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Forms Distribution and Ecotoxicity of Three Forms of Sulfonamides in Root-Soil

Interface of Maize

JIN Cai-xia', SI Xiao-wei'”, WANG Wan-feng', WANG Chun-feng', WANG Zi-ying', ZHANG Qin-wen',
WANG Wan®
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Laboratory of Environmental Pollution Control, School of Environment, Henan Normal University, Xinxiang 453007, China;
2. Judicial Authentication Center of Ecological Environmental Damage of Henan, Zhengzhou 450011, China)

Abstract: Forms distribution and ecotoxicity of sulfonamides in root-soil interface of maize were studied by chemical analysis and
luminescent bacteria toxicity assay. The results indicated that the water soluble residues were the main form in rhizosperic soils, and
the organic solvent extractable residues were the main form in far-rhizosperic soils. The three forms of sulfonamides showed relatively
lower toxicity to luminescent bacteria with the relative inhibition rates less than 30% . The toxicity of water soluble residues was lower
than that of the organic solvent extractable residues, and the bound residues showed the lowest toxicity to luminescent bacteria. The
contents and relative inhibition rates of water soluble residues in rhizosperic soils were higher than those in far-rhizosperic soils, while
the contents and relative inhibition rates of organic solvent extractable and bound residues in rhizosperic soils were lower than those in
far-rhizosperic soils.

Key words : chemical analysis; luminescent bacteria toxicity assay; sulfonamides; form; toxicity
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1 #RE5FE

1.1 5k
L1140

TR B T R I R AR AR B R 2 1 (0 ~ 20
cm) , JB T AR ZZ AT A0 Ab 2 5t 15 G 0 3 v 15 ~
20°C AT, 2k 1 mm B FS A5 . A SR Y R AR P BT
N :pH 6.31; BHES ¥ 384 it 12.26 cmol-kg ™' ; TP
(H#5)0.04 mg-kg ™' TK (S0, 18 mg-kg ' ; A
BT 1. 65% ; B4 13. 4% s Hihi 24. 2% .
1.1.2 240 5l

filf e WEIE ( Sulfadiazine, SD) | i i [R] B 420 W% g
SMM ) HI A e HY g w
( Sulfamethoxazole , SMZ) 5 ity ( [ €025 &, 4l
99. 0% ,FH Sigma 23 H)) ; PN (LEEE >99. 0%,
Alfa Aesar AH]) s HEE . 2. PIER (k4 56
Fisher 28 F]) 5 i85 FHZK Ry i 4liK .
1.1.3 {¥4#

Waters /5 R AH (354X ; Waters 2475 52 GAG
#% (Waters, Singapore) ; Waters 1525 Binary ¥ 57l 4
%2 (Waters, Singapore ) ; DXY-2 7 A= 1) 353 P il i
AR AR )
1L.1.4 LY

B = & S5 # ® T3 /N F ( Photobacterium
phosphoreum T3 ) ¥ 1 #5 ( B 50+ 5E0F 5% fr ) &5
fs R 0.5 g, T2 ~SCUKEERAT , R0 N 6
AH. R IR GB/T 15441-1995 #E4T &G40
PRI, B E T %A K SR, 2 min J&
RIT 52 75 .
1.2 Bk
1.2.1  RIELRRET5

FREL— 2 5 PR 25 RN R — Al 81 4k A L4 A5UIS
AT, FeAf A N 0. 15 g-kg ™' ,P,0,0.15 g-kg ™' ,K,0
0.1 g-kg ' IRSIEHCE 3 d. B — & 1R MY i
W IE i g (R P 4 1 e i g P s 5 A, R L3S
SJREN S (A B AR Y 2R 25 WA b R b
FHRMNA0, 2.5, 10 mg-kg ™ RE . HES d )5

(' Sulfamonomethoxine ,

W5 P25y 0 SC R . il e s W ) ST
3R 1,89 4.25 Fl16.73 mg-kg ", Bl g ] FH 48 s
WE A S S 43 ) R 2,07 L 3.90 A1 7. 74 mg-kg ™',
i e PP gt f S0 5 0 ) R 1. 64 2,86 T 6. 71
mg kg ' ORI FARPRFE D, A 1 kg MR-t
TR0 R Z2 A AN TR () 25 [) PR AR 42 1 v e DX s
1 em SHARPRIX FRLACA RO E R 1 em AR X
3 cm LAGMHEEAR DX W00 53k 9 )2, B Al 7 o
300 HJE e M A HLIE FAE.

T KFFIRILT 0. 5% B U R BRIV T I
20 min J& , FIEB K Mk R TR bR AR .
TFERERD 10 kL, BT, PR 5 bR, BEFR A DR 4
45 K A T ) e R K 5 1) 60% ,3 IR EL A
KPR PR BORE  FEFIAE 10 d 5 BRI AN ) 351) i
TR TRAT I LR B R 2R 25 3 MBS
T
1.2.2 TR EREU

JEAG RKES A O AT S S g &
25,2 18 Mordaunt 251" 5% A9 3% S2 9% 5 $2 B3k 2
B, K¥AEZS R 0.01 mol-L~" 4 CaCl, HWAE 4k
WO, A ML TR UGS 7 B H B . 2 . DI T
AP BRI, 25 5 A S IR R
B, 16 DL B R R U B3R A 2 mol - L™
NaOH 1E A & O/ #1735
1.2.3  HPLC Al J5 i 5 ot g 42 il

GHEE C o PR/ FE (150 mm x4.6 mm, 3.5
pm) ,Clgﬁf)ﬁﬁf( 12.5 mm x4.6 mm, 5 pm) s
FHA 0. 5% VK SR AN CE , 2R A BE BE B - Omin, £,
5:0. 5% VK22 =30:70; 10 min, ZJ5:0.5% vk 2.
1% =55:45 ;& I K :405 nm, KRS K 495 nm ;i
FERE 20 wL; . 1 mL-min ™' FEIR35°C. Fo il Hk
JEJERIN 0.05 ~5 mg-L~" IRAPREIRI, BEMATA
fEJEHE HPLC M5 , FF 2 il b of £, AH O R R
BIRT0.999 0. SR FH AR I 5 [l sg 52 G I B
TE 0.5 ~ 10 mg-kg ' WM JE T 2 B E K
86.5% ~94.6% , % 5 ZEBUNT 6.4% , K I BR 2y
1.0~2.3 pg-kg ™.
1.2.4 B2 RGN BEPE K

HH % R G 4 TR 3 P AR IR H 3% TGP NaCl %%
TR ) B M RS R 0.02, 0.04, 0.06, 0.08 .
0.10,0.12,0.14,0.16., 0.18,0.20, 0.22, 0.24
mg-L~" [ HeCl, I, T 4 CORAEIF AN I 24 h, 3%
M8 GB/T 15441-1995 #EA7 A G P 25 1.

T AN )T S e 215 245 1 %68 BH 5 2 ' 4 T 1)
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PER, DL PR S 5RO mg-kg ™' 4 T ERE 5 R X BE
ArRIFEIE 1. 2. 2 1 TR SR IO TS RDE A B e 2
i AT IR, T4 IR GB/T 15441-1995 #E47 &t
20 B P A
1.2.5 X &Onm B R AR s A iR A5
NI _ BERRGRE
HIMEIEIRIZ(% ) = Srmmee oo e
FEXT RN (% ) =
X BRRE i ROGER S — BERRROCREE | o
X HEARE {0 B

100

2 H#REITiE

2.1 3 PR RE 25 W AE AR -+ R 0 25 ) 3 A

IS5 R S 2 (s e 3o — B DL R 2
HATGY ) H G, FEAR IR AT 5T o, R B T 7R 2R
Berpok R A 1) 3 A e 28 25 VR S ki 2h 4,
FELRA Y 20N AE 358 b, LAfEE 07 S M A
Pl HEPR B B e S 2 W T e L. 4 P e
KEPYIRTE AT 43 KBS A | A AL 7 AT B S A
GEGANX 3 R fE L AT MRS RECN 10 d B,
FE —E AVERT  MRPR XK A0 & e, AR
XK Z AR X A B, 76 10 mg-kg ™" (403
YEFT ARBRIX 3 AR DXORN 28 AR XK A 25 1 1 B 40
SR 8. 171, 5.618 F15.072 mg-kg™'. XA HESZH
TR XAEYIAR 2206 % 4R 25 X ] Bl 33 5 —
AT ALVE I A R T 259 KIR A B AL, R
FR PR DX AR 5 1 B AR DX R AR X 5

X F A ML R SRS S G4, YRR3R KA
H10 d B e —FEAEH T, AR AR X 1) 5% B
TEE TR ARPRX. #, 76 2 mg-kg™" #
AEFAVERR AR PR IX | AR XORI 2 AR DX AT HILS 77 7T
PEES B & a4 0N 0.665, 0.744 Fl 0.898
mg-kg ™' 45 A A B E &40 0.001, 0.017 FI
0.021 mg-kg™". X RESE M TAEMRPR X AR R4
i, FHER A P I PR RAR O 25 T A AL
JoT s G T R 6 S B AR AR B U R R 1A
PLAS R AT PR IS otk — D i b R K S i b D
PRUE B B R e v, P, S AR XA HILI ) ] SRS
o R . 450 SRS M i ) 5 1 g
AU, A S Z R e A Y
PRI AR A IR, 25 R KBk 10 d
B, AN TRIAR - A U1 T I B ) il e 25 2 W 485 5 25 ) i
YRk, AN YRR X A, AR T
S5 MIE R, B, 456 B TER BR X 19T i &

A
25 LA AR B DX A P B S 2 R LK
BEMEXGFE, HEed 53 MIESRER
60. 6% ~79. 4% , HUCRA ML R T $EEUE, 24005 3
LS MY 17.3% ~39.3% , 458 S & &
%, AL 3 FESBRE 0. 1% ~3.3% ; i fE iR
X, - 38 ik e 25 24 W 2 B LA BILY 7 ] SRS Y
WA, HEEA L 3 FESEEN 50.0% ~
65.5% , KB KER, A5 3 HIESLEMN
31.5% ~45.0% , Z5 G A& E Rk, A 3 A
ST 1.3% ~5. 1% 5 AR X 358 s e 2R 25 1)
FEAFEI SIS A MU TR BUS , =&
AN 3 MBS B 45.0% ~ 51.8% F
45.6% ~53.9%. L] UL, AR BRI BT X A0 R TG Y
YIS 53 A1 7 A B K5 .

VLA, R T AT FE ) — AR - B, & AL
FIVER T 48 3 FOE SER IR 25 S B T
REEAFER T & Flan, 7E 2,5 F 10
mg-kg ™' MALERVEF T, MR PR XK 5 25 19 2 43 5
9 1.025, 2.837 F1 8. 171 mg-kg ' ; A HLYA I Al $2
BUZS B & & 40 5k 0.666, 1.245 F1 1.781
mg-kg ™5 &5 A A B B 0,001, 0.070 Al
0.340 mg-kg .

10

| oK
O A7HLE AT AL

8+ B HiEE

6+

B R A fit/me ke !

2

510 2 5 10 2 5 10
HERR IEMRX AR X
bR it /mg ke

Bl1 FAREMR-L7RE3HESEREGYNEESE
Fig. 1 Contents of 3 sulfonamides residues on

different root-soil interface

2.2 MR-t MEERIE Y 3 ML R OL U
VRN

MR 2, M52 KEON 10 d I KIE S A HLIE
F AT PR %o W 22 2 ' 20 A 489 2 B o 75 i 4
FH. ARPR XK I 255 B 52 22 ' 4 B 114 R Xt 2 P 1 o)
BRFUIRXFHEARX , 7E 10 mg-kg ™" HI&=AEH
TLARPRIX | MR XORTZE AR XK I8 25 X6 & 56 4 B Y
AT EEMED R 2R 23510 K 3. 60% | 0.87% F10.72% .
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TG AR DX AT ALY ) ] R B 0T 2 o' 4 T 1) 41 il
YEF AR Br X AR XRS5, 9140, 7€ 2 mg kg™
PIALSVE R AR BRIX | 3 AR XORTZE AR X A BLIE 711
AT S XT O A TR A AR X B A 23R
0.51% . 0.84% F10.91%. & 1 o] %0, KIEASF
A HLEE ) TSSO & A0 B 1A X BRI R
B 0, SRl sy, X &G B i B A A
M RPEAE R B R >0.7. RSN LI
S RICAFRAE BRI YA BF9E T 18 ARk 2519
SRR, AR R ORRIAR 2506 K A T 1 2 B
PEAE — 5 W 2 S0 R N 5 MR B 2 TR A G

6

LI €5
s| 0 AL AT
=] g}iﬁﬁ
=gt
*
Z 3}
1}

1 1 1 1 1 L 1 1 1
2 5 10 2 5 10 2 5 10

HRRIX ALK MK
AbER fit/mg kg

2 AEIMR-LRE 3 MESEBRELY
AR R AR AN F I H R
Fig. 2 Relative inhibition rates of 3 sulfonamides residues

to Photobacterium phosphoreum T3 on different root-soil interface

A TR 2 T] AR B DRI AR XK A 11 75
AL AT SR R (3 G & O A T i
R TA PRI RIS, d i AR IS 2 P
FIE S0 1C, (6L AT 11, i i 288 245 ) A AL 37 ] i B
B 1C, T M 62. 547 mg-kg ™", KIS 1C,, 15 N
109. 448 mg-kg ™. BN, 7E 5 mg-kg ™' AYALHEAEH
T ARBR XK ¥ 2 f B 2 0% A AL R T RIS Y
2.3 i, MR TEA FORA P R AT S BCES Y 9/10; 78
2 mgekg ™! ALFAEHT, TR XOKIFS a2 &
FHLAE R IR IS 1.1 4%, B3 2 A AL
FIPTPREAS Y 2/5. — 7 ] Re S i TRl e 259
A HLE R AT P2 IO A B e R 2 W A R A e R v ™
A (BRI A i = ln 2,
WA =9, U3 SR PR 4R A B B PR BT DA
RICH R REPE TR K& 55— Jr i nl ge e T
T RS 25 W K A 5 A /D ok 1A SR BBOR A B
THLE T Ca* AR X B F a0 ROt al A
P RN | 345 5 800Uk A0 B PR
SER AR AL

AFFERI, MW A LTS G 0 o B AR
BF, RO CHH B R I W AR T 23 3G 5, 9O 70 WG £
DASRAHT A A A L, DA 44 B AR 9 1
AR | G AN B AR X % G 4 KT 100%
ARG A R 0 T, %F 2459 B0 — 2 A BT
PEFRE™20 . i L R 2 A L A A S IR
RS RPN G VER. 762 mg-kg ™' B4
FAEHTE  RPRIX 455 28 B % 3 A A IXORI Az A X
(70N, PRI, T 2 S A0 B ) S U P AR DX
AR IX 55 , 4562 O it 5 O RO A TR A9 5 PR 0
TEH R RAF MR A EER (R >0.9). #ES
mg-kg ™' WAL ERAER N, PR XS A E N &
(0.070 mg-kg ™) LK FHEM X (0. 144 mg-kg™'),
E T 22 4 P B U0 A P 5 T B AR X 3X AT fig
S TE G A —Eu NS &= T e &
DGR TR B IS AR ISR, TR Ak — 2 0 B i, HOe &
JCANTE 1) & 6 2R e i it e SR A ), 2855 8%
KRG S AE 2Bl o s i B mass. 7E
10 mg-kg ™' MALFRAEHT , AS[RIAR - 55 T T A1)
GBI IE R TAE 5 mg-kg ™' MIALIRAEHIT BR
TE I Z A L, TR, 45 6 A0 & 6 AN P 2R 30 H
SEOEVE . TR PR X 455 A& & (0,340
mg-kg ") KT IZAR X (0. 570 mg-kg "), R, #2
PR X 455 A8 0T 2 20 B 149 800 A P A e A DX S i
G 5 IR R AN B VR 2 Lt A
K MK RER >0.8.

AN H L 2 Al FE ] — AR - - R e AL
FRAEFF 13 3 O AR 2 25 W% &G AT 11
APEXCT 2 P A1 ) 23 1 AR S FH T AR G 2 A
O, AE 2.5 110 mg-kg ™' AUALBRAER R, M
IR DX 7K P85 285 06T & 't 240 B 7 R T 2 M 00 1) 3 45 3l oy
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