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Impact of water matrices on degradation of organic contaminants by
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Abstract: The degradation features of high-concentration atrazine (ATZ) , sulfamethoxazole (SMX) and metoprolol
(MET) in a flow-through UV/chlorine reactor under different water matrices was investigated. The results showed
that the degradation processes could be well fitted by the pseudo-first-order kinetics (R*>0.97) with the order of rate
constants following SMX>MET>ATZ. The low UV transmittance of the reaction solutions and the limited extent of
mixing in the flow-through reactor resulted in poor applicability of the steady-state approximation model in predict-
ing the degradation rates of the contaminants. Compared with in deionized water, the degradation rate of ATZ in tap
water was slightly decreased, while those of SMX and MET were increased significantly. It could be obtained from
the analysis of individual water matrix that, the reason for the latter is that the generation of C10+ and CO, ™ was pro-
moted respectively with CI" and HCO, , while the UV photolysis-dominated degradation pathway of ATZ made it
less affected. The electrical energy per order(E,,) results implied that the energy consumption in real water was ex-
pected to be further reduced by increasing the oxidant concentration appropriately. Considering the generation of
disinfection by-products and toxicity assessment, future research needed to focus on the degradation efficiency of
ATZ itself and the generation of trichloromethane during the degradation of MET.
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Fig. 1 Degradation reaction device
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Fri5 41 (50 mol/L) 5 ¥ 25 S ¥ W (1 mmol/L) 433l
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WFFE I 52 T 15 Y W e AR L 1 R /K K B 5 56 1 [
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Table 1  Basic characteristics of deionized water and tap water

uv,.,/ cl/ HCO,/ TOC/

Kt pH em™ (mmol-L™")  (mmol-L™") (mg']_f])
£BTIK 6.47 0.001 0.04 0.23 0.32
AHAKK 7.46 0.043 0.98 2.81 2.99

1.3 SHhA*E

ATZ . SMX.MET L1 &% DMOB 1y ¥ & jifi 3o it 4%
C18 {43 FE (150 nmx2.1 nm, 3 pm) (14 55 4% W AH £33
A CZ BE AR 1200) T 5, P 2 2 AR 4 SCiHk (16-17)
VRS 24 I8 . 7 B SURT H,0, Hk B 208 4 28 A 23
S (04 75 DR6000, 38 8 ) I 45, e b i 2 &0 2
SR IR 2 0 75 By kAL ik (U5 25 8167) L i H,0, /2 LA
Bt R A 8K (Ti0SO,) 2 & (8 77 H 76 % K o8 410 nm
HEAT I . DBPs >R H AL 4 HP-5 & 4045 (0 3% 1
(30 mx0.25 mm,0.25 wm) A< (3% A2 AT e il 3k
Kl &% (GC-ECD, 22448 7890A) M 7& , HEREIA TR Ky
10 Lo HARTs G S @ 9 i 3 1 % FH 55 [ 3
Bi (547 8 T F & (19 ECOSAR % A4 (2.0 fiRAS ) i .
1.4 RER/REEDR

A FE A 2R A T 200 SSA AR AL 37 o F
AR B bR TE G W 1) B i 32 ZE A 0 UV B 6 i LA K
B HO- (C1- Fll C10 - %Ak F3 i o 52 B, [m] s L 5 >k 7K
A SOK A R T CL M Co, R . IRGE
b i 20 A B A TP O R AR A R AR
W, AR 2 (4) A= (5) BT 43 0 3135045 210 H bR s 4
(1 UV B4 6 i % DL R R A0 G B il s R 2

D e.q,b[CI(1-10"
rd: LquO)[VA]( ) (4)

R=r+k¢o. [HO N[ C kg [ CLITC k. L CLO-T[C I+

kcxc]; [ Clz-_ ] [ C ]+kaCOX - [ C03_ ] [ C ]:kml [ C ]
2., BAYIRY UV H 36, mol/(L-s) ;
R——T5 < TR 25 MR mol (Les) ;

& —— BRIS I (ATZ SMX 5 MET) 1y & 77
& mol/Einstein;

[HO- ]| —HO - 2 AV EE , mol/L;

[Cl- J—Cl- B RSV EE , mol/L;

[CL " J——ClL, MRS EE , mol/L;

[CO, ]—CO, WFEHE , mol/L;
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[Cl, ]x1 000 il 8 Qﬁiﬁﬁzﬁiéfx‘ 10(:‘,122::06?993>
o, W (6) sh IA MET-441/4 (k=1.23 X107, R*= 0.99)

Ay Eyg—— A BETHFE kW - h/(m’ - order) ;
Wy ——UV AT 4 A D38 kW 5
kg, —— 2 it 25 A S5 B AR 1 B AR TS B )
T — G0 o i R R B, 87"

B3 P SR U 25 4 (LA NaClo 98 2 80m) fr
TH FE 19 45 20 BE AR IF 5T TP B 0.851
kW - h/mol®";

[CL ] —— ¥ 5 AV L, mol/L.

2 #REITR
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K FH HE — 9% 8y g 24 45 R X ok i =X 56 A A R R
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M 27T LA 3RS e W) 7E N R K 5T Y R
fife ik BB AR AT G W — O N Bl ) 2E B (R >
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AP R TS Ge Rs m BN  H E 2Ca) PR, 25
TFIKIK TSR R AN T2 BN A IE R B % 1R T
ATZ 1) B fff 5 6, I o — 0 B il o 5 % Bk, 0
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6% . 3% 3R WILEIZ i it =X R W 4% v, UV B 42 O0 K %
EATZ I EZ LR M EINEATET
SMX I kN 6.41x1072 s, & UV B OG0 8.5 1%,
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Fig. 2 Degradation kinetics of contaminants in deionized water(a)
and tap water(b) in flow-through UV/chlorine reactor
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Fig. 3 Degradation rate constants of contaminants

in deionized water and tap water
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oy 5 2B 1K AR 38.7% .50.5% F139.8%
(8l 1 2 R TR X R W, 3 57 5 o X 52 4/l T
IR FR K T TS e W 04 5% e CH o) 42 2E ) — T T Rk
FI5 Y WA F R, 5 — O it 575 Y A AR
JE 4 R SR o

SSA A (1) N7 BRI AT RE ML AL T B 5 B
fife 0 PR3k . 4T, 1 JC SCHEk i1 ATZ 5 Clo- 1
TN R B (E o) - ASBESE LN DMOB S #7
EF W) 503 3 5 A B 12T ko PEAT I E Y S
T & AN M R B AR g ATZ A1 DMOB ) #E —
G 5 fire o R B, e T AR B Ko, M 3.46%10°
L/(mol+s) o FEMAR kyppcro 7 36T A RS W E
B 43 S HE ST T 2 BT KR A SR KK B 4548 3 Fh
H b 15 G W) 1) 58 S 58 195 i 2y 07 27 BT [ SSA LY,
K (5) ), AATTXF b o S 5 ok A% v i e W ) v — 2
fif AR B AT B IO L 5 R C WOoR R 3
S L S 6 R R 0L 485 SR AT DLk B, SSA B X 2 Aok
JBT 45 A7 T SMIX 48 A1 /58 W5 i o 23 B0 i) T 000 25 SR 3%
S 28 Y B RAR T 8.4% 1 71.6% , {5 ATZ Fll MET
F18) o0 0 485 SR U] 4 250 v, 43 ) oA S Y 5.5~16.9
£ A1 3.0~10.2 £ o 58 HJ A, 8 vk B2 S 4 1 (50
pwmol/L) Fl 48 A5 (1 mmol/L) B 77 76 £ 5 30 e i 1
W JE 3 R (A20.12) , i 15 SSA 8 rp (1) 5 YL )

55 AR R G A o R A AR A 2 AT 28 8 R I i AR
R AR, DA 3 X UV T 428 6 fff 3 R A0 [ P 36
W Al o e Ah , SEBR RN A K TR A R AR
A5, AT BB A7 7E BN 53 R T AS 58 43 (4 Tn) R, 2 — 25
T Y R A ROR AR AR . S — AR E R
PG BRI () SMX A MET 78 3 KK 4040 T 1
R R N a3 ol Y (R e o 17 VIR U
AEE SRR A R . XA, T RBAE TR T2 A X
Tk 2 B ST 1 SSA A5 Y I N B o i 700 B2 I A% b
C10- (Cl,Fl1 CO, 55 (1 A B AR AR A 00 ARAN T4 B i
FEAE FORK ST B bR TS e i B ook . 255
R EEA T LA A SSA B A I 2 3 2 5L AR
J I #5 i VA T Y 0y e i ) M AR 2
22 AEEEERMFN

R i — ARG AN [FK BT 554 T A HLTS Y Py o i
R AR 22 S A SRR DL RS TR AR S
Sy B PE A T 6 mmol/L €17 . 6 mmol/L HCO,™ .
5 mg/L DOM X} 58 41 /50 T 200 i H AR 15 Ye W 1 52 1)

IR ILE 4,
0.15¢ o
W EETK
| 2%%7}&0'
0.12 {1 % & ¥ /K+HCO,
27 /K+DOM
5 0.09
= 0.06
0.03
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Fig. 4  Effects of different water matrices on
the degradation of contaminants
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5y Clax 5 Cl- i A R 2B 3k e, (30(8) ), 9F
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EE RISk > 10° T/(mol +s) ), FLANASBIRSE ) SMX
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L/(mol-s) 1 1.34x10° L/(mol-s)", (A, 27K i CI
W PRGN, 58 A0S SO A4 22 v C1O - B B2 A N 2 1=
ML HE T SMX 55 MET BB . BAR IS ATZ 55
C10 -« B9 S 36 PE A8 3 ( By =3.46%10° L/(mol -s) 1,
B HAE b 3 2R 7 2% 7 LA UV A Sy 35 110 Ak A
FE T CLO - Vi B B T X5 5 Y Wy e fife 1) 42 it A P A PR o
73— 71, HCO, 5 | A BARTHAE T — 43 HO - (Cl- il
CL (30 (10)~(12) ) R [R] B 3 2% 7 A= 4 v VR B 1)
CO, ™o COy & —PhiE Bk B 1 AL [ 3k, W0 Yujie
ZHOU %" & B8 CO, "RE P A 1E 3G M ) 2 DA
RMEEIR X — A W B A% (k> 107 L/(mol-s) ). 5k
ABEFER 3 F0 H bR TS G0 &, SMX X CO, HoA I
(9 BRETEHE K gy 0 -=3.23%10° L/(mol-s) ]2 ALt SMX
) 8 it 3 R AE 6 mmol/L (1) HCO, AR A i Z 3Tt
ATZ B MET 5 CO, B9 S B PR k0 =4.00%10°
L/(mol-s) ,kMETXw} =5.10x10" I/(mol-s) ) 53 CO,"”
R F B TR T RO A AR SRR I NI . A
Huaying LIU AEROG IR SE i C HCO, BEfE#E Pt
S g 58 Ah A T 2 B AR D15 (Gemfibrozil ) FI %S
A ( Naproxen) M4,

Cl-+Cl'==4ql," (8)

Cl, +0CI'——> ClO-+2C1° (9)
HO-+HCO, ——>CO0, +H,0 (10)
Cl-+HCO,—— CO, " +CI' +H" (11)
Cl, +HCO, —> CO, +2CI +H" (12)

WV T A, A [R) 52 NE # P9 2R A7 190 %ot A1 e 38 4
W % f 5256 v, 6 mmol/L ) C1 T HCO, ¥ X} 48 41 /44
R At SMX ORI MET 2 B0 40 il /E FH . X nT g5 2 Fh
J AR R A 3R TR B A #4245 56 . Kaiheng
GUO S5V & B4 A 120 v A 700 v B 1) 18 2%
P 5 JLXF - OH 1 C1- 1) 74 #E 3 R, HL AU Ak 7 7 ok
KT 50 wmol/L BHRE B A Hy BE 1) = B BR A . A
WEIE ok B T Y Wy 6 fidk e 8 1) U0 2 S0 B 3R
5 (1 mmol/L) , ]I - OH A1 C1- 3= %2 5 HOCI/OCT 2
Wi ZE B K i Clo- (K (13)~(15) ), 1 €10 3Z CL
HCO, 415 I 5% 1 (k=600 L/(mol-s) J* it /N T HO -
5 Cl- 52 3 52 m , B A /Y CLO - RSB 5% Ak 1Y Ik
A A (C10- 5 CO, ™) i B 4% 5L i T SMX
FIMET [ () £ B 5Tk 1 AH X b, 24 SR Ak A ik
JE 3K (<50 pmol/L) B, 75 Y ) [ ik 49 A% o0 S5 g
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Yy JE A R - OH 5 Cl-, BE B I A RS 1A HCO, 211
oA AR - OH Al C1- IF A8 Al 5 b 3% M A B9 vk A= A i
Fe | M A A5 X 5 2 ) 8 figt 3¢ B0 1B 00 3 o

HO- +HOCI/OCI™—> ClO - +H,0/0H" (13)
Cl-+HOCI—>ClO- +H +CI” (14)
Cl- +0CI ——=ClO- +CI” (15)

& 4 38 7T, 5 mg/L DOM B 4% fin %f ATZ .
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