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FORUY BRI MECR R, R 5RAZ A Mk T, PS B L ST A R B Y
Bl misfd kY, B PS =R RSOy H 3k & ik etk 5 + 8 R W s & i 1 10 05 & iR s 3L B B
RN L, Ph OyPS £ R F#f# OTC HA Bbr iyaE HPE . HAT, 2T OTC WWFsE EEE P 1E
KN HE, & OTC Y A AL 3 7% [ P9 A0 20 i WL & . A B 5% 2Rk FH Oy/PS B[R] 1% i 1% < i)
OTC, 7EZFE LB EE B P 5% O, K& PS XHES H OTC By EFRFH, b 4 2B /EH M stk R, il
it LC-TOF-MS/MS X} OTC [ B = By ik A7 o0 pr o, R pL S5k 4e, DAk & OTC B Ak
B AR RS
1 SKIEE5y
11 SSBEESHE

Oy/PS PRI B OTC J& <1 5255 5 AN ] 1
BT o W3 i DxH=3 emx50 om [ % B 8% 3 el
FEA AL, BE IS SMUE B AU . WER h %F
fE I g (FL7% 0.8 mm) & Wi 5 5, ¥IAImEA
B OTC AR H sh A ik Bl , 3 8 i 44 fn SRR

B OTC WRIF W 175, #4100 mg- L™ OTC . Im‘:'_@) S

VMR 7 EG VR HL (500 mL) B A IR K U ot -

(BHS-2) P4 (100 C), WM SRGIE e P

AZ, BRI OTC IR G k. i i =
5 5L % 2 98 (CH-ZTW6G) 7= /£ 1) 5L 40 fil OTC o Wil
BRRAR, RIEHEABE, BAT B AR SREOpERLELEEESLE
EEHASED S ERM . RN, & Fig. 1 Coordinated treatment device of OTC-containing waste
0,/PS Re& it I 140 P S N I AR B TOL R HE s e i gas with ozone-sodium persulfate

J WIS IR I A A R, FEVE K I AR R R OB U ABOIE , REIs AT 0.5 h, B i mEMOR .
S T U5 R B R X H R AlK e A

O,/PS WEPRIEXT OTC 1 L bR RESL 10 #F OTC #E i M 2.4 L'min™', O #X M H M 0.9 L-min™",
S5 RT3 4 30 mL-min ™' M40 T if 47 SCRELTE 4 BB

1) ¥ il S OTC ¥ R (0.7£0.1) mg-m™, 3 i 2 A8 #E S O, Y ¥ B RIS I0R V3 PS RO vk i,
i 5¢ O A1 PSSl fE XF OTC ZBRFAFZ M . WEMk & PS B8 =351 0. 0.5, 1. 2mmol' L™, DA
Al AKAE 2 A O 0). O, WREERREE X 0. 128.58., 385.74. 51432, 77148 mg'm”>, LA
BRAE A AU REE R 0)

2) 3E i FE il O A PS KARFT O, A1 PS Xf OTC Wy LBRIEH Kotk LR 44 =S4 #E
afi K FN 2SR, Bl Oy, Ll PS F1 Oy/PS PR[F], o PS MM X °H 2 mmol L™, O, WYV FE YN
514.32 mg'm,

3) 3 1 45 6 SO, A -OH K X 43 2 i [ #h 38 43 51 % OTC A9 2< B VE I K BTk R o SEI 4y hy 4 4
JoH H % . SO; f1-OH, ¥ KSO; #-OH, ¥ K-OH., %S MMAi/KIERIBITAMERTE A k374,
2 mmol-L™" PS 1 514.32 mg'm ™ O, 4 & B} i [7] B 7 4= SO, #1-OH, Ml A & B (EtOH) A LA [A] if ¥ 2K
SO, #I-OH, JASUT B (TBA) Bt H K -OH, 2 Fh PG LL 0.5 mol- L™ A5 & 4% 2] 2 L ) PS Mk
W

4) Bk H IS AR, e g A AR A . OTC AR A% B P 1) OTC ¥ W 46 il i
afizk , 7 PS WM T 50 mL X4 W2 (0.5 mmol-L ™), S2H4r k3 4H: 51432 mgm” 05, 514.32
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mg'm~ O;+2 mmol-L™' PS, 514.32 mg:m~ O,+2 mmol-L™' PS+EtOH, 7E%E 2172, 5. 8min )5, HUx
N J5 TRV 2 mL, P 2K B 4 4505, R oK — H iR ek - OH Ak Ja i 2 e = Wk i .
1.2 SWS5HERE

AR B R AR I (ZCP-O5) Kl , 0 ey Ol 0~2 143 mgem™ . 25 [ H1 2L ((OH) 58 & H
w4 I 1T (SHIMADZU RF-6000) [l 2450, 3 & 6% K 315 nm, & $F 4 4 370~520 nm.
SARFR AR R B e 7l &3 (LZB-3) #5461, &= #253%1°4 0~1.5 L'min™' A1 0~100 mL-min"',

OTC kSRR 775 . A 1 mL B R AR SO B OTC IR A< Smin J5, B S4M]
U043 606 BETHAE 354 nm Y4 A0 T S WSO ) WO BE L AR AR A v il Ze g B Hh Wl b OTC MR,
PLaC (1) #:53 H OTC eSS b iR JE .

C, = (CWV)/(tQy) (D

X C A=A OTC WK, mgm™; G W OTC R, mg L™ ¥ Wi AT,
mL; ¢ WUCHTE], ming O, NICHE T AR B, mL-min 'GHEST Y OTC #A &, A H N
#ES, OTC i it Oy M Z M) TR EARE R 100 C, @ik OTC W TKES,
1 mL g R R % WA vk ) B Ak 81 v S R WS R VE T, BRI, RS A VR B L KR OTC TR &
W, BV OORIRA W SRR

OTC Hh [a] 7= 9y 1 % 5 2R FH 185 43 B 05 B¢ FH X (Ultimate3000-tims TOF) Al Hypersil GOLD C18
(1.9 pm, 2.1 mmx100 mm), #5ESHAR N 3 uL, FEIR 8 40 C, WHE K 0.3 mL-min'. WA A
0.1% H R (A) M ZNIE (B), PEMEid A R Ve : 0~2 min, 5%~60% B; 2~8 min, 60%~100% B;
8~10 min, 100% B; 10~12 min, 5% B.

2 ZFR5TiE
2.1 Oy/PS IEHIEST OTC B LR &E
B4 -3k T R M B 98K T IR] B A OTC 1Y 25 B

0 mmol - L' PS

PEREUNPE 2 B o a8 SR 47k {0 B O, Al PS 05 mmol IS g

—&-2 mmol - L! P_S_ s

f25 M1 41 (0 mg'm™ O,+0 mmol-L™' PS) X} OTC
) 25 B %N 64.5%. 4 %53 (0 mgm™ O;) fll
2 mmol-L™" PS W Itk ¥ Pip [7] 76 A B, 13 9k 35 X
OTC () 2% N 65.5%, i WISk 1 PS ik 5 1Y
FBR RS A A 22 H . 2 51432 mg'm™
O, Fl 47K (0 mmol-L™" PS) PrEIVE FHINF, Wik
X OTC By 2B H 79.9%, tbaE AR T
15.4%, ULBH B O, W] LA 22 BRE 4> OTC, 4
514.32 mg'm ™ O, 1 2 mmol-L™" PS M bk & 1 [7]
E R B, OTC K FR3F N 94.7%, # Sl (1) PS
XFOTC 1Y 2 BR MM T 29.1%, ¢ H 0l (1Y)
O, Xt OTC [ BRZFHIM T 14.9%. Wik, 7EMFE OTC #HAMWE T, O, M PS UrRIf# i OTC i 2Bk
R O, S H MY PS R o BEA, OTC M B85 O, 1 PS i & S EAH & . L 2 mmol L™
PS 1E R WEMk I, 8 A AY O, W FE M\ 514.32 mg-m™ [ 2 128.58 mg'm > I, OTC 2= [ i1 94.7% [% &=
89.1%; 1WA 51432 mg-m> O, I}, 7E PS ¥ i 2 mmol-L™' [ % 0.5 mmol-L' fyidFE, OTC ZEfiE
1 94.7% % % 85.5%.

n/%

2 O, FAPSFIEX OTC EFMREHNF M
Fig. 2 Effect of O, and PS doses on OTC removal efficiency
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2.2 O, #1 PS %t OTC F B Y 5Tk

WK 3 s, AR 4 T OTC 1 2Bk
KR ES, I T PS Al O, XF OTC LBRVEHAY
TIER . 4 OTC #F My 0~1.2 mg'm ™ B,
Bl PS WK BT 3k 2 (9 2 bR R RN S AL A 25 T
JL, R 509%~65%; Al O, YER KT, OTC %&bk
N 58%~80%, R U 6.2%~15.9%; [F)
A7 76 O, Ml PS B, OTC £BR R Ny 819%~95%,
25 A4 25.69%0~31.5%, B O, B)&7 13.9%~

232%. PSTEE O,. MEALFIZEIE (LH]IE (LS A FE £ F141 40 mmol - L PS+0 mg - O, PHPSAL,
N ~ B N 2 mmol - L' PS+0 mg - m~ O,; O)0,41,0 mmol - L' PS+
BE= A4S0, A %L, ik, HlfY PS Bt = ik 51432 mg - m™~ O,; OPH P4, 51432 mg - m> O+
T, JESO LA, OTC B3 1 R 7R 2 mmol- LIPS

] v R (y j': L S22
MRS THON T O KT HLA A AL A PO PSXIOTC KIRERMAME

Fig. 3 Contribution rates of O; and PS on OTC removal

M, rebeEff &R, Bk B4R, OTC /Y
BRI . 2 O, FPS UREIRT, O, i Ak ™ Ak 1 SO, X 15 AN T A B A 05 75 2R 1 15 Y W A 55 =
(2%, T e PR b = 20 25 B LA NI AN 5 B R A 45 A 10 OTC;  [R]A SO; th 23 i 5L 42 43 it
FEA-OHM, P B B =R BN T OTC M R . 7E WA EALRIM AT, did R KER T
Wt A% T 2K G A FOK AR B ARSI rh BT S AN T B ARG, kR T OBAR X OTC BRI .
S SPET (25 C, pH=7, #E6), B FAELK K EE R (0.101£0.002) d '™ L, A
XF OTC My LBk F2 2 MAiK MW IBUER, +\EZVIDARIE BB T KM, 285217 20 min,
B PR I R OTC ¥R 22 4 0.487 mg-L™'. T Oy/PS UMM Ak T 548 K A i JEry S Ve, Ak
VERl -8 R BN T A=Y, W T WIREE AR i | R, R8sty
20 min 5, PG FRW PR OTC ¥k 4 0.039 mgL™'. B, 78 O/PS B [d] B it OTC & < i1k &
L AR UL T 50.0%~65.1% 1Y OTC, O, A ALVE RN T 6.29%~15.9% By £ R %, A
PSJE, A4 T -OH MISO;, M T OTC AL, ZBRRIER T 13.9%~23.2%.

Wil %5 #F < OTC Wk FE 3 K, OTC Wy R BRB B Z T+ . #E O, F1 H i & E ALK i OTC 1y i 72
L, RAEBRTEHRE, AL C b A R ER . OTC #-OH A 3 mMIh T, BTHEH
—N(CH,), N JEF I, PAEREHEE T, o-CE— X7k, METUCRhPOMARIE. 5
4h, TE OTC B ALl # v, -OH H 3 ds OTC W CS5 A, 540 LABR by b A ik I H 3
R A B A ALY B T L4k S 2 5 -OH A i BE A i B X R R P, B T R & b -OH Y
i, I HXSeaHLY A A v e X OTC A HERE MM . BE&E S OTC B, Wik i
R ) A SR ARG, s T OTC MR g i
2.3 SO, #1-OH % OTC HIEBR{EF

O,/PS #5 8ph O, A5 BT 25 R W R Ay B IA 2, SO FI-OH 2 Fh [ i B2 7F T A WL iy A AL g AR T,
L, 2R A A RS G B B0 h, DARSE WIS SO, Fil-OH 2 Fl [ B 25 X5 OTC 2B i o1 ik
Ko L (BtOH) BE 1% 55 &L K SO, F1-OH, #U T P& (TBA) RE =5 R K -OH,  XJ SO, ¥ ¥ K 3 F 48
2201 O T HEBR I OTC K BRI THEAER . 752 (A4l (K- alik) f, 43 51m A EtOH il
TBA 2 F AR5, X HLVE KN A G 26 B X OTC LBRF A ARtk S50 FRW, MR OTC W il R
(0.67+0.03) mg-m ™ B}, 3 FhAcF T E X OTC B L BR R ILE (65.6£1.0)%, F BRI I AXT OTC
() 25 B TC 5

SO; #1-OH 2 F F %) OTC LBR/EH M sTlk = ani&l 4 i . tL# OPE. OPT. OP 3 £ %i¥,
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J A EtOH ¥ K -OH F1SO; 2 fh H )5, OTC
By 5 B R PR T 13.1%~21.2%; I A TBA 7%
K-OH J&7 , Wiks Xf OTC &< Y 2 4 R PR
T 8.6%~13.7%., iX 3K WK F rf-OH HISO; [m] B
FETEIF HARXT OTC By L BREH . -OH #1SO;
XF OTC 1Y 2 Bk 43 9 i 8.6%~13.7% Fl 4.5%~
7.5%, -OH A4k A = M STRk 3 . XT [k OPE
2 [ 4L 8, in A EtOH ¥ K -OH F1SO;
J5, OTC Y & BR 245 b2 145 10%~16%,
U4 BE R i OTC MY A AL /E I f7 #F . CHEN
A5 PY T 2 T A XTE A5 P ] AR A O AR
R B A B AR S A — B A R . AR
T HA -OH (M3 E b EHSMAA HEALERTY,
R, S A EtOH % K -OH Ji, 1A REMH
A ALAE FITERR iR OTC RS, W] BEFELE R
BV R (5 A B A A AL OTC I .
T U B U Y O, 2 1 A AE ] 2 A AAE
FH LA B B BtOH ¥ K5 J&: B AF FE SR 4y A th 3L,
XF-OH j= i AT 7 I 525 . -OH 23 8 X % —
FETR 47 AR T 2B B 2 O ) it 208 R X R —
R, FEHI IO 3 A OH e 3 A E FBY.
S AT, 2-FR B oK R A S o g Hh R
TE 425 nm &b, G, ARSEE DL 425 nm &b A9
J5i B R FAE-OH 1Y fie K AR Wi . 9 't ik i il
0] F) 2B < 1738 58, 156 BH 8 2% 9 -OH — L
AR, 2R L BREL, kS E R
O, %M T, BT 5Smin )&, WO 2-5 5
X OR W R S Ot R O 1733, X Uk B 1E

L2 [ 2 hlalik ; OPEJSO,+PSHELOH,
7K - OHAISO, -5 OPTHO,+PS+TBA, K - OH;
OP}O+PS, P4

El 4 BHEEI OTC EMREIFNT

Fig. 4 Effect of the radical species on OTC removal
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0
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:: 040,41 ; OPEJO,+PS+EtOH, VA K4
OP}O,+PS, Ppli]H ; WUAERTE 2.5 .8 min,

Es5 EEAHESRUNEZ_RRRAKXILTE
Fig. 5 Fluorescence spectra of terephthalic acid oxidized by
hydroxyl radical

O, HMAFAERT, 2-FH R — R A9 iR BEAR XS (55, BI-OH Ay A s ARX#R /Do I, O, X OTC
B 6.29%~15.9% 11 23 B R 22 h R Ak = AR Y, SRR A2 -OH 11 [l 42 A A VE I nT L 2
WS WEMIEALE O, A PS RIRHFAE I 54 R, 1847 Sminfi, WEKI A 2-F2 3L 06 25— H R 19 9 o i
910 899, X i WA PS Hh R AR I, i & A9 SO, &2 #F O, 43 fif I 72 4k KB -OH, JREE T
O,/PS T3 [] B fift OTC JE SRR B i o AT R BtOH J , ¢ Gim B W i T R, (HABSRIE A 2
055.9 B % St 5 B, Ui BH EtOH By A FF A 52 e K H i 58, 84 5% 8 10 B il B 78 S Ak I i
OTC. KUk, JmA EtOH ¥ K5, OTC A i L bR M R AL T O, i B A A 1E sk 4y A

i 2 14 3 [R] 2R AE

i Bk . OTC R EBRF N 81.5%~94.7%, Wi Wiy OTC i 50.09%~65.1%, O, H 4k
YEF 5 6.29%~15.9%; A PS5, OTC WJZ=BRFIEM T 13.9%~23.2%, 4 X 85 H 8.6%~13.7%
1 -OH EALVE 1 4.5%~7.5% (SO, EALVE L A, LAk, A 0~3.4% A BRI 2] 4 5% 4% A B3k .

2.4 HE~ME RS IENIRRT

OTC 25t O,/PS WIRAVER, FEAR T TPSC,0H (N,04(m/z=415.15), TP8C,,H,N,Oq(m/z=441.13)
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TP12C,,H,,0,(m/z=192.13). TP13C,;H,,0,(m/z=225.19) 4 Fh b [a] 7= ¥y, 454 OTC Hia) /=¥ i 2 7 85 1
M R B B REAR E, FTHEN 3k 4 b 322 o ) 7= ) A e e B AR

O,/PS Wr[Fl [ ff OTC UHLEE Jz i A2 A&l 6 /R o SO Mk b 5 5 25 oL 1 A9 57 75 e l L 0 o sk
A R P, A Oy AE R iR, WA 5 MLk 4 F A5l 1Y s F - XY, OTC By AUk I 5
L5 5 T BRI . Rk R I e B AR B R B P X LA B B R A & AR, OTC &0t 3
PR R

551 MR A JE OTC C4 Jir i $2 19 — W 3£l [—NCH,),] 76 -OH [ i B 2%l F, T35 2
—N(CH,), (N JEF L, FAAEMREHE ., o-C#t—2LFFk, =AETUCHPOMAREE, %
3B S 0T LA S AR D R g, SRS AR O R o RN R, DR K AR K m/z=433 1 v ]
PP, LE IR |, C6 BT BRI K45 2] TPS(m/z=415), FEFEME A TP13(m/z=225) Fl TP12(m/z=192).

55 2 Pl A2 & OTC 1 C6 Se /K A= i m/z=443 Wy rhal =4, -OH A M B3 C5 Ja5 %5160 LUK
St e A H RS, RS A U B A S A, S AR AR BRI, AR R TP8(m/z=
4411 gk — L AR R TP13(m/z=225) F1 TP12(m/z=192).

55 3 Pl AR & O, B OTC 19 Clla Al C12 Z A XU, & B 1, 3R 30 s s i B, in A4
JEF, A m/z=477 PR, 25 B SRR AR B m/z=449 (Rl =8, Rk — 2 B AR R TP13(m/z=
225) F1 TP12(m/z=192).
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Fig. 6 OTC degradation mechanisms and pathways by O; and PS

1) R H R E L H IR (0,/PS) WrAE &M OTC JE<., OTC LBEFN ik 94.7%,
2) O,/PS Hh Al 4 i OTC S BIHLE H . O, Fl PS M IR 7 £ -OH FISO;, 7 O, 3 & Ak i B fil



3108 ok L OB ¥ W 4%

E,
1k,

WE—HE T OTC B M EALRCE ., O, Al PS i [E EALAE FH £ B ALHE 6.2%~15.9% 1) O, HIEH
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Degradation of oxytetracycline-containing waste gas by advanced oxidation of
ozone/persulfate
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Abstract In order to remove oxytetracycline (OTC)-containing waste gas generated from the process of high
temperature composting of livestock manure, an advanced oxidation method of ozone and sodium persulfate
(O4/PS) was used to degrade OTC-containing waste gas in the spray tower. The performance and the coupling
role of ozone and sodium persulfate on OTC removal in spray tower were evaluated through comparing the OTC
removal efficiencies by the device under different conditions. The result showed the OTC removal efficiency in
spray tower with O5/PS could reach 94.7%. The 6.2%~15.9% increase of OTC removal efficiency was attributed
to the direct oxidation of ozone. After PS addition, the OTC removal efficiency increased by 13.9%~23.2%,
including 8.7%~11.9% by -OH oxidation and 4.3%~7.5% by SO, oxidation. The intermediate products from
OTC degradation were detected by LC-TOF-MS/MS, which indicated that OTC was mainly degraded to
C,oH{N,0O4, C,,H,(N,Oq, C,H,0, and C,;H,,0; by direct oxidation of ozone and oxidation of -OH and SO .
The analysis showed that the OTC-containing waste gas could be effectively removed by pray tower, and be
degraded by O,/PS advanced oxidation. The above research provides reference for the generation, detection,
treatment and application of OTC-containing waste gas.
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