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Abstract; Recently, the photochemical degradation mechanisms of 2,4-dichlorophenol (2,4-DCP) and the conse-
quent toxicities of its intermedates cause a worldwide concern due to its potential carcinogenesis, teratogenesis, and
mutagenesis as well as ecotoxicological effects. Herein, the - OH-initiated indirect photochemical transformation

mechanism, environmental fate and aquatic toxicity of 2,4-DCP as well as its degradation intermediates in water en-
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vironment were theoretically calculated in detail. The results show that 2,4-DCP can be degraded readily via - OH-

addition and H-abstraction pathways. The - OH-addition was the predominant pathway at low temperature (<313

K), mainly producing 4,6-dichlorobenzene-1,3-diol; whereas the phenolic hydroxyl H atom was predominantly ab-

stracted by - OH at high temperature, mainly forming 2-chlorobenzene-p-benzenequinone. What’ s more, dioxin

would be also formed via the H-abstraction pathway in the high temperature water environment with limited con-

centration of reactive species. Furthermore, the computational toxicology results indicate that the transformation

products from H-abstraction pathways possess an increased aquatic toxicity to fish compared with - OH-addition

products, and even exceeds one toxic level than 2,4-DCP. Therefore, more attentions should be paid to photochemi-

cal products as well as the original 2,4-DCP, particularly those products from H-abstraction pathways.

Keywords: 2,4-dichlorophenol; photochemical transformation mechanisms; transformation products; theoretical

chemical calculation; eco-toxicity; toxicity evolution
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Fig. 1 All the possible pathways in the initial reaction of 2,4-DCP

with « OH, as well as the reaction enthalpies (AH) (unit: kcal -mol™)
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Fig. 3 Schematic free energy diagram for the reaction
between 2,4-DCP and - OH at the B3LYP/6-311++
G(3df,2p)//B3LYP/6-31+G(d,p) level (Unit: kcal-mol™)
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Fig. 2 Optimized geometries of transition states of the initial reaction of 2,4-DCP with - OH at the B3LYP/6-31+G(d,p) level.

Bond lengths are in angstroms.
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Table 1 Rate constants ((mol-L")"+s™) between the temperature of 273 and 313 K for the reaction of 24-DCP with - OH

T/K 273 283 293 298 303 313

Kyl 1.77x10% 3.38x10% 5.85%x108 7.40x10% 9.13x10% 1.29x10°
Kq4a2 4.01x107 8.54x107 1.70x108 2.33x108 3.14x108 536x10°
Kqqa3 8.24x108 1.19x10° 1.54x10° 1.70x10° 1.84x10° 2.08x10°
Kqqa4 1.19x10% 2.36x108 428x108 5.56x108 7.05x108 1.05x10°
KqqaS 8.93%x108 1.26x10° 1.61x10° 1.76x10° 1.90x10° 2.13x10°
K,4a6 4.55%107 9.15x107 1.81x108 2.48x108 3.34x10% 5.65x10%
Kb O 5.24%108 8.67x108 1.29x10° 1.52x10° 1.74x10° 2.17x10°
Kot 2.62x10° 4.07x10° 5.81x10° 6.76x10° 7.75%10° 9.82x10°
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Table 2 Arrhenius formulas between the temperature of
273 and 313 K for the reaction of 2,4-DCP with + OH

Reaction pathway Arrhenius formulas

Kqaal K(T) = (1.23x10") exp(-4283/T)

K,2 K(T) = (2.93%10'®) exp(-5564/T)

ka3 K(T) = (1.29%x10'%) exp(-1990/T)

L. K(T) = (3.67x10'%) exp(-4692/T)

LW K(T) = (8.96x10'") exp(-1869/T)

K,46 K(T) = (1.98x10'®) exp(-5428/T)

Ko O K(T) = (4.22x10'%) exp(-3064/T)

Kioral K(T) = (8.84x10"%) exp(-2833/T)
5 -A Radd1
: -v- Raddz
_‘é -@ R, 3
g -O-R 4
£ RS
g —X-R,6
e i ; ——R,0

" 0 0 300 310
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B4 - OH N5 2,4-DCP HFEMFEITE P HEST
BRI HISTER (T %) BEiR E R LB R
Fig. 4 Calculated branching ratios (I') of the main
transformation pathways for the reaction of 2,4-DCP
with - OH within the temperature range of 273 to 313 K
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Fig. 5 Schematic diagram of the subsequent pathways of + DCP-OH; intermediates (Unit: kcal-mol™)
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Table 3  Fish aquatic toxicity (mg-L™") from 2

, 4-DCP and its photodegradation products

OH-IS ™4 H-iL5" )
2,4-DCP
OH-addition product H-abstraction product
HEE FEE 4,6- " @H-1,3-" 1 2- AT X AR
Calculational Value Experimental Value PC1 PC2
AR (LCy))
. 6.96 42~775 6.17 0.10
Acute toxicity (LCy,)
EPEREN: (ChV
- (V) 0.79 0.375¢ 3.23 0.01

Chronic toxicity (ChV)
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12 RS Il H-XERS RN 642 R, O PTIE % AL = )
KA, AT LLE 1. - OH-IAL™ ¥ PC1
I H-TH 79 PC2 19 LC,, 1643514 6.17 F10.10
mg- L, %% THEAK 2,4-DCP Y LC,, {8 (6.96 mg -
L), e HE HaT 2 72 ) B 5008 FFE 1A 2,4-DCP I
TR 70 5, X —45 R K] .2,4-DCP 7E - OH 4
SRR AR R R, R - OH-MI N AR 1A
H-E R #4835 A5 HK A B M4 BT 3 , 4 2
HH-ER i B s R s oy 3 I e
BHEM F, « OH-JNEL™ 1% ChV K 3.23 mg-
L, HEBEARI Chv (E & 4 %, X R Z - OH-JiN
B AR S A R I K AR B AT TN, ARAE SRS
2%, - OH-fIn™= 9 PC1 HJE WA T, LB KI5
Yy 2,4-DCP K T — M EEM K, K H-EH ™
YIS B A S a3, B H- T 82724 PC2 4 ChV
fHALN 0.01 mg-L™", HeBEAA 2,4-DCP & i T —4 3
PR, VA )E AR B AR,

25 BTk ,2,4-DCP fE/K AR - OH-41 R 1 [A]
PR A R A B i F R A, TR
SER B Z IS B TE L REU N 5.63 keal-mol™ , 16
ZILRRE PR AR T R R T K, 7R 298 K T IR
MR BON 6.76x10°(mol - L)' - 57! | 31X 5 S B 4%
H(5.14x10° ~7.0x10°) (mol - L)' - s 4 & BB UF

VLT TASOH A S R B —E T 5Etk . (AR
AR TR X 75 e W) A BRI M I -5 X DA o e
L BR T ORI YR B Z A AR > A X L
JCRERR =, R e H-GE R A = i K AR AR 7S
DR ARG B AT R TE

BIMEZE BN 2 ARA1972—), B, R4+ AR R, 1%
G ZBNEFIHLE T HIT EM(EOCS) M FRIT AL F 1T
BB LT REHRET AR, R AL 250 2%,
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