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On-line determination of emergency pollution of deoxynivalenol in drinking

water by flow injection chemiluminescence
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Abstract: A rapid, simple and sensitive flow injection chemilumines-
cence (CL) method was developed for the determination of deoxyni-
valenol in drink water. The method was based on the enhancement
effect of deoxynivalenol on the CL reaction of luminol-H, O, in alka-
line medium. The influences of various experimental factors,
including sodium hydroxide, luminol, hydrogen peroxide, Tween 80
concentrations were investigated. Under the optimum conditions, the
enhanced CL intensity was linearly related to the concentration of de-
oxynivalenol in the range of 0.001 ~ 4,000 mg/L with a detection
limit (36) of 0.001 mg/L. The precision was calculated by analyzing
sample containing 0.2 mg/L deoxynivalenol (n=11) and the relative
standard deviation (RSD) was 1.89%. The recovery rates were
67.33% ~94.50% under different standard levels. This technique
method could be applied to the on-line detection and emergency warn-

ing of sudden contamination of deoxynivalenol.
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Figure 1  Schematic diagram of flow-injection

chemiluminescence system

L.2.2 Wi RIS ROk

(1) W2 ZE A0 E B AR 17 mL/min, i A 1k
AW 0.1 mol/L, EAGHE 0.1 mol/L, & A e B 1 X
1077 mol/L, i PEF ¥ B 10% , DON ¥ J& 0.2 mg/L Y
SAET A A R BE 20,30,40 em, MEE IR 1A RE 75 AL BE
Wit ARG

(2) W52 5 i R 8 4% - TE AT 30 cm 1 S AL SR &
0.1 mol/L, & A LW ¥ & 0.1 mol/L, & K ik E 1 X
1077 mol/L, F T & ML i B 102 . DON ¥R B 0.2 mg/L 11
AT AR 5.7,9,11,13,15,17 mL/min, Y%
A2 RO T e B B ) B A 2% R OG5 BE L o e AR IR
1.2.3  RENEMER LR TEOCRMANE RS RN 750 V.o
AALEIRE 0.1 mol/L, F A ALK E 0.1 mol/L, & K ik ik
B 110" mol/L,DON ¥k i 0.2 mg/L {514 . R
7 43 5 e 10 26 ik 3 80,10 Y6 B # fig 10 %6 + - Joe K& ik 19 M
(Sodium dodecyl sulfate, SDS) .10 % -+ 7~ ki 2t = B £ 7R 1k &%
(Hexadecyl trimethyl ammonium bromide, CTAB), # £~
[i7) 29 TH {35 24 500 %o A 2 6 016 5 BE Y B2 Wi
L2.4 BREFRRAR EZmie¥LmENEERRAER
LBV B K 1 TR B i A SR LR 80 k. B
FIRH WA SO B 1,21 1.2.2, 6 A% A 1w TR
750 V., 43031 2 58 25 R R XK 2 R OGS BE (K 5

(1) SR AR BE I 0L 5 - 723 AL Ak T 0.1 mol/L,
EOREHRE 1 X 107° mol/L, ik i 80 ¥ FF 10% . DON ¥k B
0.2 mg/L By &N, 20l % 28 A A AL 8 4F 0.01,0.02,0.03,
0.04,0.05 mol/L B B4k & 6ok FE .

(2) E RV FBE R I% A8 i S AL R BE 0.1 mol/L, &
Ak G Mk JF 0.02 mol/L, ot & 80 ¥k JF 10% . DON ¥ JF
0.2 mg/L W4T, 4 3B LB KW 2X10 1,4 X101,
6X107*,8X 10 *,1X10° mol/L B} iy fb2% % Femm B

(3) o 4Ll Ak BE Y 5 < 7 AU AL MR B 0.02 mol/ L,
K FEY BE 8 X 107" mol/L, it i& 80 ¥k BF 10% , DON ¥k FF
0.2 mg/L W&, 43 % 52 i A AL S W 0.2, 0.4, 0.6,
0.8,1.0 mol/L iy itk Kk G E

(4) nk L 80 Hk BE AR - 76 A A AL ARV B 0.02 mol/L,
AL E U 0.6 mol/L, & KiEHE 8X10 * mol/L,DON
W RE 0.2 mg/L 4T 20 B 5 2R 80 WeBE R 220,42,
6% ,8% .10 % I} () fb 2% & T .

1.2.5  ma i Bt MHE B R I g5 2R, R Box-
Behnken #0431 R B xR G A R Ay 4 AR E S B
LA BE LB R TR BE i S A R BE T IR 80 ¥k JiE
A7 18 X 2R =K o 1 P A6 K58, F Design Expert 8.0 #14
X B BEAT [V 437

1.2.6  ArRufEMTZR e bl o % B Kok IR Af e TE LA IR A
PEF . E DON ¥k EEAE 0.001~4.000 mg/L I #1462 &6
SRAE . DL DON [y B 48 A6 B o 5 B2 O 9 Al A 45 1 B
o 2k T T ORGSR R

1.2.7  [EggENE R & 2 5 7E B kK R ZE
TR K I ACE 519 DON & [0 iR, I % B kK iy 1 4
BT T

2 &R

2.1 REZHLER

B - A A SR R LB R R B R OB E A R
ST AR N T BT R R L R b T L
W £LAM 360G BEHAE 190 ~400 nm X 4 b 9% W A7 52 4
WG 4 b L AR LR 2. oK AL A A AE 289,
345 nm AbF 2 L 4 A DON Rt i 80 J& » W i) o7 &
FEAS WA AR AL A T At 0 1R B, 15 B AL DON itk i 80
JG VA HE OB B T . DON R i 80 7E3X — 14 & 7 vl fig
FMERE T . Bpy BLE AT 68 - O B oK Fi i A AL A AE
W &T BB E T © BTkl 80 MATE, A T
b2 RO RN A B s @ 1 TR B o B 1 A AE L 3-
FEAPOR W IR AR A w4 L BOBUR S Hh )R 1 75 i 4 K R
RGP, DT 1 A A 2R 00 Ak 2 KOG R
22 MEBRESHEESE
2.2.1  RBNEALHTE PR AR a0 i B I O U
A FERB PSR T IR AR RS E Y Sl T
FE 7 0 s DR AR TG v 0 R . DR R B A B 0 B A T
B AR EE N 30 em,

2.2.2 MRS AW HER KR A S I 0 E
SESHL  dy B3R TE R B 1 A B L FE R 13 mL/ min
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Figure 2 UV-Vis absorption spectrum of CL system
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AINBR A5 5 Mo b i I RO 58 A R A BRI T B
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2.3 REFEMEFEERFE

2T I P ) B A 00 7 L 3R RABE L A R R
SRk R R E . hiak 1 ﬂ%ﬂ,ﬁ DON 0.2 mg/L

Bk 3 80 BR B i . SDS Al CTAB X Kk i —it A 1k & &
FRA AR kR 80 Y M8 R i v B2, CTAB 7 ML
AR P B @ UTTE L BT RE R TSN Y R BE T AR T
P& X5 3CHRL26 148 — B, Nk 1 £ ki 80 1 iz ik
ENE i
24 H{ERETHNFHE
AW AR R R L 4. fEERE

®1 REFEF DONHUFRNBENRIM

Table 1 Effect of surfactants on chemiluminescence of DON

Fm Ak RO sy
1 PR =H DON
-5 80 80 587.33+3.40 120 958.33+3.40 1.50
iR 572 223.67+17.97 807 141.674105.59  1.40
SDS 2 332.00411.43 509.6749.10 0.21
CTAB 155.00+3.56 218.67+2.62 1.40
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Figure 4 Curve of the chemiluminescence system
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s A AL EE R 0.02 mol/L B, fh 2 K658 B f K L Bl
Ji 6 BE KA, mT R A TR 80 LS L 7E i HL AR FH 0B SR
YEFRTF o 7 0P 1) & SR 325 kR 3 4 8 B v Y i g
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Figure 5 Relationship between sodium hydroxide concentra-

tion and chemiluminescence intensity

2.5.2 EORIEVREEMIERE BRIk Ak 2 R OB R Y
S UL 6L FE AR R BE 2 X 107 ~8X 10" mol/L K}, fk
2 RO 5 B o B K A M BE A R 1Y 9L 2 ORI EE Dy 8 X
10* mol/L B, A2 e il BE 3k 3 dme A PR O 30k 93 6 K i Tk
J& K 8 X107 " mol/L,

2.5.3 EMEWREMERE WA ATEAE LKA D
PER AR BB R G sR E. E 7 s R R RO
Biﬁ%ﬁﬂftamr“ﬁtﬂ%ﬁlﬂﬁ TE 3 A A AR B
0.6 mol/L B, £k 2% K& St o B 3k 3 5 K AH . o] B8 i T 76 B 7
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Figure 6 Relationship between luminol concentration and
chemiluminescence intensity
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Figure 7 Relationship between hydrogen peroxide concen-

tration and chemiluminescence intensity
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Figure 8 Relationship between Tween 80 concentration and

chemiluminescence intensity
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Table 2 Factors and levels of response surface design

, A G S/ BEKREWRNE/ CilsfbawkiE/ Dkl 80
e (mol*« L™  (mol+ L™1) (mol+ L™ HeRE/ %
—1 0.015 6X10"* 0.5 7

0 0.020 8 X101 0.6 8

1 0.025 1X1073 0.7 9

£33 MEERBRITRER

Table 3 Response surface experimental design and results

R A B C D b2 R o
1 —1 —1 0 0 153 466.3
2 1 —1 0 0 203 282.7
3 —1 1 0 0 100 959.0
4 1 1 0 0 436 723.3
5 0 0o —1 —1 1238.7
6 0 0 1 —1 4 389.3
7 0 0 —1 1 15 540.0
8 0 0 1 1 20 334.0
9 —1 0 0 —1 3 230.0

10 1 0 0 —1 14 400.7
11 —1 0 0 1 19 381.3
12 1 0 0 1 113 604.0
13 0 —1 —1 0 329 546.7
14 0 1 —1 0 19 381.3
15 0 —1 1 0 233 719.0
16 0 1 1 0 275 243.3
17 —1 0 —1 0 158 697.7
18 1 0o —1 0 225 111.3
19 —1 0 1 0 146 092.0
20 1 0 1 0 418 545.0
21 0 —1 0 —1 96 420.0
22 0 1 0 —1 12 403.0
23 0 —1 0 1 121 127.0
24 0 1 0 1 106 930.7
25 0 0 0 0 374 318.3
26 0 0 0 0 427 088.0
27 0 0 0 0 314 700.0
28 0 0 0 0 285 105.0
29 0 0 0 0 296 098.0
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Y=—1.612 96 X107 +5.827 54X 107 A —1.128 89 X
10°B+3.644 39 X 10°C 4 3.54 120 X 10" D +5.301 97 X
10"AB+4.152 60X 10°AC+1.964 75X 10° AD +8.716 33X
10"BC+4 108.333 33CD —3.343 38 X 10° A* —8.698 98 X
10" B2 —5.944 02X 10°C*—2.360 98 X 10°D*, €}

4 NMIATT B HER . B8 P=0.000 2<C0.010 0,
FUZIUA BRI W3 . KRB P=0. 390 5>0.050 0, AP
BT I BE A 3, U0 W92 7 R xR 06 i 005 R R 4T, LA
B P HER L T T4 ST AR RO I b, T
R — YR T A B P <C0.01 . 15 W & AL B vk BE i 6 2%

SRR B 38 . BC Y P A <C0.05, 6 B & oK i vk
Sl A b EWwEL EAERE .
2.6.3  WRFTEAAT B9 () ~ (D) BB T AF: AT 7 A
B % 28 BAE I A2 RO 52 .t B9 WA, AUE A
R P KT O (¥ O 7 TET 3B TR 0 P8 R X G 00 130 B L X R ol R
MR, X534 P R—3.
2.6.4 W R TATH d I ARG WU A% 4 T RN IR GIE 3 ok AR 1 1
e A T 2y R L A5 S 20 b A o B A T 4% 1 < SR B e B
0.02 mol/L, & K @k iE 110 ° mol/L, f 1k &l i i
0.7 mol/L. I8 80 ¥ & 8.13% , % & F T L2 K i N
465 378, g L I PR AR VR T oK B A I R R R AL B
W RE 0.02 mol/L, BORH M 1X10° mol/L, i # fb & ik i
0.7 mol/L, it 80 ¥ 8% . FEMAAF T #E4T 5 K TFATH:
I35 L A5 3 2% R SR BT (R Dy 459 116.3, 5 T
FHEE 5 AH X R v 22 42,9 Y6 o B i) 7 T A S A A A L S TT

T T 4SS Bl 0 T A R
2.7 MAEMKZ BEERKGHR

TERAL IR 251 F 5 L DON ¥ B g B A6 47 . AL 2% R 63
B A YA AR 22 bR e £ (B 10) . IR BRZ5 SR 1, DON ¥ i
1£0.001~4.000 mg/L B, HAG RIF LM R LT
y=55 903.542+426 996.48,R* =0.998, [FH%0.2 mg/L 1y
DON #E47 11 K47 5E AR X A v 22 (RSD) y 1.89% . AR4E
IUPAC iR - 7153 A th B Jy 0.001 mg/L,
2.8 MIERERRIELER

DU B R 2 187K 9256 25 [ R /K 78 3 56 A0 Ak 2% 14 T I
R H DON 5 S, 7558 28 JI0ACKR iR &l e el e, 45 58 L
F 5, MFRELER S 67.33% ~94.50% . [ kK [0 Z A 2%
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Figure 10 Calibration graphs for DON
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Table 4 Analysis of variance from regression equation

FERE HBEE I ¥io7 F 1A PH I 2 e
H5L TR 14 5.151X10'"  3.679X101° 7.85 0.000 2 * %
A 1 5.739 X101 5.739X101° 12.25 0.003 5 * %
B 1 2.881X10°  2.881X10° 0.61 0.446 0
C 1 1.041X 101 1.041X101° 2.16 0.163 4
D 1 5.845X10%  5.845X10° 1.25 0.282 8
AB 1 2.044 X101 2,044 X101 4.36 0.055 5
AC 1 1.061X101  1.061X10% 2.27 0.154 5
AD 1 1.724X10°  1.724X10° 0.37 0.553 7
BC 1 3.092X 10  3,092X10'° 6.60 0.022 3 *
BD 1 1.219X10°  1.219X10° 0.26 0.618 0
CD 1 6.752>X10°  6.752X10°  1.441X10~*  0.990 6
A? 1 1.971X 10 1.971X101° 4.21 0.059 5
B2 1 1.208X 1019 1,208 X 1010 2.58 0.130 6
C? 1 3.487 X101 3.487X101° 7.44 0.016 3 *
D2 1 3.680X 10 3,680X 10" 78.55 0.000 1 % %
""" #% 14 6558x100  4.658x10°
I AU 10 5.124 X101 5,124X10° 1.43 0.390 5
afi i 7% 4 1.434X101°  3,585X10°
SR 28 5.807 101
T % RIREFWE,P<0.055 x x FRIRE TR EH,P<0.01,
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Figure 9 Response surface analysis of interaction of four factors
xR5 HRPHEESERIAFENMIREERRE JE AT g S B ok AR S IR E R AR B 5 i B oK R A
Table 5 Results for the determination of DON in SN 5 BUE K BTEFE R 2 Y &G R FE RAG . BLANEAF
water sample(n=23) TE—28 4 g B P ROGIR AT 8 T bR T I0/E AR 35
LB 2 W RO 9T 45 SR . W] LAE4F 100 mL WA
- . Kot {8/ i 2%/ RSD/ AR T O BIF 245 2R T m )riun{ﬁ'(ﬁl&' y
B i - - 0.007 5 mg B £ Z WY £ 1R — 81 (EDTA) /E R HE#H - .
(mg+L™H (mg+ L™1) % %
TN
0.0 0.000 3 4
EE 3 0.2 0.13440.000 67.33 2.34 A58 A I DON X &K i -3 00 A M & AR R AT
4.0 3.0024-0.010 75.55 0.25 AL T — R sh i St b & R DON B ik . 58A
R 0 7 32 K LG S U Bl R R AR R EL A R TR L PR LAk
0.0 0.000 s
I BT P LR GE SRR N A5 O A, PN T DON 28 & PRk 75 e
+0.00: 4.5 . N
wmk O-I8950.009 1 9ke0 108 FR . T O T A2 % 0 vk L A I B — R

L0 L02070010 o061 08 BRI A, 5 T I B 4 R T B
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