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Abstract

The degradation of atrazine (ATZ) by ultraviolet/peroxymonosulfate (UV/PMS) under different
conditions was investigated in phosphate buffer, and the degradation mechanism and kinetics were
discussed. The results showed that the degradation rate of 2.5 umol/L ATZ in UV/PMS system was
97.63% in 20 min when the reaction temperature was 20°C, the concentration of PMS was 20 pmol/L
and the UV intensity was 50 mW/cm? in pH7 phosphate buffer. The mechanism analysis showed that
PB with partial alkalinity promoted the degradation of ATZ by UV/PMS more than that with acidic
PB. The effect of PB with alkaline conditions on the degradation of ATZ by UV/PMS was more
complicated and mainly related to the state of phosphate ions. The UV/PMS system contained
both HO+ and SO,, and the ratio of HOe, SO, *and UV-degraded ATZ was nearly 1:1 in pH7 PB.
Inorganic anions experiments showed that CI' and HCO, inhibited the degradation of ATZ under
UV/PMS, and the inhibitory effect of Cl" was more obvious. NO,” promoted the degradation of ATZ by
UV/PMS. Kinetic analysis showed that UV/PMS degradation of ATZ reaction kinetics was more in line
with the quasi first-order reaction kinetics, the inhibition effect of the same concentration of ETA and CI-
on UV/PMS degradation of ATZ are the same, and UV/PMS degradation of ATZ decreased by 38.54%
and 36.29% respectively. The addition of NO,"increased the rate of degradation of ATZ by UV/PMS by
31.21%. By LC-MS analysis, 5 kinds of production m/z and 6 kinds of products were obtained.
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Introduction and degraded in the natural environment because

of its structural stability in the natural environment

Atrazine, or ATZ, is a pesticide of low cost, good [2, 3]. ATZ can be transferred and transformed in
weeding effect and low toxicity [1]. Although ATZ is different environmental media such as diffusion,
a low-toxic pesticide, it is difficult to be mineralized volatilization, surface runoff, leaching and both wet

and dry deposition. Among these transfers, the methods
that ATZ may enter water are mainly surface runoff,
leaching and wet and dry deposition [4, 5]. As one of the
remaining widely used chemical herbicides, Atrazine
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has been used worldwide for more than 40 years. ATZ
and its degradation intermediate products have been
detected in the surface water and groundwater of many
countries and regions. These chemical substance can
cause varying degrees of damage to plants, animals
and humans through enrichment of the biological chain
[6-9].

ATZ has toxic and endocrine-disrupting
detrimental effects on an organism. Research concerning
the toxicity effect of ATZ on the freshwater fish Channa
Punctatus (Bloch) was conducted by Nwani et al. [10],
and ATZ with LC,  under 12, 24, 48, 72 and 96 h were
measured to be 77.091, 64.053, 49.100, 44.412 and
42.381 mgL!, respectively, based on the experimental
results. Taveramendoza et al. [11] found that the
frequency of primary oogonia occurrence was reduced
while the rate of secondary oogonia and atresia
showed remarkable increases after exposing stage-56
tadpoles in 21 pg/L atrazine for 48 h. According to the
studies of Hayes et al. [12, 13], male frogs exposed to
water polluted by atrazine with a concentration level
above 0.1 mg/L showed a series of symptoms such as
hermaphroditism and retarded gonadal development,
and the cause was endocrine-disrupting. Besides, the
connection between preterm birth and exposure to
a commonly used herbicide atrazine in drinking water
was studied by Rinsky et al. [14], and the results
indicated a greater risk of preterm birth for women in
countries with the highest ATZ exposure rate compared
with those residing in relatively lower exposure places.

At this point, many advanced oxidation methods
based on persulfate have been proved to be effective
in degrading ATZ in water. These methods include
thermal activation PS [15], Co(II)/PMS [16] and
Fe(I)/PS [17] et al. So far, however, there have been
few reports about the synergistic degradation of
UV/PMS to ATZ. Therefore, this paper will investigate
the oxidation degradation effect of UV and PMS to
ATZ under different conditions in phosphate buffer
and discuss its degradation mechanism and degradation
dynamics in order to further enrich chemical pesticide
wastewater treatment technology and provide certain
reference value.

Materials and Methods

Reagents and Instruments

Reagents:  Fisher  Chemicals,125555  Sodium
Hydroxide, Dodium Dihydrogen Phosphate,
Sodium Nitrite, Ethanol, Tert-butanol, Sodium

Chloride,  Sodium Bicarbonate, Nitrate of Potash
— all of which were analytical pure. ATZ and
PMS(KHSO,-0.5KHSO,-0.5K_SO,, KHSO.>47%) were
purchased from Aladdin.

Instruments: 2695-2996 model high-performance
liquid chromatograph, electronic scale, Cnlight
ZW5DI5W-Z150 model UV Lamp, pH meter from

PHSIJ-3F Lab in Shanghai Leici, KH5200DB model CNC
ultrasonic cleaner, Youpu Ultra-pure Water Purifier,
DC-1030 model Energy-saving smart thermostat and
78HW-1 model isothermal magnetism msier.

Experiment Scheme
Solution Preparation

The ATZ mother solution was prepared to a
concentration of 100 pumol/L by ultra-pure water with
electrical resistivity of 18.24 MQ-cm. The concentration
of NaH,PO, solution was prepared to 0.2 mol/L. The
concentration of NaOH solution was subdivided into
0.2 mol/L and 0.02 mol/L. The concentration of NaNO,,
NaCl, NaHCO,, and KNO;, solution was configured to
0.1mol/L, 1mol/L, 0.5mol/L and 1mol/L, respectively.
The PMS solution was adjusted to the concentration
of 0.01 mol/L and stored out of light. The tert-butyl
alcohol solution and ethanol solution was prepared at
a concentration of 8 g/L, and preparation methods of
pH6, pH7 and pHS8 with the constant volume of 1L are
shown in Table 1.

Experiment Scheme of Degradation of ATZ
over UV/PMS

To investigate the degradation effect of UV/PMS on
ATZ in PB with the concentration of 1.25 mmol/L, the
experiments were carried out under different pH values
(6, 7 and 8), PMS concentrations (10, 20, 30, 40 and
50 pmol/L), ATZ concentrations (1.25, 2.5, 5 pmol/L)
and different UV intensities (30 mW/cm?, 50 mW/cm?,
100 mW/cm?). Under 20°C water bath, the UV
intensity, PB and concentration of PMS and ATZ were
respectively 50 mW/cm?, 1.25 mmol/L, 20 pmol/L and
2.5 umol/L. The mechanism of ATZ degradation by
different concentrations of tertiary butyl alcohol and
ethanol was investigated. The effects of common anion
in of CI, HCO; and NO, in water on the degradation
of ATZ over UV/PMS were investigated by adding
different concentration solutions of NaCl, NaHCO, and
NaNO,, and the reaction termination agent is NaNO,
solution with the concentration of 0.1mol/L.

Analysis Method
The detection of ATZ was conducted by a Symmetry

C18 liquid chromatographic column. The specific
detection method was as follows: the mobile phase ratio

Table 1. Preparation method for NaH,PO,-NaOH buffer.

pH 0.2 mol/L NaH,PO, (mL) | 0.2 mol/L NaOH (mL)
6 250 28.50
7 250 148.15
8 250 244.00
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Fig. 1. ATZ removal rate under different temperatures.

of methyl alcohol accounted for 60% of the solution
while ultrapure water accounted for 40%, and the flow
velocity, column temperature and determine wavelength
were 0.8 mL/min, 40°C and 225nm, respectively. In this
study, three parallel tests were conducted for each group
of experiments, and the experimental results were based
on the average value of three parallel tests. The initial
data of the experiment was collected by HPLC, and the
original 9.0 software was used to process the data.

Results and Discussion

Effect of Temperature on the Degradation
of ATZ over UV/PMS

In PB with pH value of 7, the influence of different
temperatures on the degradation of ATZ by UV/PMS
was shown in Fig. 1 when the ATZ concentration, UV
intensity and PMS concentration were, respectively,
2.5 umol/L, 50 mW/cm? and 20 pmol/L. According to
Fig. 1, with the increase of reaction temperature, the
effect of degradation of ATZ by UV/PMS is increasing.
The removal rate of ATZ increased from 59.56% to
80.32%, when the temperature of the reaction system
increased from 10°C to 25°C. The removal rate of ATZ
when the temperature increased from 15°C to 20°C was
greater than those from 10°C to 15°C, and from 20°C to
25°C, indicating that temperature has less influence on
ATZ degradation in normal temperature.

The Effect of PMS Concentration
on the Degradation of ATZ by UV/PMS

In PB with pH value of 7 under 20°C, the influence
of different PMS concentrations on the degradation of
ATZ by UV/PMS is shown in Fig. 2, when the ATZ
concentration and UV intensity were, respectively,
2.5umol/L and 50mW/cm?. According to Fig. 2, with the
increase of PMS concentration, the effect of degradation
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Fig. 2. ATZ removal rates under different PMS densities.

of ATZ by UV/PMS is increasing. The removal rate of
ATZ increased from 59.04% to 97.63%, when the PMS
concentration of the reaction system increased from
10 pmol/L to 50 pmol/L. The removal rate of ATZ
when the PMS concentration increased from 10 pmol/L
to 30 umol/L was greater than those from 30 umol/L
to 50 pmol/L, indicating that PMS concentration
has great influence on the degradation of ATZ by UV/
PMS.

Effect of pH Value on the Degradation
of ATZ by UV/PMS

In PB with different pH values under 20°C, the
influence of different pH values on the degradation of
ATZ by UV/PMS is shown in Fig. 3 when the ATZ
concentration, UV intensity and PMS concentration
were, respectively, 2.5 umol/L, 50 mW/cm? and
20 pmol/L. According to Fig. 3, with the increase of pH
value in the reaction system, the effect of degradation
of ATZ by UV/PMS is increasing. The removal rates
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Fig. 3. ATZ removal rates under different pH values.
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of ATZ were respectively 49.98%, 60.98%, 77.40%,
72.35% and 92.87% when the pH of the reaction system
were 5, 6, 7, 8 and 9, respectively. Notably, the removal
rate of ATZ increased from 60.98% to 77.40% when the
pH value of the reaction system increased from 6 to 7,
while the removal rate decreased from 77.40% to 72.35%
when the pH value of the reaction system increased
from 7 to 8. The removal rate of ATZ under alkaline
conditions is higher than that in acidic conditions, with
the main reasons as follows: UV could excite PMS to
generate SO, and HO- (the equation is shown in 1-1)
and HO- has slightly more oxidizing capacity to ATZ
than SO,, the secondary reaction rates of SO, and
HOe« are 3x10° M''s'[18] and 2.59%x10° M's[19]. The
SO, could react with water in aqueous conditions of
various pH value to produce HO* with the reaction rate
constant of 8.30 M's?[20] (the equation is shown in
equations 1-2), while in alkaline conditions, SO, could
also react with OH- to produce HOe, and its reaction rate
constant was 6.50x10” M's! [21] (the equation is shown
in equations 1-3). The pH value changes generally did
not affect the yield of SO, in UV/PMS. Therefore,
more HO+ was produced in the UV/PMS system under
alkaline conditions, so the removal rate of ATZ under
alkaline conditions was higher than that under acidic
conditions. The removal rate of ATZ under pH 8 was
slightly lower than that under pH 7, mainly because there
were different forms of phosphate in the buffer solution.
The H,PO, ionized in aqueous solution (the equation is
shown in equations 1-4), with the ionization constant
of K reaching 6.31x10%, so equation 1-5 could be
figured out. According to equation 1-5, as the pH of the
solution increased, the amount of HPO - in the solution
gradually increased and the amount of H,PO,” decreased
gradually. The reaction rates of HPO,>- with SO,* and
HO-< were, respectively, 1.20x10° M's' and 1.50x10°
M's”, while the reaction rates of H PO, with SO,
and HOe were, respectively, 7.20x10* M's! and
2.00x10* M's" [20]. Therefore, the amount of HPO,*-
increased gradually when the pH value of the solution
increased, and it competed with the target object ATZ
for SO,» and HOe, which resulted in the decrease
of ATZ degradation efficiency. The degradation
efficiency of ATZ in pH 9 is significantly higher than
that of pH7 and pHS8, mainly because SO, was very
easy to react with OH- to form HOe, which makes
the system contain a large number of HO¢ in a short
time, thus accelerating the degradation of ATZ.

HSO, + UV—S0,* + HO» )
SO, + H,0—80,>+ HO + H' @)
SO, + OH'—S0,> + HO~ 3)
H,PO, = H'+ HPO > @)

pH =7.20 + Lg((HPO*J[H,PO,]) (5
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Fig. 4. ATZ removal rates under different UV intensities.

Effect of UV Intensity on the Degradation
of ATZ by UV/PMS

In PB with pH value of 7 under 20°C, the influence
of different UV intensities on the degradation of ATZ
by UV/PMS is shown in Fig. 4, when the concentrations
of ATZ and PMS were, respectively, 2.5 umol/L and
20 umol/L. According to Fig. 4, with the increase of
UV intensity in the reaction system, the effect of ATZ
degradation by UV/PMS was increased rapidly. The
removal rate of ATZ increased from 9.51% to 84.89%
when the UV intensity increased from 30 mW/cm? to
100 mW/cm?. The removal rate of ATZ when the UV
intensity increased from 30 mW/cm? to 50 mW/cm? was
greater than those from 50 mW/cm? to 100 mW/cm?,
indicating that UV intensity had great influence on the
degradation of ATZ by UV/PMS.

Effect of ATZ Concentration on the Degradation
of ATZ by UV/PMS

In PB with pH value of 7 under 20°C, the influence
of different ATZ concentrations on the degradation

—=— 0.31umol/L
—e— 0.63umol/L
—a—1.25umol/L
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Fig. 5. ATZ removal rates under different ATZ densities.
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of ATZ by UV/PMS is shown in Fig. 5 when the UV
intensity and PMS concentration were, respectively,
50 mW/ecm? and 20 pmol/L. According to Fig. 5, with
the increase of ATZ concentration in the reaction
system, the effect of ATZ degradation by UV/PMS
was gradually weakened. The removal rate of ATZ
dropped from 100% to 44.64% when ATZ concentration
increased from 0.31 pmol/L to 5 umol/L, the removal
rate of ATZ decreased from 77.40% to 44.64% when
the ATZ concentration increased from 2.5 pmol/L to
5 pumol/L. The removal rate of ATZ slightly increased
from 71.55% to 77.40% when the concentration of
ATZ increased from 1.25 pmol/L to 2.5 pumol/L. This
is mainly caused by the following two reasons. One
is in the case of other conditions unchanged, with the
decrease of the ATZ concentration in the reaction
system, collisions between single molecules with
SO, and HO- were less in unit time, therefore
the ability of ATZ to capture SO, and HO- in the
reaction system was reduced. Second, the second-order
reaction rateof HSO,” with SO, and HO+ were 1.0x10°
M's! and 1.0x107 M's!, resulting in the capture of
some SO, and HO+ by HSO,". The research of Sharma
et al. [22] showed that in the process of bisphenol A
(BPA) degradation by UV-C/PMS, the removal rate of
BPA was reduced when the initial concentration of
BPA was less than 0.13 mM. Similar experimental
phenomenon was observed in this experiment.
Moreover, as the concentration of ATZ continues to
decrease (0.31 pmol/L, 0.63 pmol/L), even if SO,
and HO- are caught by HSO_, the concentration of
SO, and HOe+ in the UV/PMS system is too high
compared with that of ATZ, so the degradation rate of
ATZ can reach 100%. Given the above, the effect of ATZ
concentration has great influence on the degradation
of ATZ by UV/PMS.

Degradation Mechanism Analysis of ATZ
by UV/PMS

The degradation mechanism of ATZ by UV/PMS
was analyzed by a single-factor method in PB with the
concentration of 1.25 mmol/L and pH value of 7 when
the UV intensity, PMS concentration, temperature
and ATZ concentration were 50 mW/cm?, 20 umol/L,
20°Cand 2.5 umol/L, respectively (Fig. 6).

According to Fig. 6a), PB alone had no degrading
effect on ATZ, and single PB at the present concentration
only weakly degraded ATZ. The degradation efficiency
of single UV to ATZ was 37.56%, accounting for
48.51% of the total removal rate. The degradation
efficiency of UV/PB to ATZ was 50.97%, showing a
13.41% degradation efficiency increase compared with
single UV. The main reasons are as follows: in PB
solution with pH value of 7, phosphate mainly existed
in the form of HPO,> and H,PO, with their quantity
ratio close to 1:1, and UV could stimulate the generation
of HPO, and H,PO,* with certain oxidative properties
to ATZ. For another, PB could excite PMS to generate
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Fig. 6. a) Analysis of oxidation effect of each component in the
UV/PMS system, b) effect of TBA on the degradation of ATZ by
UV/PMS in pH7 PB, c) effect of ETA on the degradation of ATZ
by UV/PMS in pH7 PB, and d) comparison of TBA and ETA on
UV/PMS degradation ATZ in pH 7 PB.
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SO, and HO- [23], so the degradation efficiency of
UV/PB to ATZ was slightly higher than that of single
UV. The degradation efficiency of UV/PMS to ATZ
was 71.64%, showing a 20.67% increase compared
with those of UV/PB. This is mainly because UV
could excite PMS to generate SO,» and HOs, whose
degradation efficiency to ATZ was higher than those
of HPO,* and H,PO,s, so the degradation efficiency
of UV/PMS to ATZ was higher than those of single
UV/PB. The degradation efficiency of UV/PB/PMS
(only here differentiate between the UV/PB/PMS system
and UV/PMS system, the rest of the UV/PMS system
indicates in PB) to ATZ was slightly higher than those
of UV/PMS. This is mainly because the initial pH of the
UV/PMS reaction system was set to 7 by NaOH. After
the reaction, the whole system became acidic, and the
pH value of the UV/PB/PMS system was stable to 7.
The experimental conditions were similar to the above
situations under the circumstances of acid pH value
and alkaline pH value, and specific analysis is not
claborated upon here. According to the study of
Dionysiou et al. [24], the reaction rate of TBA with
HO+ and SO, were respectively 3.8-7.6x10° M's’
and 4-9.1x10° M's”', while the research of Buxton
et al. [25] showed that the reaction rates of ETA
with HOs and SO, were respectively 1.2-2.8x10°
M'lst and 1.6-7.7x107 M’'s'. Therefore, When HO-e
and SO, coexist in the reaction system, HOe can be
captured by TBA while HOs and SO, are captured
by ETA. According to Fig. 6(b-c), the addition of TBA
and ETA could effectively inhibit the degradation
of ATZ by UV/PMS, and the inhibition effect of ETA
was stronger than TBA. As shown in Fig. 6d), HO-
and SO, coexist in the UV/PMS system.

Effect of Common Anions Concentration in Waters
on the Degradation of ATZ by UV/PMS

In PB with pH value of 7 and concentration of
1.25 mmol/L under 20°C, the influence of common
anions in waters as CI, HCO,” and NO, on the
degradation of ATZ by UV/PMS was shown in
Fig. 7 when UV intensity, PMS concentration and ATZ
concentration were respectively 50 mW/cm?, 20 umol/L
and 2.5 pmol/L. According to Fig. 7, ClI" and HCO,
both had inhibitory effects on the degradation of ATZ
in the system at the same concentration, mainly because
Cl' and HCO, could compete with ATZ for HOe
and SO, in the UV/PMS system to generate Cle,
Cl,», CIOH™ and CO;, whose reaction rates were lower
than those of HO+ and SO, . It is easy to observe that
the inhibiting effect of CI- was higher than HCO,", and
specific performances were as follows: the degradation
efficiency of ATZ was reduced from 77.40% to 41.14%
and 63.58% respectively after adding 2 mmol/L of
Cl' and HCO, to the UV/PMS system. This is mainly
because the secondary reaction constants of Cl
and ATZ were lower than those of CO,* and ATZ
(the main equation is shown in formula 1-6 to 1-13).

1.0

0.8+

069 & ¢ro.4mmoliL .

C/Co

0.4 1 —e— cl"0.5mmol/L

—a—cl"1mmol/L

021 & cr2mmoliL

—&— cl"Ommol/L

0.0 T T T
0 5 10 15 20
t (min)
b)
1.0 —=—HCO, 0.1mmol/L
—e—HCO,” 0.5mmol/L
0.8
L 0.6
(@]
~—
@)

044 4 HCO, 1mmoliL
—v—HCO, 2mmol/L

0.2
—+—HCO, Ommol/L
0-0 T T T T
0 5 10 15 20
t (min)
C) 1.0

0.8- —=—NO,” 0.1mmol/L

—o— NOB' 0.5mmol/L
0.6 N

0.41 4 NO, 1mmol/L#

C/Co

024 v NO; 2mmol/L

«p

—+—NO,” Ommol/L

0.0 T T
0 5 10 15 20

t (min)

Fig. 7. a) Effect of CI- on the degradation of ATZ by UV/PMS
in pH7 PB, b) effect of HCO, on the degradation of ATZ by
UV/PMS in pH7 PB, and ¢) effect of NO," on degradation of ATZ
by UV/PMS in pH 7 PB.

While NO," showed a positive effect on the degradation
of ATZ in the UV/PMS system at same concentration,
specifically the degradation efficiency of ATZ increased
from 77.40% to 85.81 when NO,” of 2 mmol/L was
added to the UV/PMS system. This is mainly because
UV could excite NO, to generate HOe, NO, and
NO, free radical, etc. [26]. Therefore, the steady state
concentration of HOe in the UV/PMS system was
improved, and the efficiency of ATZ degradation by
UV/PMS was accelerated.
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HO+ + CI—CIOH™ K = 4.30x10°M's"'[27] (6)

CIOH™ + CI'—ClL,++OH" K = 1.0x10°M"s" [28]
™

SO, + Cl'—Cle +S0,> K =3.0x10°M"s" [29] (8)
Cle + CI'—CL K =8.50x10°M"'s"[30] (9)
Cl+ + ATZ—products K = 5.0x10M-'s* [20] (10)

HO* + HCO,;—CO,* +H,0 K =8.60<10°M’s" [31]
(1)

SO,* + HCO,;—CO, +HSO,” K =2.80x10°M's" [32]
(12)

CO,* + ATZ—products K = 6.20x10° M5! [33]
(13)

Kinetic Analysis of ATZ Degradation
by UV/PMS

According to the study of Simonin et al. [34] the
kinetic model of ATZ degradation by O, oxidation
was established according to the following dynamic
equations, and the first-order reaction kinetics equation
is as follows:

Ln(c/c) = -Kt (14)

The second-order reaction kinetic equation is as
follows:

l/e = K,t +kc, (15)

Substitute the condition of c/cO =I-y into equation
1-2, and the attainable equation is as follows:

1/(1-y) =Kt +1 (16)

c: ATZ concentration in any time, pmol/L

c,: ATZ concentration on the moment of 0, pmol/L
v: Removal rate of ATZ

K,: Pseudo first-order reaction rate constant, min™
K,: Pseudo secondary reaction rate constant,
(wmol/L)'min’!

In PB with the concentration of 1.25 mmol/L and
pH 7, the reaction of ATZ degradation by UV/PMS
was simulated by first-order reaction kinetics under
the following conditions: UV intensity, PMS
concentration, temperature and ATZ concentration
were 50 mW/cm?, 20 pmol/L, 20°C and 2.5 pmol/L,
respectively; concentrations of CI, HCO,, NO, and
ETA were all 1 mmol/L; the X-axis was set by t(x)
and Y-axis was set by Ln(C/C)). The reaction of ATZ
degradation by UV/PMS was simulated by Quasi
second-order reaction kinetics fitting, by t(x) as X-axis

a) 0.0-

0.5 N — 3
= N G
o = UVPMS  a
O -1.01 RN
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= 4 UVIPMS/NO, N
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~— '
= 3
2
~~~~~~ +
1
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Fig. 8. a) Kinetics of quasi first-order reaction of UV/PMS
degradation ATZ and b) kinetics of quasi second-order reaction
of UV/PMS degradation ATZ.

and 1/(1-y)(y) as Y-axis. The dynamic fitting curve is
shown in Fig. 8, and the dynamic fitting parameters are
shown in Table 2. According to Fig. 8 and Table 2, the R?
value (linear correlation) of the quasi first-order reaction
kinetics is larger than the R? value of the quasi second-
order reaction kinetics (except the UV/PMS/CI- system),
indicating that the reaction of ATZ degradation by UV/
PMS was more consistent with the quasi first-order
reaction kinetics. ETA and CI- of the same concentration
have the same inhibitory effect on the degradation of
ATZ by UV/PMS. Both of them reduced the rate of ATZ
degradation to 38.54% and 36.29% respectively, and the
addition of NO, improved the rate of ATZ degradation
by 31.21% on an original basis.

Analysis of Degradation Product of ATZ by UV/
PMS and its Degradation Path

The degradation products of ATZ by UV/PMS were
analyzed by HPLC-ESI-MS(cationic mode), and the
degradation path was speculated. The three samples
were extracted from 3, 10 and 20 min in the process
of the experiment, then conducted the first-order mass
spectrum scanning, and the total ions and extracted
ions were ana-lyzed. According to the mass spectrum,
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Table 2. Kinetic parameters of UV/PMS degradation of ATZ.

Reaction Rate Constant

R2

Reaction System First-Orde.r -Reaction Second-Orde_r R.ea_ction First-Order Reaction Second-Order Reaction
(min™) (umol/L) 'min!
UV/PMS -0.07383 0.16097 0.99652 0.94529
UV/PMS/HCO, -0.06391 0.12451 0.99611 0.95446
UV/PMS/NO, -0.09687 0.25677 0.98854 0.96390
UV/PMS/CI -0.02679 0.03501 0.90457 091618
UV/PMS/ETA -0.02845 0.03716 0.99840 0.98942

total ion chromatogram and extracted ion flow diagrams
from the three samples extracted at 3, 10 and 20min, the
mass-to-charge ratio of the main degradation products
of ATZ was 174, 188, 198, 214, 232, etc. The relative
molecular weight of ATZ is 216, m/z174 has a molecular
weight 42 less than ATZ, which is the molecular weight
of isopropyl, thus m/z174 is regarded as deisopropyl
ATZ, that is 2-chloro-4-diethylamino-6-amino atrazin,
CDAA; m/z188 has a molecular weight 28 less than
ATZ, which is the molecular weight of ethyl, thus m/
7188 is regarded as desetyleatrazine ATZ, namely
2-chloro-4-amino-6-isopropylamino atrazine, CAIA.
m/z198 has a molecular weight 18 less than ATZ, thus
it is believed that in the process of ATZ degradation,
Cl atoms are replaced by hydroxyl groups to produce
2-hydroxy-4-diethylamino-6-isopropylamino  atrazine,
HDIA. m/z232 has a molecular weight 16 greater than
ATZ, which is the molecular weight of hydroxy, thus
consider in the process of ATZ degradation, a hydrogen
atom was replaced by a hydroxyl group to produce
2-Chloro-4-hydroxyethylamino-6-isopropyl ~  atrazine,
CHIA. m/z214 has a molecular weight 18 less than
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Fig. 9. Degradation pathway of ATZ.

CHIA, thus m/z214 is regarded as the dehydration
products of CHIA, namely 2-Chloro-4-vinylamino-
6-isopropyl atrazine (214), CVIA. And m/z214 has a
molecular weight 16 greater than HDIA, thus m/z214 is
regarded as the product of the substitution of a hydrogen
atom in HDIA replaced by hydroxyl group, that is
2-hydroxy-4-hydroxyethylamino-6-isopropyl  atrazine,
HHIA. Khan et al.[19] showed the similar results. The
degradation path of ATZ is shown in Fig. 9.

Conclusions

The higher the temperature in normal range
(10-25°C), the higher the degradation efficiency of
UV/PMS to ATZ, but the temperature change in normal
range has little effect on the efficiency of the ATZ
degradation by UV/PMS. The degradation efficiency
of UV/PMS to ATZ improved as the concentration of
PMS and UV intensity increased. The changes of ATZ
concentration and pH values are not positively correlated
with the degradation efficiency of ATZ by UV/PMS.
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The PB in alkaline conditions are more conducive to
the degradation of ATZ by UV/PMS than the PB under
acidic conditions. PB under alkaline conditions has
a complex influence on the degradation of ATZ by
UV/PMS, and the reaction is closely related to the state
of phosphate, and generally no positive correlation.
HO-= and SO, coexist in the UV/PMS system, and the
degradation quantity ratio of ATZ by UV reacted with
HO+ and SO, approached 1:1. Both CI" and HCO;
showed suppressive effects on the degradation of ATZ
by the UV/PMS system, and the inhibiting effect of CI-
is more obvious, while NO,™ has a catalytic effect on
the degradation of ATZ by the UV/PMS system. The
reaction kinetics of ATZ degradation by UV/PMS is
more consistent with Quasi first-order reaction kinetics.
By LC-MS analysis, 5 kinds of production m/z and
6 kinds of products were obtained.
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