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Degradation of chiral drugs by hydrodynamic cavitation
(HC) combined with-advanced oxidation technology

YANG Yahong'™ LU Wanmeng"? LIU Enlu' LIN Xiufeng' LI Pan®
(1. Lanzhou University of Technology, Lanzhou, 730050, China;2.Tongji University, Shanghai, 200092, China)

Abstract: Chiral drugs ( CDs) as.a type of emerging micropollutantswere frequently found in rivers
and drinking water. According to statistics, most of the common drugs have a chiral structure with a
pair of enantiomers inside. For CDs, internal enantiomers usually exhibit different properties due to
their different species and compositions, which are reflected in toxicity, combined absorption with
proteins, and natural decay rate in rivers. In addition, advanced oxidation methods including
cavitation ( hydrodynamic cavitation and acoustic cavitation) , Fenton and photocatalysis have shown
great promising in the removal of CDs. Based on enantiomers, the nature, source and impact of chiral
drugs on human health were comprehensively analyzed. It was proposed to investigate the chiral
reversal and pharmacological stereoselectivity of typical chiral drugs in water. And then the removal
rate of chiral drugs such as carbamazepine and ibuprofen by hydrodynamic cavitation combined with
other advanced oxidation methods were summarized. Three advanced oxidation methods, which were
applied in combination with hydrodynamic cavitation, were also discussed. Its mechanism,

advantages and disadvantages were analyzed in order to get the optimal conditions. Consequently, the
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bottleneck of the separation and analysis methods of chiral drugs and the prospects for the removal of
chiral drugs in environments were proposed.
Keywords : chiral drugs, enantiomers, hydrodynamic cavitation , advanced oxidation, pharmaceuticals

and personal care products.
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FE PRI TR I 7 A 2R PR N A~ 58] 30A B T i JR 5 A 25 WU RCR | (X 2 0 i L3R5
Fe AP Tl R B R 258 b A 24 =00 2 — R TAHEZ5W) (CDs) , T 7 BRSO REE B ) —
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Bt A 2F RS [ R N HEA T A BIRSE TR A TR [ | AR B 0k 2 A i SR A B A
HuIX, X 2515 G RIS A BR 1, L RS FE 176 M E R, A 6 ~E K siwk 17 HA i 1)
50% V4 b, RZEEFK(T1%) ,HA A Z = LR E (I E S8 B P8 AR ) |, A0 % R 1B TS AN
i 3 31, 9 H AT DR A s S8 B B 62 Fe [T A8 3CAY 190 T A B dla 5 Hh 458 U0 7ER I A
I R R S Tl R EA T AT S /i o ] 8 25 95 Qe e R B rp e T N R S i — /NP X, )
5 e ) 2 T RN TR

MR ARG 20, CDs AR AR 7338 1o i I B Ol ok Ak A 1 SR B 85 v g Al 2 a2 A, O ik
PRSP BUR RS D, BRE b CDs X AR AR AR 2 2l B BRI T TSR AR5 HAL 2R TR
MEEH ) A RFE AR A BT C R UEW] , —SE 25 R 5 K AR B (WWTPs ) il T A 3 R AE oy A B T2
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1 FHAYMHER.KREEXT AR R0 ( The nature, source and impact of chiral drugs on humans)
2003 4F 1 H 2 8 H 1], 24 it Y4 A5 3 1 38 2 it 24 5 MBS Ry (FDA ) BHIE I, I8 A 45 SR
DA B —XoF B AR 1 245 5 2 A8 o 408 24 O Tl S e 0, LG R 649% . I E T #R5% CDs X BLARE
SRR EEERREE N CDs M5, T T 8 PRAEE5 0 DL S 2520, It AE PR B h 7R 1 B S e A
L1 PRy 2R
H AT 5 K B K AR BB A 245 S5 B T GV o 25 B iR Ab B T 20 PR Dl ax 235 7K
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B T AP mg - LG A 5 T REM ALY BT AL YIS K R R BRA AR AR, Joik s
BN W R AT S 25 EE 28 2R B B L BR A IR AT RE R DA D FE B 25 W 1 5 K MK h o LAk
AR, F R 5 Py

CA 2 T I LA 25 AR 2 (1) T SRS R 2 (396 5% A SRR SRR )
(I PUER (B IR R R R B-NBEIZE RIFNERZE RIS DK ) 5 () Bid
TRZS (RSP s (V) PR (R =R/ 528) . (V) FRIER (VR ) o (VD) U2y GE8 T (&
JERET ) 5 (VD) B-32 PR BELH 7] (SFTIR R BT R I ZRI% 7K ) 5 (VI HeAte My o ( B HL 226 RRIRESR s JE
SRR 3 HTX 8 K25 Y5 HAB TS R Xt LE e e T H A T8/ T 500 Da, &4 452K
SLZR 5T RVE RE I B HAT 2 T AT B B A AR A W 2R, AW ) 315 B 5 23 A AR TR A
I BHEAENRE. Bt 2 50, 25836 BA R A i) SOF CRFrAE MR PR A RE T, 40, 25385 28 e i 1 ot
WS N LT 8 3 AT RS 1 4R T ORI AT AR 2 AR AVE N S 1 M i Ve b 3 T 2 S BR 25 1) — SR
FEANTR 244 7 2580 > A Q) > B0 25 > 5T AR B S BT A 255 I8 Bl 35 70 > £ 5T 2 25 ( NSAIDs ) > HoAt 254
(UNBIRE 2 e SRPEYT TRJE R T SRR B O AR )

FURI R 0 LBR 2580 75 vk T2 A AL B (A 55 ) R JBRAR B0 R v G A is R 1.2
AT AR A Wy Ak B v A B TR G 2451 A BRBIE S, R SRR 1, 18 22 25 WA n] LAl 2B W R A 25 B L (HL
EATTR A W e A ARG, B MR AR AR by 52 A BB AR A iy s il RAIE AR | L T SA ) AT
AR B AR, B AR AR R L L e T 15 Y 458 B I 8], 75 7 b BT 8 2K 3 452 B I 1], K R 7 32 LA
Lo 5 P FK B ) 2R BEORAIE R S8R CDs 25 BR AT B iE =20 SR AL 34 3 70 1) 9 126 % B 7. AOP
TEIX 7 T AT ARGl kb A R g 0 R, ™ A2 09 - OH Al JC R PEPERRE R CDs S HAtLY5 4 ¥y AOP
o P B9 SRR L 95 B 9 04,0, 45 UV/H, 0, ,0,/H, 0, \Fe/H, 0,  J-Fenton AL FIHL-Fenton [
MHE.

R AR K P25 5 BR A

Table 1 Degradation effect of bacterial on drugs in water

MR ZBRZY) FBRAECR SCHk
Bacterial species Target drug Result References
VR ! - B 78 755 35 2500 mg - L' ()t vk JE R,
Ll HZ BB 70 i s KIS T 4 ot 2ol [12]
AR PR K% (100 mg-L71) 8 h PSZEUNT I 100% 2Bk [13]
[EEEL] L LINE 20 d N RBRFRIEF] 47% [13]
AN A1 ¥ S5 IR 55 SR o/ I S Ao A A AR 1T LA 5 4 B [14]
o EUTE AT R W ZG (56 h)  MIERE L 98% [15]
PR1 Fi#k Tt e — Y 100%

il e P 4k 98%

TRt g i e 100%

il e P 4 M 48%

it e e e 41%

HoAth JUF-TE R fit

1.2 FETG YK BRI A S5 N B 1 e

CDs TELJWTi 3 5 Y — 5 2 1, — o5 245 ) 2R A T B IBOR A e (5 43 S R AT 4R B CDs . H Al
e FH ) ] Bt 24 7 3 e W — o ol e S P A R i 8 P 1) 22 31 43 ) 6 44 A R LA R S5 Bt . Xof Bl A<
FEA P Z G G W BE BRI A AR, & A e S I A 7 285 45 1T 7= A AN ) BRI 97 S50 RAS [R) 7 B0
BEEAAE BT R/S Xt efdk bR nT AR ERSE b A i i) i AR 16

— BBz fH Y NSAID, BN i 25, 2838 A4 A& 25 7e 75K Bom H op SR sl | 1 5B E
1A BRI 4350 91.4% ,75.5% K1 51.7%" ") A5 % S5 A 2535 A J&: NSATDs B # WARER 254, 4 1]
Bl 2G5 BN R (2-APA) 2 R 5T R W, 36 T 28385 AR R 3 25 (APA) Skl oA 5Kk ik 1k
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WIS (R) -APA AR K 1 &3, U &t A Yy R R A B % A4 T /1 (S)-APA 2 (R)-APA 1) T-1E%%
A, PRI T DA G0 S AT 3 i 3R] B4 FH 24540, ) R-APA (% H 3R A7 STP /K A .SUZUKI
S o W AR IR 5 2 B )1 K LRI 75 K A 38T A A AR i R A 283 A i, e IS K A 3 R K
HOARTEAE R BZ58 A4  BIHE EF (B8 1, M K 2538542 EF (B4 0.88—0.91, Al IER] S BUZEAE 7R 15K
W T 2 R AR TR, A — e > B S A o (BRI G ) B4 AR AT 7K ' o fige 1) 2ot
Ji BB K IR ZE A ) TR RO TR A5 R A58 R X R Tk S R AR A B T S e A

F2 BEEXIK YR EBRIEA

Table 2 Degradation effect of fungi on drugs in water

B R LBRZ) FBRACR Sk
Fungal species Target drug Result References
AR TR HR 15 min 584 6% [8]
KN B 8 d iU bR 2% 35%
T eSS 259 il i M 24 h NFEAE> 80% [16]
it P 1 e 72 h N 80%
ARV E 10 mg- L' B35 5] 80% KB [17]
Zg IR HEE Ty 10 mg- LB, 6 h 562K ER [18]
WM W E Jy 55 wg- LVAE, 5 h N B X
M 95%.
e Pt (i 7 d HFEIR 97% [19]
PR PR3 ;%dﬁf%ﬂﬁﬁ?&ﬁﬁ 10/ mg - L™ B JLF- 58 4> [19]
M RATE REPEF 7 d J5 8k 57% [19]
TR 7 d JEEBR 2%

X8 5 7 BLPN SEE B i 05 7K A B A ) v D5 B, 95 K v 3 2 KBS B HE EF (EE AR ) Ak PR
T WA, MR T 28300 5 8 v PR NS T S 56 % P b AT 9 3 20 d AR b 2 K ARAEL /N
IS PSR T ARIEISE R AR AND SFRIRSE T, R AR JFUK th 25 1% K EF fH°4 0.50+0.03, 1148
PTG BT A M A B K O ERAECR 0.42 SRR, EF EAEPIEZ [ bR 858 15 Gk ok B 24
TS YLIE. A, BT BF (B2 A ] LRI W 5 g My 1 2ot 15 K Ak BR ) 1) b BT AR AT W . 285 e 22—
FRIWWTSE R I 220 71 0 — Pl A A5 0975 G IR B3 B AFAIE TS ).

1.3 TR0 24 Bl ae ST ARG P

CDs AT BUMATERREE (AN R 40 ) rhil i RIS R], K, BT 8, VA T7 Re e PR 55 U5 1 W] g
P R BEPRME ) RO M PRV S i T 24 00 X WA ] ) 24 2850 2 P T A A G T 11 X531
293 1 AR PRI AR TR 25 WA BARTE R A3 A AT RN B AR b B 22 5
1.3.1 #EE

X Xof AR ST AR R REPE OB B S AR BRAEREME DT T, 40 S B GRPE 7T R SR A8t ) T2 R B SR 7T Y
9.4 517 AERLLLRE LT, BEl U Xt A R RE 2 B dE kA0, B RTAOIEDE &L B S A28 A S
iK% ( phthalazine , PHZ ) /&3 AY , 111 R FUZE A= 2 11 9f 25, R-FUYD ) B g ( Thalidomide ) 288 i 57 BT L
ARZPHIEA G52 DRSO e S A PR AT B — B8 R A A 7, A= 3R A5 B AT 31 0 0 A T
SEAL A e A X AR BT T M Ak D T B LR S B AN AT U S5 RN 9 S5 I R 4 Sy AT Y
S-en-J2 2 BT IR A S A AR ).

1.3.2 itk

SEAR R P A A LB X W S A A TR A 5 b — A R RS B 25K KA S B P KA 2 A 3
PEHCEATE B AT BAA, B R AU Z87% /R FI R BYPE IR 2= 55 100 A%, 88110, i1 T —LL 259 an A 9 25 F 2%
e A ] DA T T B W — oGS B AN AN TR A b 2 £ DA ST B AR ) e R PR O X e e R A A
FET X —Be ) NS 5 PR v Y T DR 2R 5 DR e 25 BN 42 2.

L4 FHELGYI 3 8 0 B Bkl 7 vk
TEIRE A2 R Kb B A REMEA T A O 4 A B R 2 FH R AR 5 [:HE( ER ( enantiomerratio ) ) KRR,
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EURZAE R L 0 BITCS5 , AME T UL, B LABAE S il F X B 1427320 (EF (enantiomerfraction ) ) 14
FAHEFFAE.

THEALIT .
_EH)
B v () W
pr=_ L) (2)

(E(1) +E(2))
L EH) FE (=) 735X (+) F( =) X WA (it A T AR 5 21 AN T A VR L 1 A e 2 7 s S A e
R — U AT A E (1) Flf e — BRI g AR E(2) 42 B2 30(2) T8 i EF (EA97E 0 5
1 2Z08), S5 0.5 B, SRR RSN TENR , S E R 1, 3R A 8 — X fAc =

FI ATk 259 8 73 B 20 A 05 1 220 1 - i R T A8 e 8000 B A B A&l 1 Bizs B4 v
3512 (CEC 1) 2T R A 5 R I B 1) R B0 vk T i S0 1A 35k (SFC ¥k ) IEAL T HRigUk i i
W, Z T AW CDs B3 BRI v | DU Sl AR 2 6 3R DR AT R L RO A b ) i PRy S5 R R 34
A B CDs 3 B G F) 2 Je R 34 2 AnAaT o/ N T 1 o G AR ROREAR , 5 O, I o 70 B Al 7 6 ) K i
T ] s AH BT | 52 36 2% 1 B DG A L R 3T Sl R A 1B 20 2 DR s T 24 1) 03 ARSI R ok i 1 O it
%[6].

AL (GC)

Gas chromatography

G5 BRI IK BAGHA GRS (HPLC)

Chrom;.itographlf: High performance liquid chromatography
separation enantiomel|

R aE (TLC)

8 - B F B R AL Thin layer chromatography

5 B EAR

Efficient separation and

analysis techniques for IR AR GRS (SFC)
chromatography-mass Supercritical fluid chromatography
spectrometry

B HIkI%(CEC)

Capillary electrophoresis

B (MS) Xt H At 5 &AL

Mass spectrometry identification and quantification

B @kl EoR

Fig.1 Chromatography-mass spectrometry technology diagram

2 7k Z1Z 4k (hydrodynamic cavitation)

H AT, B AR TV 2 AL 35 GRSy SE ) b, ani it B 52 b R KB 2 LA K R Bk iy
RS B I IIE B, AR KA A e i Rt SR 2 Ak 28 A SR 5 1 ) AH DG 2ot A 3 AE SR B
JE AT R A R B 1) U RN 28 YR T B K A 224 Ry e T e 8 e b 7 e 5 | B e e Sk 7 s A T
VR AASE T W4 - R RS R R AR K T A4k

KA T LB ANSE i ML LA T O IR R S LA A I 2 PR 2 5 Ak R IR I
S, e Bl R A3 I RGBT s A AR, Bl S, 72 T I Y & B0 s, b U sl R A e AR
MY K, BN AR E X SO ZL. H TAE SR R SRR 245, 76 S N TE i
Ui PREE (iR : 1000—10000K , 755 /5 : 100—5000 Bar) ). i1 F43 (b S0 il 1R 9 28 1 s i, R 20 A 3R 858
ARG T i SAMBERT L Pl 308 7 A kS SRR T A 2 BN 1) 5 Ak 8 R R AL A el AR X R v
S AN AT DA iR 5 5 3 R TP A HIL AR T LA T LA | A T 4 R, AT T S At (4 £k 2
Ji L SR e, K A LA T R B R ORI AR B S B TN, BN G AN A A
WG G A X SRR AR B S A A B 2 G, SIS A ML R T A 25 R0 th 3R TS 4L, et



51 WAL5 7K 123 (HC) 5 8 SR AR R B S TR 25 W ) W i Ji 1249

ARSI 2 R RS e

YRR RIK 33 A I 2 AR I, AR 3 ) 9 U AR AL AS AR R). il TAOY 4514 2 PR fig
3 BhPiA: 2 (BTSEPEAK 22 VU BR Z AN WA E 4 ) BOBIFSE FR Al o S 3 o o B2 CREE A 11 T 7 520
RS T i X (2 AT A 2R AR i Aol 353 2 1 LT SR 45 A0 ) S,k B e B X A S 3 e ol e ) 2 e
AR L, W 3 B, i R b i e AR ORISR B R8T U1 R 7R A A S o B, a3op 4
IR BRI I LR 0 B S, 22 ek DX A B B0 R A o 25 AR I B i ks A, B
S5 R B4 R AR DK I R G 5, 9 R A o B, TR 7™ A S e AR o AR S o 0 A S SR

R3ORHIAIFIGS BT 2 4 oy 22 %0

Table 3 Impact coefficient when using different jet methods

S L TR Bk E SCHik

Jet method IImpact index Maximum removal rate References
[Vt 3z A5 i vl it 1.11 [34]
SILEH T XS A ek 1.22 129 [34]
) =AM 0.84 [34]
Pa-~2s A S ek 0.52 [34]

P T JR R e Sk R R T T AR AR A A R SR A RO B, A e Won it KL
A K AL B FH I LRI 5 AT A F8 5 B SR AT A e B s A2 1 SRR
WAL, A P R AR S Y Bk B HC R BEARAS A A = i 5 SR it B 5 | AR AL T %, D4R
T HC HAR B R KA BE R SRR AT 55 HC bR T ARDIRERIAS 8 25 09 R G 9 K07 1 Ao A S5 4%
RZH B 5 AOPs BB I8 2590 S it b St B 3 22 0 B ) 3800 78 s 9 48 Ak T2
(AOPs) W1 234k (S AL IR a3 4k) AL E AL  Fenton 357 (Fe™ / H,0,) Fl Fenton 28 T. 2 HATE £
PRGN % T8 4 L BRA BTG Gy B T AF ROR KT 25 4k H BT A R SR AN A Ak 27 o 72 0 )
BT BT LA SR 2 B K b MERE A A B IR 25 (B 2B 3R S 2R G4 |, mT LS4 25 AL R i 5
FEREAE ARG 5

3 KWW EETREN EIT K P FMHZE YA X B (Removal of chiral drugs in water by
hydrodynamic cavitation combined with advanced oxidation )

ARSI A A VD B (LH) 1 A2 51 HC RAE G  ZE 259 AR T it
P2 (7 25 )0 BB 24 S A GIRT , PRL 5 305 2 A B 23 A1 T HC A B s A i ik 1 24 00 i ik
RGEHAR R HC 52 AR I ARES B R FR CDs MR (R A AT LU i Ak 2% N H AR T 49
ok A (i FOREASYE BELAE 153 o) |, AT PR L HA B A 25 B, Ak PRGOS AL B9 25 00 L 25 BRI
WY R GV, XA T K ) a3 A AE 2 BR 2575 T B A AE H.
3.1 ZE%A: (Naproxen , NAP)

S-Z5EE (S-NAP) & Fkhy S-2-H Jk-6- U BE-2- 28 1R, o2 2-05 BE-TN IR R AN AR S A R 25 ) — b,
HFRIRIF VIR BB e R SCTHT 48 ARG DG 48 W T8 R 3 LA SR A R A Y

ALt HC B2 i B B4, AT 4 bar,pH 3% JLRBR NAP 19 L BRHE N 28.9%, il
A H,0, FIR A A AR 5 £ BR R4S B R MR 4R TH 33X 2 i T WA 3h 71 25 A8 i<, 2R A= A A i
FERYH AR TR JF LT CDs Wy AT, nT LMECE BT 58 259 32 24 A8 TR i 55 <- 5
AR B FEEE AR e sl fd ] HC SOt ib iy HC 4T 2 JHAY 25 B AN SR AR & AH 2, 3 s n
H,0,#1 0y, A H3EAYIE s KRG, I H AT LABE AR CDs 1Y 25 BR. AR A 2 BRAICR AR I Ak
FRVEIN £ (AN [ i 2S ARE T (8 AN [ A e/ 22 031) PR PR PR 3R S 30 ke 1 2 B S0 A e U S 8 AR
B T AT e AR B 1 A (RO, T B 8 R AR TARREE ™ A Whoe R0 R
W (GAF) 68 C) EBRFL TR, ROATER SR T KZE SRS 0, IF B 2= ARy a2,
PRI RAAR T 7K a2 AR 83 S 7 25 Bk bR T Yo i, 25 A A SR AR R B TR I AR5 7 50 C 2474 X 2%
e 1 L BRBOR I 4 R,
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R4 RN SHIBRE T AX K284 i R

Table 4 Removal rate of Naproxen in water by Hydrodynamic Cavitation and its combined process

F 1 Method £ 553 Removal rate/ % SCHik References
fitfk HC 28.9 [1]
HC + H,0, 80 [1]
HC + 0, iE 100 [1]
ek HC 63 [2]
HC+UV 52.9 [3]
HC+H,0, 100 [3]

3.2 %ﬁ{ﬁ%( ibuprofen , IBP)

A ¥ 5 —Fh i WY HE B AR BT 25 ZUE W, ARz 3h)E, K2 15% 1Y 1BP 1E R R BV i RE 144k
BWBTT B T 269 E R AR ¥R 3640 16 25 A 439% 15 R 1 FHIAY T R R I A ¥ 252 18P 5 HAh Ak
ARG YNIR B AFAERS, AT RE 23 7 A= b e A= 25 88 BRAE . B AT T 284 BIF 5240 A 40 A 380 I i 45 5 ok
IBP #EAT 22 B  ELX 8877 k0l s B BB R, O HoAT Al BE 2™ A ks 4.

# 5 JpK N m A RHBG T 20K IBP (9 2 BRACR. AR I b s | AR A3 7T DL Sd 1o 40 7
LR 1YW BT AR TBP i 23 B 1B IBP FNZE AR S5 A AL, 36 3 A= W A 3L oA P 8 o) e S A Ak 25 i A
TS 3R BT A TR, T S B S 5 23 77 A 1) A W) W ik ™ 0 e 0 R mT R O ELAE —
EEA T IBP X RAAR I T — & MR, A HC 55 VAR PRSI ke | Ho= A= iy e A
PN E A, B s N AR, BT ATEXS IBP i 2 BRscia b mARR ] Tio, F1 ZnO 1E A AL 1O
HEALTE BR80T LUK R 100% , F9U5E T HC 5846/ UV ARG 1 20 B2 IS B A A Y 1 A ) &
HC YIRE T 2500 R RA W AT AE Zupane S50 UL D)5 S 25 4k & A A B K v £ BRK A1 v
oF ZREA: IS SF R PRI SF IR R B AT A Y RIE TR 23 Ak TR AN H, 0, X HC
ZERBCRE I 15 4518 HC R BB TR EE 25 AR Ta]  H, O, 51 &, JE B2 ) A ek s Ak &
Wy iR A~ e AR A B R P b A T, WP X S 56 ok 13, 50°C Y I BE AR e (IR, e (R s Al v
6] % 30 min, fefER) H,0, 58 K 3.4 g- 17

x5 KNS MBITA T LMK PRI 1 R

Table 5 Removal rate of ibuprofen in water by hydrodynamic cavitation and its combined process

75 % Method 2514 Condition F:FR% Removal rate/% SCHik References
FE Bl R W B 2 IO 4% Kaldnes K1 ZLH} 7422 [41]
MutagBioChip TM 1R} 8510 [41]
i 48+19 [41]
WS4 oM HE >60 [44]
HC+ H,0,+UV > 98 [46]
UV-LED/TiO, 100 [45]
UV-LED /fifk UV-LED/Zn0O 100 [45]
UV-LED/H,0, 38 [45]
UV-LED/PMS 55 [45]
UV-LED/PDS 74 [45]

3.3 HAth CDs

BT EaR KRB R BETEAY CDs 4, HC B HoAl AOPs BYBA T2 Wl F T 22 55 HAth Ay — 268 I,
CDs. ¥ 2 5tk iy 580 5 1 2 LT K i s 2 BR (99% ) & Fh 254, BT AOP & 0 ] T 41 ¥ 25 L U8
R ALVCsERE L Hiva3H WRHIEE AT HURAR R IR IS 255 A 45 K dE CDs 1 L BR.{H AOP
AT s, R IAE 7 A AT LA B AR KR (0 A 2 800k ™ 1. N, = SR BE RN = Sl A 1 s G 48 Ak ™= A
SRR ANE B AT TE R R R A RN BRI 28 A A 2 I R b AR G R P W A S A
H BR8P K.

i HC BRA T2 2Bkt CDs BHAFTERRS I, AN XIS BRENTE pH 4 T 248 & Mg K
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AR SR AR 3R v R AR R, T RE 237 A2 B Pl 75 Jo 0 A BLVE FHLH, O, I in A58 T - OH
7= AE T - OH CHG I T WG 25 B B A e At B AT B 58 48 Hh , HC/UV/Ti0,/H, O, I 20 A 3 B X B A~ 1
& (HC/Ti0,/H,0,H1 UV/TiO, ) HA BRSO , DRl Fs 40k 2.5

4 ZigKEE (Conclusion and prospect)
4.1 Z5ip

(1)HC 2Bk CDs B, BrAa il Bl 54657 - ORI AR A1, i08s H AR 25 W o 4k , (i 25 Wy if ki A% [
fRB] 1—3 pm Z ], 25 HC BHEARX CDs ZBRFRKUE , T B HE AR A 5 B H K HC %
I ENE, (B AREAURZ B, 40 UV BA H,0, el JFimasE s xt Hid H.

(2) R HC I BRI SZ A T 1R pH 520, PRHGE S e P00 A S BT 4 i B % AR ) 21
G TR AN A e A RN 5544, 40> HC 5 Tio, SEAEAIR R B, K AR 3 B TiO, 7 8 St 34 I imiy 384 hn . S8 1
T AR AAEIESE T Al RE2s i T 5 A TiO, Uk T BRI 2500 .

(3) HHMAFTEN R YA T2, HC AR R EE b 3G 5 T LA CDs 2 BRI 58 ik Bt T4
A LA T O £ AFAE T A=A P EVE AR, X BRI T RS A BYERUR - OHY
S K P IR HT B ME— R 2R

(4) A B i IEEBRF (IR EER) )5, MR A T2 LR B2 T, RFH L &Y CDs
Ko i A B 119 2 ML
42 JEH

(1) HATEPR E&AFE S0 25803 Fogh B TS G ) 50 BE R AN 3y, HL 259005 Qi T il e A
KKK 2 ke e 1 [ S0 [ N T 3 S W AE R T T CDs e ok AP SE M e AN EE AR, N 125 7% i) [ 48
55, B DRI 1 B AT TAE A v (4 4080, DAOKF (R 23 1] L FRAR = R ik — 20 R 5 CDs il Ak 1 O
OB — TR E AT 55, BAEAOR , W B v T PG AL DX Sk B R = b X 25005 B s e 1o

(2) % F CDs i & , 7EE AR 25 %) KBR b oE 1 AR 2 208 T FPERRIEXT CDs By BREE & 4 | J5BR
FARFNNARBEE B2 0. K 250N 15 K 2T Yot i = 2k IR, (I AR UE B 5 K b 1) #E %)
WA & 45 T VR F DL S —2E CDs B TF-PE R e 3T R AL AP HUAS A CDs (19 A28 58 13 A% sl a7 AR e
M.

(3) WFFEdR A A YR gt B b BE e CDs & kAR M O (B B CDs & A8 I e Y D R
AN BT 5T N 51 3 B N ELAR S e B 25 o TR T 2 R — T X WA R A e, T A M LER L X
AT 5 328 SR T TR 25 11 BUAE AR W R f A ) 5 TR PR T TR A A IR — 28 2% 1 L R MR
e, Hre AR A A B e ie.

(4) HHGXT CDs Xof PR R4 4 R 2t 3 AT A6 I D7 v+ 43 B, I L e 2200 D00 25 SR 1 e Al e A4l i Ak
PRAYATEERR B AR T R F W At 0 e R B A A B A 5 vk, AT RBAE CDs KBRS 2 10 T
RA.

(5) CDs XoJ Bl AAR i 2 oty e B8 15 G Uit B Ko B 0 1) 552 T o TE T 1. 258 5 208 IR 4 A
AT S e ZE AT 1 0 0 T 0 T EL AT A T S5, L3 SR FH ) R A T AR A B DX 73 o e TR ik
XA S A B AN R 12 3RS X JE AR CDs 19 = ZEMFFHRE 7 11).
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