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Determination of rimsulfuron and chlorsulfuron residues in
soil by photochemical fluorescence method

XIE Xiaomei, LIAO Min", QIU Xiaobai, XU Yagian, ZHANG Nan

(College of Environmental and Resource Science ,Zhejiang University/ Zhejiang Provincial Key Laboratory of
Subtropic Soil and Plant Nutrition ,Hangzhou 310058 , China)

Abstract ; Fluorescent ramification was formed when rimsulfuron and chlorsulfuron was irradiated by
ultraviolet radiation. The photochemical fluorescence (PCF) characteristics of fluorescent ramification in
various solvents and relevant influenced factors were investigated. Thus,a novel PCF analytical method
was developed to determinate rimsulfuron and chlorsulfuron residues in soil. It’s found that
cetyltrimethylammonium chloride ( CTAC) colloidal dispersion(2 x 10 ~> mol/L) ,with a certain acidity
or alkalinity ( rimsulfuron pH 7, chlorsulfuron pH 12) and illuminating 150 s were the best conditions to
determine the above two sulfonylurea herbicides by PCF method. Under the optimum experiment
conditions, the limits of determination were 0. 7 pg/kg and 0. 6 pg/kg, respectively, with relative

standard deviations of 1.7% and 2. 1% ,respectively. The method was successfully applied to analyze

I fs B #3:2013-05-18 ; 1& [E] H #§:2013-07-14.

EZE BN AT, £, W1, S TR, 2N TR IR RS2 F0 0 AL 7 1 B2 S5 898 TAE , E-mail : xiexiaomei@ zju. edu. cn; * B, 3l £
Y& ( Author for correspondence) , 5 , i+, 32 ) +IF IR (LA 35F , E-mail ; Liaomin@ zju. edu. cn

E®TE WA MIKEEETH (2012C37059) 5 B ZR A 2 ATl (Aol ) BHF L 35 (201003059, 201203045 ) 5 Wi TT.48 K 2% LE B QRN 3T
X Bhm



552 %

L
&3

A,

=2 Vol. 15

rimsulfuron and chlorsulfuron residues in three different type soil samples(i. e. ,silty loam, yellowish

red soil and purplish soil ). The average recoveries of rimsulfuron and chlorsulfuron in three different
type soil samples were 99.0% +1.0% and 98.7% +4.1% ,97.6% +1.7% and 97.0% +4.7%
96.7% +2.3% and 95.4% +5.5% ,respectively. It indicated that the estabolished PCF analytical

method was reliable and rapid in determination of rimsulfuron and chlorsulfuron residues in soil

samples.

Key words : soil ; residue ; rimsulfuron ; chlorsulfuron ; photochemical fluorescence ( PCF)
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Fig.1 The chemical structures of rimsulfuron (A)

and chlorsulfuron (B)
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Table 1 Characteristics of the soil used
BB A AH HETcHE HEEkE  PORALK Size composition/ (g/kg)
+ e pH
TOC/  Avail. P/ Total N/ CEC/ WHC/ 2.0 ~ 0.02 ~
Soil types (H,0) <0.002 mm
(g/kg) (mg/kg) (g/kg) (cmol/kg) (g/kg) 0.02 mm 0.002 mm
AN H KRG+ 5.97 11.55 39.57 1.00 14.59 520 650 288 62
Silty loam( S1)
WK RE 5.12 20.29 10.63 1.78 12.47 604 225 570 205
Yellowish red soil (S2)
TR KRS - 5.61 29.69 12.78 2.56 13.45 628 100 556 344

Purplish soil (S3)
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Table 2 PCF spectroscopic and analytical parameters for rimsulfuron and chlorsulfuron in various media

R At

R pH ik S S A Bl T

/\ex//\ vnx/an IE t:?rli'l/sp
Herbicides Media Solution pH or NaOH concentration/ ( mol/L)
AT H,0 78 317/365 3.2 300
rimsulfuron(2 x 10 ~® mol/L) CTAC 7B 317/365 3.9 150
SDS 78 318/364 3.0 250
DMSO 0.01¢ 371/425 3.1 100
MeOH 110 7€ 325/368 2.9 100
ST H,0 0.01¢ 312/398 1.9 300
chlorsulfuron(2 x 10 ~® mol/L) CTAC 0.01€ 314,380 5.9 150
SDS 0.01€ 312/398 2.2 250
DMSO 0.01¢ 369/423 2.2 90
MeOH 0.01¢ 314/392 1.0 250

TN MG MR E ,CTAC =4.5 10 7> mol/L,SDS =3 x 10 "> mol/L;® % pH; ¥ i NaOH ¥ ; ° PCF 43 #7 (1 ik & A1 S 4 5
B AR X I R B HRBE , ZeFNBRIR AN 28 AR SRR 3 dpe e A S I 10, AR 4 dp K PCF R (1) B
Note:* Surfactant concentration, CTAC = 4. 5 x 10 =3 mol/L, SDS =3 x 10> mol/L;® Solution pH;® NaOH concentration in solution;

D Analytical PCF excitation and emission wavelengths;® Relative maximum PCF intensity, corrected for the solvent ( blank ) signal;® Optimum

irradiation time , corresponding to the maximum PCF intensity (/).
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Fig.2 The photo-degradation mechanism of rimsulfuron( A) and chlorsulfuron(B)
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TOLE S A B F ., B4 " & Aaron
2OV BT I 3 BV B A T I ) o A
PR BT 058 A5 5 0 B HA R E R . AHiE
FEAE TR, fTAR ms sk [ FN S % PCF 9G54
JE R E e T CTAC BcfEH 4 2 x 10 7° mol/L,
2.4 RUFERREFE pH (B X005 E N SEE
PCF {5 SR ERI N

&l 4 JE AN pH AR CTAC %5 7114 Z i s i
R Ui b PCF 50555 B2 1 28 1k, BXUE: it e 7
BPEHy pH L HIN (pH 2 ~ 8) ¥4 805 1) PCF 535
T MR EE AR pH 115 ~ 13 I 4 A A X 45
5 PCF 9OG 5 5. H B 7 pH 7 K&
TR 7E pH 12 B}, PCF 250555k, PR 73 il e 4%
pH 7 J pH 12 Shy ASAFF 9 v i mas i o3 70 S i 26 ' Ak
= RN P e pH (EL
2.5 7 CTAC Kk o8k & f PCF £ 4 i iR 1
BEMSEENERE

TECHER 2 x10° mol/L .pH 7 8% pH 12 1y
CTAC JARSr AR 2 2R IR AT 150 s Ak 4%

150 [

f
100 [
50
[ )
0 [ )

O 1 1
-5 -4 =z )

PCF38f (1,)
PCF intensity (/,)

FIIE M) CTAC e XS 5L
log[ CTAC]/(mol/L)
AR % (rimsulfuron) ,¢ =2 x 10 ~® mol/L, A,, =317 nm,
Ay =365 nm, 1, =150 s,pH =7 ; @ i ( chlorsulfuron) , ¢ =
2 x107% mol/L,A,, =314 nm,A,,, =380 nm,¢,, =150 s,pH =12

B3 CTAC iREXHE SN EN S#E
PCF XHIESHREMNXR
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logarithm of CTAC concentration and the PCF
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Fig.4 Effect of pH on the PCF intensity of
rimsulfuron and chlorsulfuron , respectively
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fisk |2 A1 S0 B 9 K R (LOD) 43 51 2k 0.7 Fil
0.6 pg/kg, T il BENRERE 2050 19 MRL {57, H.
T SO 63575 - 55 SN 2% (HPLC-UV) 7548
[fl v B e R (10 ~ 20 pg/L) 7 g pr i 4%
S5 @r iy PCF kA6 AKRE i B ms it [ 1) 5% B8
B R e T, PCF 32k [R)RE vl A 250k ] st 77 1
TR 2R v A VO A O JOR SIS o R R % R, L
FRBRFFR X N — A [R] pH (I RIA R . AR5
rh R I ik [ N Sk e PCIF 35k A6y 00 XoF 1 14 5 A 17 541
R 2435 pH 7 FlpH 12 .2 x 10 ~* mol/L () CTAC
JEEAARATFRMAR 2R, T Y Wi 2 PCIF 6 A6 0 6k 10 1) A
A Z Jy pH 9.2 x 10~ mol/L i CTAC J {44y
Bk R,
2.6 TIERNIEEEIERSEEEARMEYRIEE R
SRR 4, 7E 6 DUSINACE T, XS it [ Al
e RS R EIN g N EED N e ol s | S
99.0% +1.0% f198.7% +4.1% , {E LT ek /K 75
F R 97.6% +1.7% F197.0% +4.7% ,{EHF
LR KRS 4350 96. 7% +2.3% F195.4% =
5.5% ,FW It #5714 PCF 43 #1715 AT T[] B il
FE AN [F) 2R A0 - 98 r (g A s i o 0 S B o, LS T &
AR —Fp Tt Al PR s I A
I ik oA SV [ A% B A RO s o

R 3 7 CTAC kS 80k Z b PCF L ENISHEEFMSBEENOITER
Table 3 Analytical figure of merit for determination of rimsulfuron and chlorsulfuron

in CTAC colloidal dispersion

» Jrigrierid; s - Gt B LOD AEF BRI i 2
W 5 log-log #rfE v opi
Ao/ A/ DM Mass conc. range/ ‘ MR r (S/N=3)/ 1/ RSD
Herbicides L REE k
(pg/L) (peg/ke) (n=4)/%
NI fiE R rimsulfuron 317/365 0.5 ~750 1.03 0.997 0.7 150 1.7
Z{fik[% chlorsulfuron 314/380 1 ~450 0.91 0.998 0.6 150 2.1

F4 7 CTAC RF5r#F Rk A PCF ENIE T IER S EMTEER R MBI R LR
Table 4 Determination the residues of rimsulfuron and chlorsulfuron in spiked soil

samples by PCF method in CTAC colloidal dispersion( means + SE ,n =3)

p— WK i M S i
Herbicides Spiked level/ Found concentration/ ( ug/L) Recovery/ % Average recovery/ %
(pe/L) S ) 3 s s2 3 S s2 S3
L B e 4.2 4.1+0.1 4.0%0.2 3.9:0.3 97.6+2.4 95.2+4.6 92.9x7.1 99.0+1.0 97.6+1.7 96.7 2.3
rimsulfuron 10.4 10.3£0.2 10.0+0.2 9.9+0.4 99.0=1.8 96.2+1.6 95.2+3.8
30.1 29.5+0.3 29.2+0.4 29.0=0.2 98.0+1.0 97.0+1.3 96.3+0.7
80.8 80.9+0.6 80.1+0.5 79.8+0.7 100.1+0.8 99.1+0.6 98.8=0.9
227.7  227.9+2.4 226.3+2.1 224.7+2.5 100.1+0.7 99.4+0.9 98.7 +1.1
314.1  311.4+3.7 309.3+3.1 308.2 3.4 99.1+1.2 98.5+1.0 98.1=1.1
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4:3% (Continued )
- wmoKF o {8 Ja] i -4 el g 2%
A Spiked level/  Found concentration/ ( ug/L) Recovery/ % Average recovery/ %
Herbicides
(pg/L) S1 S2 S3 S1 S2 S3 S1 S2 S3
R 3.2 2.9+0.2 2.8+x0.3 2.7+0.3 90.6+6.2 87.5+9.3 84.4+9.4 98.7=x4.1 97.0+4.7 95.4+5.5
chlorsulfuron 11 4 11.5£0.4 11.2£0.6 10.9+0.5 100.9%3.5 98.2%5.2 95.6:+4.4

40.4 40.1+3.4 39.9%2.9 39.2+3.6 99.3+8.4 98.8+x7.2 97.0%8.9

92.6 93.3+2.9 91.8+3.1
248.6

90.5+3.4 100.8 £3.1 99.1+3.3 97.7+3.7
246.7 £4.3 245.4£4.5 244.8+4.6 99.2+1.7 98.7+1.8 98.5+1.8

500. 1 507.5+8.9 498.4+9.1 496.2+8.3 101.5+1.8 99.7+1.8 99.2+1.7

1 (Note) : S1, # A HI 7K HF 4 ( Silty loam) ;S2 , B £T HEM: /K 5 1 ( Yellowish red soil) ;S3 , 3 47 HI 7K 4% +- (Purplish soil ) .

HEAh, X% 1 MR 4 JEAT 0 B J - B 5
AT B AN AR 5 B 185 I, TR i A ) SR o £
PSR A TR 53 b 838 vl AL R o R S
AIACFEARIS , TR A AR X B ik, HES A mT fE
Je R T/ R Rl A R U 5 TP AT L
RGBT B T 2545 B o (13 FiOR [ M 5+ 458
(P2 [ R R T 95% , WK AT 0. 1 mol/L )
NaHCO; (pH 7. 8 ) $i i+ 38 7% B Ay R 3 ik e 71 5
i e BA ARG B ROR , ELHA Bl T RS DR s [
SR E S AT LY B R LAy 18] A SR VR T ek
AT VRO I E S5 R B . EA BRI,
PCF {2 10 8 3 B 97 5 3 BE R M /N>
PR, 1 PCF 33000 - M rp RO b [ R S i e 7k
B N 5 A2 BB o 26 A B BBOBCR B2, 5 4
TR HETE O o

3 #it5itie

FREAAA ™ J5 v A R i ik o ek Sl o 22 2R A R
— BN EE , AT LA A5t 4 o PCE YA A AR
ik B SR A B A 2R SR 2 x 1072 mol/L,—
€ pH {H (R W fig (% pH =7 Je SRR F% pH = 12) (1)
CTAC AR IR R , ZEAMEIRSS 150 s,

PSRRI A A5 1T, B i et R S i 2 1) I i
W SPGB R R MR r
35124 0.997 F10. 998, K Hi FR (LOD) 4351 4 0. 7
F10.6 pe/kg, HHEG NG ZE A, PCF 34 7]
JH T 170 s 0 - A e A G %) L s i e o Sl e
BREA

T B T IR 2 55 17550 4% B G vk v, HPLC
AT XoF 8 3 A SR AR, HR S A T R B A
R UPI00 S T R A v P U L SR L 3 R EA T AL
Ay, ELGRIN P 5 Jm) B 25 T A sl Al M | B
Jit 0 Rt T TR S M 2 I SR

SE UK I 43 2 45 4 B RE o, EL AR o) 45 o IR
FELT S A I R 3 0 UMK R SRR B, LS 5 A
WK™ S AHIFFE S R W, PCF 3 K i s i [
T BERESR BR , SEIR T R 7 6 (i, SR
H6 ) 5% S0 ARG — 2, {H H ELAT SR MRS R 9
S PE P XA | T B A A3, B 5 A P 4
BT HEARSE &, BT g PR A 2 0 30 RS A (7]
PRBEA 2 PR IR S IR SO0 R B 1 70 o
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