEAFEMBREIRE, FEMA 0.4
mL PR ENAR A (1000 mg L) TRSH,
BT ANTSBEEPER (25+1) CREFE. )
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HEEIRETER 25 B 4] (2016464 A)

SE I i HA i i S A AR S LA, BRI 3
N> 30 min ( Jfif# 0.1 L'min™ ), IBA{R RS MAL AT
PRAEVIRZS, EWIBRE, I 7K AR B TR R A R
e i, 38 Ny i F i Bk e L sh iR o

1.2.3 FFeeitR G E 7k

DURRIRE S IRE ., RS FK-TURRIRE S, 2]
HAFREKA, FETTRIA N 60 mL DNER, 74
PR PR HEEL 30 min, EEE.00 8, B LiERGL
PEE S, EE LR, AIHRBOR, TheikiE
KA FZET R, B 250 mL 280k, A
30 mL & HHbE, IRGIRIL, #rENEE, WEA
BUAH; KIS 20 mL 4 A8 H 1 k. &7
AU, RZEZIET, NoWRTIEHOEESR, il
FHETED R

IR AR . R = AP IR AR
ELHN 30 mL N, ZEFRIR ARG HEE 30 min, /5
BT, K LEWGS IR E A, ERE LR,
GIFRBOR, FHEfZR L LR TN, A 250
mL S, A 30 mL R, PRIGIREL,
FEEE, WEAYE; KERFH 20 mL 4
FEREE 1 R AIFANU, EZ2in+, Nom+
JEFHCNERESS, FRBCH s

FKFEFREL: HERRFREL 80 mL 7KAE, 8] A 250 mL
YRS, A 30 mL ARk, PRGIRI, B
HZE, WAEGHUH; KIERFH 20 mL & H
BEAEHL 1 IR BIFAPLM, HEEEint+, NoWk+)5
FNEESS, FRBCH 5N

HPLC % &4 @igkt: 4.6x250 mm 5 pm
Symmetry™ RP s £ s HEiL 25 C 3 WighAl: (2 ) -
7(0.1%W2K)=70 : 30, ik | mL-min™'; JEEEHE
20 pLASMIE K 210 nm,  FIREMEF, BB E S
PREGEE] A 9.2 min,

D5 % SRS AR B Y UTAR A bR
BT INK R 1.00~10.0 mgkg” B, “FH0allk
FH 81.7%~86.0% , X Ar M2 (RSD ) N
2.60%~5.10%; 4 4 & rh BR AR I W IS I AKE R
1.00~10.0 mg-kg™ i, S EICR N 77.4%~89.0%,
FXFRAEM 2 (RSD) N 2.90%~4.80%; 7K FR#sHN

JK3E S 0.50~10.0 mg~L'1 BF, 2k R Ry
82.4%~88.2%, RSD N 4.20%~4.60%, TF I iAfai
SR FRO B B MR VR HE 0,05 mg L,
R MOTUVREE S 0.05 mgkg!, K M
JE4 0.01 mgL,
124 FIFELAHE

R 95 2 - P 0 L 2 20— 2

. ‘ . In2 .
jj%ﬁﬁ:é’ ﬁ/l-\\it Ct:COe_k N t0‘5 = 71+%:Ej:

e rREfE sl UR, GO o i IR )
RS, mgkg's Co b EHETILAYIVIG T i
mgkg's k MBERRHCRTEG bRV, B
AN Ch) 80K (d)s gos AREMEEZE], A/
i (h) 2k (d)s

IK-UURR M R LR — S B 1 7 R 4R A

) & In2 | R
K C=Coe "« M=Moe" . 1, == VSR e

AR RG], e GOl e KA
g BE (mg L' )5 Co g /K AR Hf B 400 6 ke
(mg'L"); k HFEMEREEG  NIREFRNNE] . Mok
A RGETIRIGE SR (mg); M,oN ¢t RSN RS
H S (mg); tos Pl & WRERERE 5L
2 ZR51e
2.1 IEERAE T IERAREEESE
211 RREER LE P HF

HAT, EWNAMERZTEE & s,
Z %A Hamaker (1972) #&H 1 —2 3 J)2- BRIk
IR, — 2N ) AR T AR 2 R (R 2 1 50
RG0, MEMAR L AR T A 2 it ) A2 Ak S FE 4k
BAm A — o . s 3 AT, BRHRUE e T g 4r
8 KIBIKRE AR 2R+ P A R s S AT A —
RN W, TEPHLLEE . KiKAS
T AARAC R R R ] 20 99.0. 99.0.
77.0 d; BUKIRASM TR 518 173,
173, 63.0 do FEAfHZRUT R 1L PG L1~ R KA
+<FHIeB A+,

£ 3 HABERERREE T EDRERENNZE

Table 3 Degradation kinetics of cyflufenamid in different soils

Kb Treatnent 1157 Soil type — 23l J12 )7 & First order kinetics equation  #;,,/d k r
JLVPH£13 Jiangxi red soil c=8.413 10" 99.0  0.007  0.966
U441 Aerobic conditons KWK A 1 Taihu paddy soil c=8.031 3¢ 99.0  0.007  0.957
754t + Northeast China black soil ¢=7.849 7¢0% 770  0.009  0.926
TTPYLI3 Jiangxi red soil c=8.538 4¢ "0 173 0.004 0918
FUKIRS 254 Anaerobic conditons KWK FE 1 Taihu paddy soil ¢=7.510 10 173 0.004  0.940

y

%4t 1 Northeast China black soil c=8.831 7¢01! 63.0 0011 0974

n=2
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U RIBUR IR S T AR A R AR A ]
e Rl Ei] 6 ) PO AN S I B 3 I W S A Wi A e
TR FE EAEAR RS B A AR AL, o
FEUFSE R T AR 34 99.0 d, 7ERUKIRSR
AT R 173 do [RIET, FEARIEEE AR R 8
PR PG LR A KRG L o PRT R e e D P
AHUR & i m AR R+ P e, ZEA PR
B AR KWK - STV LT AR A
212  EIEIAME Rt e fRAE R 69 %R

NP SN Nl o AL AR S N1 |
ARk S H AR & & . pH
(S EE AT B R T R R A3, 255036 4.

M3 4 IO, PRGN AE b Rt s
515 pH HMZMAICRECH 0.963 (4f5 ) Fl
0.963 (R4 ), Wil L oar iy EAHetE, +i
pH B PR HEAE - 33 v 1 A AT Ll B 2 5
M, HIEA PSR  Z M BA G 0.780,
0.780, MEEAMT , RATE LI IREfE = E AW
DNHHMER, —ER2GE I s R, —
YIRS (XN4E5E, 2006 ), RZ57EHIEFHY
FEARAIRE TR ARG A B T, 1 Hak 5 £ 158
A o6, TR . AR & A+
S S 5 5 i) A v O e A B R R A ) —
10.00
9.00
8.00 BXS
7.00 F
6.00 F
5.00 F
4.00 F
3.00 f

2.00
1.00

w/(mg-kg!)

REFENE ., AHUREG RS MR, A
MU & R IR HE AR 03 Sl s AR 24 I e A o Tk
IR 25 P R B LR —, X
Pk R AN AL, BP9 R PR SR ) R
Wi E R R SR R BN R, AT b ity
KRR R, URokey T35 B s i Al
TR AR, X b 2 R R A A AR A
(RS, 2004 ), Davidetal. (1991), FLEEPES
(2012 ) XF 8 HE O TUAE DR A oR 45 R, 5
FRAERUEIPERTT, RS EHZMIE
SRS Wi, DTSR i P e M — B U R B
SRS (2016 ) KPR 4358 oo A (1) R A 1 R B
R TRl e B AT 1LV
2.2 INEERRFEK-TUARY) o B BRI

R K-DIBY) R G I REAE ], R
HIEKAESRGAT R ERMIEEYEER R, &
TR0 19 48 A T [ 9T Xl DX LA AR e M AR 7k - DT
A8, A SBUKRAEMT, WE T PR
TER-UTR) R G h RESRVE R, PPz 25448
IRBE 0L R AL T AH R R0k
221 WFRERAEM T oR-—ITBRYEHRAER

fE 25 CHBEAM T, WHEMEETASKE
¥ SN S SAR e

0.00 - : - - - - -
0 20 40 60 80 100 120 140
t/d

o VI PG 41 4% - 445 Jiangxi red soil-aerobic conditions

o KWI7K G 1 -4 Taihu paddy soil-aerobic conditions

a A6+ -1 % Northeast black soil-aerobic conditions

x YL PG 21 - K RS Jiangxi red soil-water anaerobic conditions

x KK R £ -BUK KA Taihu paddy soil-water anaerobic conditions
o 4L+ -FUKIRA Northeast black soil-water anaerobic conditions

B REERESEEE T ERRERE L

Fig. 1 Degradation curves of cyflufenamid in different soils

x4 TEBAERXNTRERTIERERIE

Table 4 Degradation of cyflufenamid in different soils

I8 551 Test conditions

T+ Soil type [7] )5 /2 Egression equation A 2B r Correlation coefficient

7B Organic matter #14, Aerobic (x}nditonﬁ t,=0.7471M+110.77 0.780
FUKIRS Anaerobic conditons 11,=3.7459M+232.3 0.780

q #f-45 Aerobic conditons t1,=-10.821M+157.5 0.963

P BUKRS. Anaerobic conditons t1,=-54.253M+466.58 0.963
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3+ 5 WAEIREAR R LB K-TRY P bR

Table 5 Degradation kinetics of cyflufenamid in different soils

Kb ¥ Treatnent PUR2EA] Sediment type — 445 1247 F2 First order kinetics equation tip/d k(d'l) r
. . . YT River ¢=3.1197¢03% 21.7 0.032 0.983
S 2% Aerob dit o
SFAREAT Aerobic conditons WM Lake =3.7185¢002% 24.8 0.028 0.995
. ) ) Wi River 0=3.3144¢0% 24.8 0.028 0.987
AR A b dit X
PRFUEAT Anaerobic conditons I Lake ¢=3.4443& 005 30.1 0.023 0.978

n=2

FH 3 5 AT UL, S5 R e T RS /K - TR )
L S O e I el ) i =yl
(r=0.978-0.995 ), U485 T, A RN LS
WA DU R GE Rl 101 00k 21,7
24.8d (£k=0.032, 0.028 '), KESKMUT, WA
JEAE ] 35 WA TA K -DURR A 2R G0 TP R 22 3043
Jg 24.8. 30.1d (k=0.028. 0.023 d'), HFHEEMUT
(AR A R M ARSI, i S o R A 3 o
(IR, X —45 15 SR T A 46 SR A —
H; RRIZADK-TURY RGP R 2 A 22 R
K, TR G H I R RS R T R S, X —
g L 5 e (R L — L, DU A DL
FrilEy, PRAECRRER R, S YR TR
H RS R ET f) E LR AR, T DURM AT i
P 2 5 M A 3 PR M A i TR 1 R
222 FREABELK—ITARY RGP0 5 A

KUY R G R ZFE Y . 154
Mo, RS g KD . BRKHER . R

6.0 o Total/10" mg

— 5 Water/(mg-L™)

g 50 p
§ 40 | —a— Sediment/(mg-kg™)
=
§ 3.0 y:5.177e-0.011x
3 20 =0.964
£
® 1.0
00 A 1 1 1 1 1 g 3
0 20 40 60 80 100 120 140 160 180
t/d
WRA-K DB RGP 4R)
Lake-Water/Sediment system (aerobic conditions)
5.0 o Total/10" mg

_E_Water/(mgl")

—a—Sediment/(mg-kg ™).

¥ & concentration
o
o

y=4.242 30005

0 20 40 60 80 100 120 140 160 180
t/d
- KR 2 5 (R4

Lake-Water/Sediment system (anaerobic conditions)

¥ B Concentration

-5 efl S5 77 KHEAOKAR, R ORI+,
T J 7 —E A5 T S KRBT ok, ik
(LSERVQETIUNEE S SIS AR O S RE AN hN -/ (i
DB ARG B3 A I DL AT AR IER O 2, A
I BN AE T 390 WA K -DURR ) R GE v 1945
ORI DU, KR-DIUBRI RS ) WAk,
LERILIE 2,

R 2 AT, RGPS S IRAARIET , TR A
TR -DURR Y 28 8 Hh 1R B0 G B e 147 m] B Rt v 7K A
TR E A . DL A 24 5 et 2ok
A, DI R &R (i S B R T R
W R RERIBIEIAR, R i T 17 d, HfEDIER
SRR 17 d AR EZAE I A DR/ M A
17T i J0) 2 B R e T A P o KA P B IR R
AR T B R BRI AR T RS R-DURR A
G V1 PR IR T ) R R A 5 ORI b B i 3
Pk, UL WA JRRR e A 7K -DURR M) 2R Gt Hh e fip T 2
SR TP I ACZ A AR, KRR B0k

7.0

©  Total/10" mg

6.0 —&— Water/(mg-L™)
50 —=&— Sediment/(mg-kg™)
4.0
3.0
2.0 3 =4.396 70004
1.0 r=0.937
0.0 A 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
t/d
- K TR R G4
River-Water/Sediment system (aerobic conditions)
70 ¢ Total/10" mg
£ 6.0 —e—Water/(mg-L")
E 5.0 — a—Sediment/(mg-kg™)
g 40
!
g 3.0
A 2.0 y=4.173 370-004x 4
¥ Lo r=0.937
' —a— —a
0.0 A 1 1 1 1 1

80 100 120 140 160 180
t/d
W KITR R G (KA

River-Water/Sediment system (anaerobic conditions)

0 20 40 60

B2 IREEREK-TARY RGP MRS

Fig.2 Degradation of cyflufenamid in water-sediment system
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Degradation of Cyflufenamid in Soil and Water-sediment System

WU Wenzhu, CHEN Quanbo, SHAN Zhengjun*

Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection of the People’s Republic of China, Nanjing 210042, China

Abstract: Cyflufenamid is a new type of amide germicide, and its environmental behavior has caused increased concern.
Biodegradation of cyflufenamid in soils and water-sediments were systematically investigated through simulation test in laboratory.
The results showed that the degradation rates of cyflufenamid in soils were 0.007, 0.007, 0.009 d' under aerobic conditions, the
half-times of cyflufenamid degradation were 99.0, 99.0 and 77.0 d, respectively. The degradation rates in soils were 0.004, 0.004,
0.011 d' under water anaerobic conditions, the half-times were 173, 173 and 63.0 d, respectively. The degradation rate of
cyflufenamid in different soils were in the order of Jiangxi red soil~Taihu paddy soil < Northeast black soil. The pH of soils was the
main factor influencing degradation rate. In water-sediment system the degradation rates of cyflufenamid were 0.032 d™' (river
system), 0.028 d! (lake system) under aerobic conditions, the half-times were 21.7 and 24.8 d, respectively. The rates under
anaerobic conditions were 0.028 d' (river system), 0.023 d' (lake system), while the half-times were 24.8 and 30.1 d. It was
demonstrated the degradation rate was faster in river system than in lake system, and was faster in aerobic conditions than anaerobic
conditions. Because cyflufenamid have long-term retention in sediment and soil, and more attention should be paid to their residues
in the environment.

Key words: cyflufenamid; soil; sediment; degradation



