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Influence Rule of Organic Solvents Methanol from Sample Preparation
on Degradation Rate and Mechanism of Atrazine in UV-based
Oxidation Processes

Liu, Yucan** Su, Miaomiao” Zhang, Yan“ Duan, Jinming” Li, Wei”
(“ School of Civil Engineering, Yantai University, Yantai 264005)
(® School of Environmental & Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055)

Abstract Stock solutions of organic micro-pollutants with low water solubility are commonly prepared using organic sol-
vents in laboratory studies on degradation of these organic compounds. Dilution of the stock solution unavoidably introduces
a small amount of organic solvent into the experimental working solutions. This could possibly affect the estimation of the
degradation rate constants (kps) of these organic micro-pollutants by UV-based oxidation processes. To demonstrate this
problem, the effect of organic solvents on the degradation rate of atrazine (ATZ) has been investigated in the sole-UV,
UV/H,0, and UV/TiO, process at the concentration levels that would likely be derived from stock solutions. Organic solvent
methanol (MeOH) commonly used for stock-solution preparation was selected. The degradation of ATZ was investigated
under ultraviolet irradiation (253.7 nm). The reaction was conducted in an annular photochemical reactor, in the axis of which
a low-pressure mercury lamp (LPUV) was installed. The photon flux into the solution from the LPUV was determined to be
at 1.18 X 1077 Einstein/s. A magnetic stirrer was located at the bottom of the reactor to maintain homogeneity of the reacting
solution. A thermostatic water recirculation system was used to control the solution temperature at 20+0.5 °C. Prior to irra-
diation, the mercury lamp was ignited for 30 min for a stable output. UV photo-oxidation was performed with ultrapure water
containing an initial 0.1 or 5 mg/L ATZ and different volume ratio of methanol. Solution pH value of 4.0, 7.0 and 10.0 was
buffered using phosphate or borate. Determination of ATZ using ultra-performance liquid chromatography-electrospray- tri-
ple quadrupole mass spectrometry coupled with an ACQUITY™ UPLC BEH C8 separation column. The results show that
the reaction rate of ATZ in UV/TiO, process could be affected significantly by the presence of MeOH, even at a concentration
well below that possibly introduced during the preparation of working solutions from the organic solvent stock solutions (e.g.
0.01%, V/V). With the increase of MeOH concentration, the ky,s of ATZ in UV/TiO, process gradually decreases. The organic
solvents having a stronger reaction activity with *OH tend to impose a greater effect on the ks of ATZ. However, MeOH
does not affect ks of photolysis of ATZ in sole-UV process, and a small effect for the &y, of ATZ in UV/H,0, process. In
addition, MeOH in the reaction system does not affect the speciation and degradation pathway of ATZ under different
UV-based oxidation processes. The findings here provide a plausible explanation for the discrepancies in the reaction rate
constants reported in the literature for some organic micro-pollutants during the UV-based oxidation processes.

Keywords atrazine; methanol; ultraviolet; advanced oxidation process; degradation rate; degradation mechanism

* E-mail: liuyucanfendou@163.com
Received September 4, 2018; published November 25, 2018.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the Natural Science Foundation of Shandong Province (No. ZR2017BEE016), the National Natural Science Foundation of China (No.
51308437) and the Science Fund of Yantai University (No. TM17B19).
TH Z I ARA H AR FH# R4 (No. ZR2017BEE016). [ 5K [ 4R %} 225 4 (No. 5130843 7) 14 & KI5 H (No. TM17B19) % B,

72 http://sioc-journal.cn © 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2019, 77, 72—383



1 F F ®R

1 5|8

IS B I AT AT R Kk
SETRMR . AEVIBR AR K L AR E R FE D AT AL
W5 LIRS n] R AR B AR, T 2 S5 R B AL R ] B
gh), HEEEANM, HEEREBRED BRES
A HLIS G HAT M AR RS, AT E3RBE K e,

Z NGB R, RIRKAE AT 2 G WS 34
(I FE Bk T IRBE 0 AR VEPRAED). H AT 2Bk P Bl
TR T2 A AR AE — E R R E . B
U, W B TS G MK AR #6788 31 T W B 700 R, F
AW A LB AR, i, RAELAM R e Rt
NEEER IO LY A S (BN S SN e e N e Y A
FESR ALY STAER, UV ORBEAIZE T UV LB
B R EA T Z(UV-AOPs) i) iz B 70 3 RLFH, FHx 7K A
A MRS S 1) 2% 9 2% AN 4 58 28 FE e e 4 L),

T V8 2 WLTE 7K 0 A B AR AN RE AR K
HHAREAEAE, BT DAIE S G 7E RS LA R .
T AR EGR ALY, HAEK TR, W
Yy FVESERIbRAE 2 RV RRE A AL R T . K e i
R R JE A5 B (AR R T s B 2 BRI s 56
RS, RS ) J N & Hp 5] N i A L. 51
n, APPSR SN 1 g/L BRI &,
B G — SRR IR N 100 pg/L I ZKIERINE, 51N
BHIAEFIEER N 0.01%(ARF L), A2 HHLEFIH 5]
NGNS S A RER A [ AR A T e R £
8 AN [ AR R LI 7 4% [F)— E AR %, it —2
TR KR, FTHEA B TE UV B8 T2 )
ZBRECR, AR T AEME IR, B, R T EE
28 A, AR KR R i 1) 75 %) BT AR K V8 VAP
TOREMR T, SRKH, S5 uv T2, H0,
AR TINS5 2 452 e ] el oV 1) 2 Bk R 7). g sk i 7K i
] 1) AT R R VR T UV AR AR, H,0, FIIIA
B MR T R R RO E AR RS IR H AR
e fiff 38 %6 22 S M B M s AR 2R v R iy 2% R 1 % i R 5
NS B NEFIFTEL, PR HLIE 70T DAELAR I #E
AR Z H S AL P AP (ROS), Wi«OH A1H ML H H
O R, HATEEA R T &R AR ES
MLV 70 06 45 WL 6 S8 A 3 5 R P& A 2 B2 T 1) R B4k
WFFCHRIE, SE AT A AR K B AR &R A L B
PR 2 gt s 0 R0 PR A i A2 R S e LA 5 1 F AL ER

A AR v 2 Aol ) e - L FH Y R ) R B R 2
— U231 ey BT A X B v, DRl AR PR
Hh A H SRR R S e e Y, L REAE AN 3R B R
IERE AL, Bk REAE T8 R Rl R i v d i B AR A
N E T 7R H Eld i SR AR N B R KA,
T AP A K P 3 ol e, ol oy vk LA S 20
PE, & RVEE £ SR NI R 2% IR E RSt
VRGN RS, BES R, AR A A

Acta Chim. Sinica 2019, 77, 72—83

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

{e B, V22 [l S RN UHR XA FH 7K P B i e e R 5 PR
HAE T HE. Bilan, SRS ME T 1 K H B 4y
P ERRE A 3 pg/LUS BREDEHBE N 1 pg/Ll;
BE CEERHAK T ARRAE) (GB 5749-2006)F #LE T
AR 7K AR R B R R FE AN N i T 2 pg/ LY

H AT, WA ZKAKIRAS [FIFE B o 52 2] 1 B i s
e HW A KA T2 (CDWTP) Bk ol R 4
ARE TR, AR A PR35 w5 o 3 3 gk 11 3= 27 5K,
UV HE R AR e Rk o i - e 25 T SR VR 1)
FEMENOL (BB RE BL Y SR R AR LR O B A, T
RE KBkt . BiEl. Bis-ikeds. i tbfnms
125 % Tt s 18 5 2 B AR 120, o] A v 14 i G - FR AL
SR FRIER, AR E 3 S NS, S i PR (1)
WA 22 T2 04 B, UV-AOPs B K B 9 3 8 i 21,

NIRRT HUE T KA MRS P4k
Foe fift o 2 B AR I A2 ) S M A SR F LA, o 2 fdr
B ALK ) 25 BT R R (AR B 33 mg/L)fig &R, LR
A A 22 pp SR AR BBLK VA  pH T 22 B ARE, RARTE
RN 2 48 MR B S (MeOH) & B0 LIMIC S 7R AT (R 51
WK N 253.7 nm I K UV 6, etk N 28 R 5 K
ARG RS B o ) WS RS B AR B ST FIE S2) kiR
S AT R 7KV VR R R AR Y B AR B g R AR AL 1)

M.

2 HR5R

21 HEESExtHam UV TZh4ERpRE@RshhE
FPE AR BRI

AT FATE FH R o 25 A € T — FE I 25 S Y R Bk
— 5 PO B AT S5 1 Bk A A (UPLC-EST-MS/MS ) X B 4547 3
KRR =T e BT, PR T B AR
K FIRTRE T =+ AR ge = WL FE B
AR ST BT HE SIS A, BT oz v I B PRI 1Y <2%,
R AR RLE BETE KIS P AR A7 A, DR, DR
FH AT AR A FE R B AR S AL B AR BT 3. K o T
<190 nm YGRS, A 22242 «OH FIZK & LT, PTbA
UV-254 nm YGREAE F R B BT 4REHur A B PR 35 D L
WOt B R AR I BB R s

pH=7.0 B (It pH 254 T [11-OH 537 A2 5 2 1) )
HUERDY, F 2 o Pl R AR B UV T2 P R AR
T 2R (FH T — 2 I N 38 8 B Ko 8 71%) S VR pHL [T 5]
DU 1. B v I ' R[] A AR A 5 R A — 2
NEEN F1 A 2 & S8 W SR E B B S3, BT
JEHIER pH H WSCFHE B R S2. MHRES s (AR
EL) EH %38 22 0.1%H, kops FEAR AR K AEB(<3%); M4 F
O BT 1%, ko KT 9.7%; MHEESE—D
B 10%I, kops AR T 17.5%(B 1). FREEHREH, &
I A & AR BT PR (<< 0.1 %) %6 il i e E B UV T
2RI B A T e AR TE R ), {HL SN R R R s LA e EE

http://sioc-journal.cn 73



¥ F R

FE (= 1.0%) 2 1 B R S A ' A 3 0 K A1

0.06 i | T
¢ S XXX elt axes,
’Q‘Q. K O obs \'°
g‘:, :.3 .:.1 pH (right axes)
008 | K R 74
oSoS TN %o % I %% 53
o0 & RS 3038
RN R %%
0.04 - 2% % bodel (X L7.2
- K R A KX
£ o2 Roco I 020 KA
£ ot %o I % 8 T
<, 003+ K & K& £&S L 7.0
% K& X K] Pede! o
g losos I %% TN 0%0% KX
s (20! & RS 205!
X 05 5 2% 0%
0.02 1 Lo SoS N %o %o I o %0% k&4 L 68
A S
oS0 T %o % I 2o (XS
0.01 1 - 6.6
0.00 6.4

0 0.01 0.1 1 10
Added methanol volume ratio/%
Bl RS 0 B B AR S UV L2 — ST 28 B Ko

FE AR pH 52 M (BT RF R AW LG R FE N 100 pg/L, pH=17.0)
Figure 1 Effect of added methanol volume ratio on pseudo first-order

reaction rate constant (ko) of atrazine (ATZ) and solution pH in aqueous
solutions in sole-UV process (100 pg/L ATZ, pH=7.0)
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Table 1 Proposed molecular structure and related information for ATZ and its UV photo-oxidation byproducts in sole-UV process

Mr
Name Precursor ions (m/z) Molecular formula Proposed structure Chemical name
(Da)
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Figure 4 Proposed photo-degradation pathway of ATZ in sole-UV process (the number in the figure indicates the type of chemical reaction)
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Figure 5 Effect of added methanol volume ratio on pseudo first-order

reaction rate constant (kos) of ATZ and solution pH in aqueous solutions
in UV/H,0, process (100 pg/L ATZ, pH=7.0)
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Figure 7 The extracted ion chromatograms (EICs) of decomposition
byproducts of ATZ solution after UV/H,0, treatment: (A) 0% MeOH (0
mg/L H,0,); (B) 0% MeOH; (C) 0.01% MeOH; (D) 0.1% MeOH; (E) 1%
MeOH; (F) 10% MeOH. (5 mg/L ATZ, pH=7.0, 20 mg/L H,0,)
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Figure 8 The degradation and formation of identified intermediates of
ATZ versus UV irradiation time in UV/H,0, process (5 mg/L ATZ, pH=
7.0, 0% MeOH, 20 mg/L H,0,).

Solid line corresponds left axis; dotted line corresponds right axis
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Table 2 Proposed molecular structure and related information for ATZ and its UV photo-oxidation byproducts in UV/H,0, process

Molecular
Name Precursor ions (m/z) My (Da) Proposed structure Chemical name
formula
X
P12 210 (ESI+) 209 CsHuN;O N7 SN 2-Hydroxy-4-acetamido-6-
ﬁHz | A ﬁ isopropenylenylamino-s-triazine
CH;—C—HN" 'N” “NH—C—CH,
N/\N
P13 139 (ESI+) 138 CsH¢N,O L %) 4-acetamido-s-triazine
=
N™" “NH—C—CH,
OH
- 212 (ESI+) - CHANO on Nl)\N 2-Hydroxy-4-vinylamino-6-(2-
§LL131N52 . . L.
210 (ESI—) CHs—C;)—HN N)\NH—CH=CH2 hydroxyisopropylamino)-s-triazine
CH3
X
P15 212 (ESI+) 211 C.HAN-O NTSN 2-Hydroxy-4-ethylimine-6-(2-
OH
210 (BSI—) sH13N50, CHS—(I:—HN)LN/ N=GH—CH, hydroxyisopropylamino)-s-triazine
&hy
X
2-Chloro-4-vinylamino-6-
P16 214 (ESI+) 213 C;HN:OCl o N N Chloro-4-vinylamino
Il )\ = acetamido-s-triazine
CHz—C—NH" "N~ “NH—CH=CH,
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Figure 9 Proposed photo-degradation pathway of ATZ in UV/H,0, process (the number in the figure indicates the type of chemical reaction)
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Figure 11 The extracted ion chromatograms (EICs) of decomposition
byproducts of ATZ solution after UV/TiO, treatment. (A) 0% MeOH (0
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Table 3 Proposed molecular structure and related information for ATZ and its UV photo-oxidation byproducts in UV/TiO, process
Name Precursor ions My (Da) Molecular formula Proposed structure Chemical name
XL
2-Hydroxy-4-(2-hydroxy-ethylamino)-6-
P17 214 (ESI+) 213 CyH NSO, NN oy ydroxy-4-(2-hydroxy-cthylamino)
P ] isopropylamino-s-triazine
G, CHHNT N SNH—CH—CH,
OH
N)% 2-Hydroxy-4-ethylamino-6-(2-
P18 214 (ESI+) 213 CsH,sNsO, oH | . .
CH3—C—HN" N7 NH—CH,—CHs hydroxyisopropylamino)-s-triazine
CHg
£
2-H, -4-ethylamino-6-
P19 196 (ESI+) 195 CsHisN:O o NN ydroxy-4-cthylamino
2 | J\ isopropenylenylamino-s-triazine
CHy—C—HN" "N” “NH—CH,—CH,
X
-H, -4-(2-h -ethylamino)-6-
P20 6.96 (ESI+) 211 CyHiNSO; L ydroxy-4-(2-hydroxy-ethylamino)
2 | P i isopropenylenylamino-s-triazine
CH3—C—HN" "N~ “NH—CH—CH,
X
2-Chloro-4-ethylimine-6-
P21 12.89 (ESI+) 213 CsH,NSCl N SN Chloro-4-ethylimine-6
CH _ isopropylamino-s-triazine
CH/CH HN™ "N “N=CH-CH,
3
P
2-Chloro-4-vinylamino-
P22 13.13 (ESI+) 213 CsHaNSCl | oN ?-Chloro-4-vinylamino
)\ _ 6-isopropylamino-s-triazine
cH /CH HN™ "N™ “NH—CH=CH,
L
23 15.76 (ESI+) o1 CHaN:0, NN 2 Methoxy.—4—acetam1do-
Q J|\ /k 6-ethylamino-s-triazine
=
CHs—C—HN"" “N”" “NH—CH,—CH:
By
A
P24 16.15 (ESI+) 211 C7HoN;0; o J‘l\ JN\ o 2-Hydroxy-4,6-diacetamido-s-triazine
CHs—g—-HN N NH g CHg
—CH,
A G
P7 )O\H CHy N| \/ i NG NH—CH,~CH3
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