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Kinetics of degradation intermediates during ozonization
of 2,4-dichlorophenoxyacetic acid
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(Department o f Environmental Science &. Engineering, North China Electric
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Abstract: 2,4-Dichlorophenoxyacetic acid (2,4-D), a widely used herbicide, was treated by the ozonization
technology in the laboratory. During the 2,4-D ozonization, the main categories of intermediates included
chloric aromatics, dechlorinated aromatics and organic acids. Some of these intermediates have relatively
high toxicity. Therefore, it is crucial to study the kinetics trend of intermediates diversion. Three possible
degradation pathways were proposed in this paper. Path ] was a simple chain pathway. Path ][ was a
parallel pathway. Path [ was a cross pathway, the most complicated pathway. The concentration
variations of main intermediates during reaction were analyzed by using these pathways. In addition, three
kinetic models of intermediates were derived based on the proposed pathways. The fitting result showed
that cross pathway was the best fitted pathway to explain the experimental data of intermediates
concentration trend. It was shown that the correlation coefficients of main categories of intermediates were

greater than 0. 94 in the cross pathway.
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Table 1 Main categories of intermediates during

ozonization of 2,4-D

Symbol Categories Including materials
A 2,4-D 2,4-D
B chloric aromatics 2,4-DCP, chlorohydrquinone,
chlorocatechol, chloroquinone,
chlorophenol, and so on
D dechlorinated hydroquinone, catechol, quinine.
aromatics hydroxybenzene (phenol) ,
and so on
E organic acids maleic acid, fumaric acid,
acetic acid, oxalic acid, formic
acid, and so on
F end products carbon dioxide, hydrogen oxide
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Fig. 1 Comparison of model data with experimental data
(Temperature of solution is 20 C ; pH level of
solution is initial pH level without other additives; gas
feed rate is 0. 8 L * min~'; [2, 4-DJ,=100 mg+ L 1)
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Table 2 Correlation coefficients between model

data and experimental data

Categories Path [ Path [ Path TI
2,4-D 0.9983 0.9983 0.9983

chloric aromatics 0. 9037 0. 9872 0. 9792
dechlorinated aromatics 0. 8345 0. 8642 0. 9599
organic acids 0.8778 0.9127 0. 9485
Cl=/2 0.9718 0.9675 0. 9659

TUFNSE G 45 R AU LB AF . M RECH R T 0. 94,
AR 1 e fay A gk SO L HLRE . 4% 28 o ) 7= A
PR XS i A A A EAE R A BILIR VR L
AHAFHY . HoAb = Py A R 22 . CE 7 A 1)
7RI LR 2 B A ¢ &R K T 09000, [R) B
FO7 A I R R A G R B AN BIAR . AR 1] RERR
U ol SOT R A (R=0.9872), {HIG
SFOF AL S W A HILIRR 2 10 R B0 K 4l 5 9 6 i di A
ZEROR, ORI AR OC R R T
0.9000. AHLIRICHIA K RELERAR | A e i
B AR R . BRI 5 IR 2.4-D (i fi i) 5 %
P, H BRI i AR 2 2 1A %, I
FEX A A D 4T

3 &

2,4-D R LT = | YA & A5 & R Al
Y. TR EBEBRTY . AR R
AR R R R . EF X EE R R E R T 3 A
ATRE M BRI 2 . AR 1 R BE R, BRI 2T
i, B2 XaUie. 3 Fhig et
G E S R D7/ <Y 73R/ DG i o B & T
BAESEATIE b, AT A AR (I RP A8 R4 L 3R
FEEmBIE. 2.4D, FESFERHR>Y. LR
FERRY . AR . SR B AR AL E OO 1 %
2 A AL TS A i W & BE AR LU B i AR R B
1 0.94 D),

References

[1] Ross J H, Driver J] H, Harris S A. Dermal absorption of

2,4-D: a review of species differences. Regulatory
Toxicology and Pharmacology, 2005, 41. 82-91
[2] Maleki N, Safavi A, Shahbaazi H R. Electrochemical

determination of 2,4-D at a mercury electrode. Analytica

Chimica Acta, 2005, 530. 69-74

(3]

[4]

(6]

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

Benli A C K, Sarikaya R. Sepici-Dincel A. et al.
Investigation of acute toxicity of (2, 4-dichlorophenoxy)
acetic acid ( 2,4-D ) herbicide on crayfish ( Astacus
leptodactylus Ecsh.1823). Pesiticide Biochemistry and
Physiology . 2007, 88: 296-299

Yasman Y, Bulatov V, Girdin V V. et al. A new sono-
electrochemical method for enhanced detoxification of
hydrophilic chloroorganic pollutants in water. Ultrasonics
Sonochemistry, 2004, 11. 365-372

Woudneh M B, Sekela M, Tuominen T, er al. Acidic
herbicides in surface waters of Lower Fraser Valley, British
Columbia, Canada. Journalof Chromatography A, 2007,
1139. 121-129

Gobi KV, Tanaka H, Shoyama Y, etal. Highly sensitive
egenerable immunosensor for label-free detection of
2, 4-dichlorophenoxyacetic acid at ppb levels by using surface
plasmon resonance imaging. Sensors and Actuators B,
2005, 111/112; 562-571

Kundu S, Pal A, Dikshit A K. UV induced degradation of
herbicide 2,4-D. kinetics, mechanism and effect of various
conditions on the degradation. Separation and Puri fication
Technology. 2005, 44; 121-129

Chu W, Kwan C Y, Chan K H, et al. An unconventional
approach to studying the reaction kinetics of the Fenton’s
oxidation of 2, 4-dichlorophenoxyacetic acid. Chemosphere,
2004, 57. 1165-1171
Zona R, Solar S,

Gehringer P.  Degradation of

2,4-dichlorophenoxyacetic acid by ionizing radiation-
influence of oxygen concentration. Water Research, 2002,
36: 1369-1374

Gupta V K, Ali I, Suhas, ezal. Adsorption of 2,4-D and
carbofuran pesticides using fertilizer and steel industry
wastes. Journal of Colloid and Inter face Science, 2006,
299 556-563

Quan X, ChenS, Su], etal. Synergetic degradation of 2,
4-D by integrated photo-and electrochemical catalysis on a Pt
doped TiO,-Ti electrode. Separation and Purification
Technology, 2004, 34. 73-79

Brillas E, Boye B, Sirés I, et al. Electrochemical
destruction of chlorophenoxy herbicides by anodic oxidation
and electro-Fenton using a boron-doped diamond electrode.
Electrochimica Acta, 2004, 49. 4487-4496

Drzewicza P, Trojanowicza M, Zona R, et al.
Decomposition of  2,4-dichlorophenoxyacetic acid by
ozonation, ionizing radiation as well as ozonation combined
with ionizing radiation. Radiation Physics and Chemistry ,
2004, 69 281-287

Chen Lan (%K), Shi Huixiang (1 B %), Wang Dahui

(JEK3). Degradation of 2, 4-dichlorophoxyacetic acid by



e 1406 tt T # i %59 &
ozone with ultrasound (] ): Synergistic effect of ozonation (B HEFE), et al. Mechanism of herbicide 2,4-D degradation
and sonolysis.  Journal of Chemical Industry and by ozonation ( [ ): Intermediate product. Journal of
Engineering (China) — (fb T2 4f), 2004, 55 (11): Agro-Environment Science (A ¥ 5 B % % 4 ), 2007,
1859-1863 26 (4). 1473-1476

[15] Chen Lan (Bfj4.) . Shi Huixiang (% ##£), Wang Dahui [17]  Chen Lan (%K), Quan Yuheng (AVF¥H7), Shi Huixiang
(JEK#). Degradation of 2, 4-dichlorophoxyacetic acid by (P B¥E) . et al. Mechanism of herbicide 2,4-D degradation
ozone with ultrasound ( [[ ): Degradation pathway. by ozonation ( [[ ): Degradation pathway. Journal of
Journal of Chemical Industry and Engineering (China) Agro-Environment Science (A ¥ g B % % 4 ), 2007,
(L T2 4), 2004, 55 (11). 1864-1868 26 (3): 1088-1092

[16] Chen Lan (B£&), Quan Yuheng (AUFH7). Shi Huixiang

N3 < S <
(EESZR; F-ELEBFRASZEIESN

E—E M

B RAR R E PR a2 AL TR AT AR, OO e KRB IR . BRI BREE . BAOREAE T S 1 1)
FEME TR . BRI, BT IRAARAE S — SR B A A W SR AR . LB RN T A TR IR AR SE 5 . TG
AR, &, AREEZHHG, a8 o 2R B AR, SEIRT B AR S PR B . G HERR
AT R P B R, B SR AR A T A B T L [R] G 1 Y K (),

2007 4E 9 H, ATHR T “5 143 WEFERFHKivlz — B AR SR k%", 100 R REH
ZM TR IE . REBWRFE T . B KRER¥FHNBRPNVERIF T ZIERER, ML “Hrmiks
g AEERVES, UAEHE PR e @ R poE . LR .

PR 2 B KR F I FI N E

—. ERDEBEMA

oh [ B 2 B i A TR A S Y

b2 Tolb B iRk (fE 2R g

HEAWRY s ERMERESLEE

LKA &

—. SWETEM S

2008 4E 11 H 5—7 H. dbxt

= FEWUAE
B AR SR A TR R R W 5RO FR
B AR S A MR A ORI R AE B B R
BRI IR BV B S R TR ROR
B IR AE NS T AR R AR s g
BT B AR B IS T A EOR
B WA AL 2 B R R
BT E AR T A AR
L RN R TR N A ES SR S P N
L BB REE NS ES RO
10, 2 b2 A T AH DG Ay JHAth 5 il 1 7 FH 9F 5%

© 0 N O Ul s W N

(TF# 1417 ®)



