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Analysis on influence factors of ibuprofen and roxithromycin removal
in vertical flow constructed wetlands

YANG Yueqin ZHONG Chenghua™"
(The College of Environment and Resources, Chongging Technology and Business University, Chongqing, 400067, China)

Abstract; Selecting typical antiphlogistic drugs ibuprofen and the antibiotic roxithromycin as
research objects, the study investigated the influence of the plants, hydraulic retention time and
influent pattern on the removal efficiency of ibuprofen and roxithromycin in vertical flow constructed
wetlands. The results showed that in the comparison between the Canna indica, Arundo donax var,
Umbellifera planted in wetlands and no plant controls, the Canna indica control had the highest
removal efficiency(69.74%) for ibuprofen, and the Arundo donax var control had the best removal
efficiency for roxithromycin(94.06% ). By setting up hydraulic retention time in the 0—4 d range,
the study found that increasing hydraulic retention time made ibuprofen more fully degraded by
biological in constructed wetlands, and its best hydraulic retention time was 4 d. However the
removal efficiency of the roxithromycin at HRT=4 d didn’t improve significantly, compared with the
removal efficiency of the roxithromycin at HRT=2 d(P>0.05). While the operating costs increased,

relatively appropriate hydraulic retention time was 2 d. The removal efficiency of the two
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pharmaceuticals were also influenced by the influent pattern, and the water quick feeding increased
the removal efficiency of ibuprofen and roxithromycin. Through the analysis of the variance, it was
found that when removing ibuprofen, the removal efficiency of the Canna indica was not significantly
higher than Arundo donax var and Umbellifera( P>0.05). When removing the roxithromycin, the
removal efficiency of the Arundo donax var was significantly higher than the Canna indica and
Umbellifera( P<0.05) ,and the Umbellifera and Canna indica controls had no significant difference
(P>0.05). Three controls constructed wetlands with plants had highter removal efficiency for
ibuprofen and roxithromycin than the controls without plants( P<0.01). And the experimental group
of roxithromyein plant types had obvious interaction with influent pattern.

Keywords ; constructed wetland, ibuprofen, roxithromycin, influent pattern, hydraulic retention

time.

WIS AR E T 25 NP2 H 5 ( pharmaceuticals and personal care products , fi] F
PPCPs) ,PPCPs £ & & R RERY AL BT, BIANTEA 3R MR LIRS DURUIR 25 L R 0] I 2y Rk
251 FREE A S PH R 2, 2 HOR AR R — AR e 2, AR AR B BB TR, I
o2 WO K IR A A 49120 Marta Carballa 251 75 P HEF — 15 KA BR ) k7K oG 0 21 45
WP LR BEAE 2.64—5.70 pg - L™ BRI P AHREH AL 14 THARANIERIAR, BAHE A
MIRTAY RN BT TE PR WA TLL R R PR R AR RCR FE NS BT | 3 ol Aok = 5 5l 55 45
iz R Yang 85 FEERVIK R MR R 4 A5 K AR BT R T 15 Rl Rk Hrh P ar
B R IWREAE 1540—2260 ng- L™ Z [A] A0 S5 A 2185 2 A8 K rh W v B B AIK, ARLAD 353k 47 7, XoF
KAEEREEATY T B I R BB, EL AT 00 A A A R AR e T, (A FRAT 5 A R A i A

HATALBEK o PPCPs # WL BT AT 10k 5 W Bk R 83555 fesp ikl RIS AL
B ERAME AR Y T AR TR T s N TR A BREOR 55 N TR AR H S PPCPs /7K B
AARGFRECR GRS N TR LBk 3 & FR 58 /K h A B A 223008 R4 ; Matamoros %55 (1)
W R N LR X PPCPs %) 5T 1 Ab BRAOCR 4 T35 K b BAL 42 122, Herb 2 B 3 A\ 0 8O B
Gt FN TR M T FERE fE /N, A4 ARG, EAT ARG 4 g T i 55t

AR SCGERBETH R Ao AP AE R B LU R NSRS, FH 8 8 n A0 A B\ T 00 b e R A oY
T K 345 BRI 1] (R 7K 7 206 B R BT Y 22 BRGCR A 52, DUBIR 1 538 19 B BR AR 1, B o SEBR
o N TR R BRI SRS 41 8 R 5%

1 MBS 75 ( Materials and methods)

1.1 SE86 )

B L1 R RIS AR E b A 65T Solarbio BHE AT BRZA w5 A o 72 FH 21 (9 H B L 20 0 £ i 4t
A A B A SRk LR WER BRI L £ DU R AN R 4y BT Al S FHAK A Milli-
Q 7K.

1.2 SLgkeE

ARSI R TR L TR 1Y e R G, ke i UL T 1, RO e R A IE
PVC BEMR AL, AR 250 mm , 5 B4 1000 mm , A 30 Rk 49 L ) 7 25 9 15 & P04~ BORe 1 ,ZIKM\A
2 DA SR U BB HURE 11 AT IR | BRURE TV RETEDRE— U 1 I 20, 32 | 97 1 JECRRIE H 3 ZEIORE 11 5 SRR iR, AL
28 8—10 mm, FUBHEFE 5 8 600 mm ;ia 17 200 “ $E7K-BOW -HEK-HEZS PRE” AR ) o T AT 3.
TEHE T 4 FPFEEE PO X A K R AP AR, CW T FPAE 38 N EE CW2 FIAFLAE T 24T, CW3 Rl <=5 55 Ak
B 4155 IR W4, Horp LT OR]

[atve =il i?ﬂ%ﬁ%ﬂ@lﬁ\]ﬁl\ﬂé@ﬂﬁ@ﬂﬂ'E{E{WK{ZEV/EE] IF45 5 5290 % 4 B I 45 1 i
il 75 A R AK TP R e B AR BT SV A T A R A e AR T T A T S K ITE AR T S 2K B K
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BN 1 s FEMAR 1 25 IIARSCSL IR I, UG ¥& 2% 0.1 g 3 T 10 mL (352l b 455 1 mg-mL™' 1Y
it AU, PR R AS VR 1 mL IMABC I EF 1 10 L A& 5K b (i e 2 AN TR 2R 58 10 245 40) o i vk
JEH 100 pg- L7 TEMCY LL3 R AYAHOCILIR I O 2 2L % 308 T ik sl b AP IR IA) B AR SR 2
BRI P 25 ) A BRI ST, SO S e i AN TR A PR 265
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Fig.1 The simulation device of vertical flow constructed wetland

F1 KB HAKKE

Table 1 Water quality of test water

KT AR T A HBA JEx(s
Water quality index COD NH;-N TP
%5 Content/ (mg-L™") 106 18.3 2.5
FrfnZ4 i Chemicals MW (CeH,04) AL (NH,CL) Wik — &4 (KH,PO,)
#2455 Dosage/mg 100 65 11

1.4 SETJT

1.4.1 S A%

e N R TR R A AR IR V5 KRS 95 1 AN A 2 5 T BRI AR I V5 K i 15 55 e e
BT 1A S b s O T R TR R KRB SR AE 5—10 H TR, T K& I #i 2 KUPE IR 0 <
fi SR B AR K, B 3L MY Ok (AN B B, B R E 2R ) T A F) 120—
130 d Z2 47, EZ R EAE 28 °C —40 °C, PHOGTE L. PR AR S 06 256 B 25 P, 30 5 3 ok 2 1 25 0 92 1l 7
30 C + 1 °C, LR BIRE HUE , b A BT A REREEM S K, f)n KRR BOE (.

(1) KL AR S50, N T IR A 7K 45 B B ) 3 Bk 4, 1Kk O =X R s 1t 7K, 43 1))
CW1.CW2 .CW3 .CW4 18 HERY T, 5 A BB R %o A3 96 55 RN 20 41 85 2R A 2 BRASUR B f-

(2)WEAKSEREEY 1 d.2 d f14 d,#0K 05 2 P K, 4301 E CW1,CW2 ,CW3 .CW4
(8 EL BRI 5, SO 7K 3 5 B ESF 10 X A3 365 25 0 20 21 8 2R 1) 25 DRk (4 52 .

(3) S e 22 K 5 0%k A T3l 25 B A 3 25 AN 2 41 5 2 2 Bl SR (R R i s SR P o 7K - 2 10 -
IK-HEZS RS HEK 15 min, HEZS IRNE 4 b, ROV EII#R R 4 d, By 388 W3 2.5 B E CWT
CW2 ,CW3 CW4 [ BRECR , WL E 7K 5% A3 3 S5 AN 2 218 R L BRASCR 1 5.

F2 KT RRE

Table 2  Influent program setting

SRR H%E 1 Project 1 FZE 2 Project 2

Z 54 N . - <7 hEL > -

Parameter settin; P EK (5000 min- min™') LM K (13 mLemin™")
en seting Instantaneous influent Slowly influent

7K B8] Inflow duration 2 min 12.82 h

HE/K 5[] Drainage time 15 min 15 min

HEZS N Drain lay aside 4h 4 h

S JE ] Reaction period 4d 4d




12 Mo A 545 - T FLIN TR 5B A % S5 A0 % 2185 3R (0 52 0 [ 2K 0B 2783

1.4.2 REITE

T T MR B S M K T SRR KRR B /K BEREAE 250 mLL SRAE A RS SLHIINA 0.5 ¢ 2 Y
LR AN A KRR 0 & B 1 I S s v O AR B R 8 59 pH (E % 3.5—4. 485 1 0.45 pum
(17K R BB RS B IK A
1.4.3 Kl Jrik

S B SR D 91 R L - 2 SO €5, A2 ( SPE-HPLC ) X H F5 245 1 R A7 K600 46 30 17 S %o 7K A AT
I A A B A 1 25 . 1 Je ) 10 L FEEAD 10 mL H4K 1L C18 ZEBUNME , HR M3 mL-min~'; 2R J5
#4250 mL (ZKFELL 10 mL - min™" (4 38 3 38 3o A BUHE s FH 10 mL (4948 405 K X 26 BORE S 47 30k 0k, %0
3 mL+min"" R AR F 30 min, AR5 E ; A 8 mL Eﬁ@?(ﬁ'ﬁﬂfﬁf%, q&%(ﬁ'ﬁﬂ%(&, RN
I mLemin™" ; RS T2 2.5 mL; O CRAFFE-18 C T, fF. P45 K. |1/ H 10 mL 25
10 mLE 4l /K AL C18 ZEBU/ME R K 3 mL-min™" ; SR 548 250 mL AY7KAELL 10 mL - min™" (1) 7 F i 4
ZEHHE  FH 10 mL (98 4l K 6 2L BORE A TRV, | 3% 3 mL - min™' 5 SR )5 AR FIAEF 30 min, k4
IKATEREE s 8 mL S BRI WA VR, B30 1 mL-min™" 5 FISS AR T 2 2.5 mL; BOGIRAF
1E-18 CF, A,

ATV SF RN B A4 £ 0.03 mol - L' A LR B TR: £ = 30:70 (B2 M pH=3.5) , 1 4263 nm;
B LR R AN :0.03 mol - L' Y LR BV W: £ = 40:60 (IR IH pH=6.5) , {1 210 nm.

H T R GUR 22 2 HARY) R B ARG RS, T AT XS I 3 A9 P S 0 24 7 [ A0 3 (4 4G 565 Tl i
FSLIGF R DL AL RERAE DU B 45 2R 7R A 9 25 B IAR RIS e 7E 88%—104% Z 1], B 2175 2 (1 fin
B TSGR TE 76%—92% 22 8], HAKSE 5 L3 3.

R 3 KPAIRISIIE 2185 R G AR N R

Table 3 Spiking recoveries for Ibuprofen and Roxithromycin in water

T e

e pE 0 v
L&Y R . After extraction . W . [l
Concentration/ . Determined concentration/
Compounds o concentration/ . Recovery/ %
(pg-L7) -1 (mg-L7")
(mg-L7")
ik 7% 50 5 4.4 £0.25 88 +5
Tbuprofen 100 10 10.4 + 0.3 104 £ 3
200 20 18.4 + 1.3 92 + 6.5
BUGR 50 5 3.8 0.35 76 + 7
Roxithromycin 100 10 92+ 04 92 +4
200 20 17.8 + 1.1 89 + 5.5

2 ZER511E (Results and discussion)

2.0 WA RS TR E AR

M HPLC 0P LA SELKCRE 25290 0T, ARI5 40 F A ¥ 250019 2076 25 OB &,
T L U4 4 LK R 2 e R R 3 UCROF 40, 45 2R P TR S T, RO 5841
BIBRR M 4 R,

R4 AFEREY) ARSI 215 3 10 L BRaeR

Table 4 Removal efficiency of Ibuprofen and Roxithromycin at different plant species

A4 Compounds CW1 CW2 CW3 CW4
Hi ¥ 25 Tbuprofen 69.74% 66.68% 65.44% 46.80%
B 41 % Roxithromycin 90.54% 94.06% 88.53% 80.28%

RN 4 AN TR A 3% 25 (8 R ERACRUKUCR: : SE NS AEM P AT > me > Toka ), 3 A
Py 6 NAER A I IR 10 R RACR B, HL 3 4UA R N TR e T ICAE Y 41 CW4, Zhang 55 7E
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ST EE R IR AT & SR A AR A TCAE ) N TR0 b 9 5 BR 23R53000 R 79.7% 1 59.8% , Uk B AR )% A1
85 I ISR kA VR

4 HN TR L5 R 1) BRSO U AL P T > 26 KL ><Fo>TohEW), 3 dHAR Y rhAE i
X B 4 R 2R B R BRSO B -, 3 A Y N T8 8 2 5 T EAE Y 40 CW4, 7 Hijosa-Valsero Lz [9]
RIS 25 3R s A BIAFAE A F TR IN N RIS 5B, AN21 5 3R RAEA MAFAE 0 3 MK P18 i A4 RE
2.2 IR A5 B I TR AR ¥ S5 AN 2 L1 % 3R X BRBCR IR

XF 4 20 N TR R B 25 AT I E SRR TR 5 ISR Y- 24 B BRASC  1E HRT=1 d HRT=
2 dF HRT=4 d By o5 FIS 208 2R 10 R BRECR N 5 Fis.

RS KI5 B IR A 9 S5 02 2155 A L BRACR
Table 5 Removal efficiency of Ibuprofen and Roxithromycin at different hydraulic retention time

JK 345 B s i)

Hydraulic retention time ewl cw2 Cws cwa
1d 55.45% 43.35% 46.36% 40.28%
A7 #%35 Thuprofen 2d 62.43% 59.76% 57.16% 44.55%
4d 69.50% 66.68% 65.44% 46.80%
1d 84.12% 84.32% 82.73% 77.66%
B 212 2% Roxithromycin 2d 89.20% 91.13% 88.46% 79.81%
4d 90.54% 94.06% 88.53% 80.28%

ZEA VL SR AT LI 76 CW1 1 )HRT=2 d 5 HRT=1 d BAH A I8 25 B 2 BRRCR IR T
6.98% ,HRT=4 d 5 HRT=2 d M L& & 7.07% , A & 76 CW2 .CW3 1 4558 5 CW1 #i1L), HRT =
2 A HRT=1 d B ERCRA 5125  HRT=4 d 1t HRT=2 d A B F & 78 CW4 | BARBEE K
F145 B4 B 1] A 38 i 25 BR s R AT B s, (FLJC fk 2% 22 53 . PPCPs 7 1 M 7 19 25 BR AL B 5 B4 57K fift 36 5
W B AR SRR AR IR RS | Z R — BRSNS UE B A 1 S5 AR A RS R A s A
WA 2 bR B R AV BT o LS KK 452 R BRI AE 0—4 d Y FRl AL B, 87K g 45 B8 s ) T
DA A 8% 25 B0 78 4 BN T 1 v 2B W A A, DT 2 1 IR A 0%, T 4 d R A I 5 I s A K 45
Fi ).

G55 LA R ARG SO BAE v LA T B 41 55 2 A T W B AR A ORI A W A R AR TR
W — R ERSRE BRI E 2N\ A4 HRT=2 d B 25 a%A ird @ /B HRT=2 d fil HRT=4 d
() RBRCRIF T B 2255 (P>0.05) , Uh B 21 %5 2P0 K 9t 25 PR b KR 43, K /K 7 5% B3 st ) i
J 4 d RKIGIN T 847 A BOK 14 BBt E7E 0—4 d JEREINE,2 d A2 %0 2085 F ARG A 3 1K 45
B B 4T R R B T RN ER2R 20 2Bl A o 2 B AR TR b X K 2R P S 2K 259 ) 2=
BRACRIE 66%—93% Z[8] , AN[FIFG YN T30 13 BEAE AR A im0 800 25 BRI N BRI KA N R 2 1)~ BE-7K 43
Be AR5 (1K, ) Bem , WA T K LB KRR B 25 52 R 7™ A A 8 B 4 4 8 R 2B I g A T
WA YR HABFIE & 48 SR NE A HLIS Ye b £ B o il BIAR 35 5, il ik ARR O RE 1 55 Y M iy
lgK, 4K 1K, B RALE W25 5 ek i R 22 i o o, RN TR R LB PiAE R,
TR 53 2 3% 2 300 3 A O R e S LAt A AR 4 22 R 1), R i s R T ) W o A0 TR A )V FH e /1. IR
ARSI LSRR E B LR R B R RECRE S, X CW4 5 A 3 21 w] 0 SEDRHTR B AN SR 4 e e
fip N He A A AR A 46 R 0 B A .

L5 TR KI5 B B TR [R] PPCPs 1 KBRS A R] , HAS S MR 4y, BB & 0 45 A
MR RS H .

2.3 B AR ISR 41 R 2 R UR A

AR K T Gtk B HPLC A S, 15 2K BErp A 18 S5 B LU B R MR B, 158 5 IR S8

3 LR, BARSE AL NER 6 Bk,
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Table 6 Removal efficiency of ibuprofen and roxithromycin at different influent patterns

7K H R Influent patterns CW1 Ccw2 CW3 CW4
A% 25 Tbuprofen ED! 69.50% 66.68% 65.44% 46.80%
EY 60.02% 58.37% 57.68% 38.22%
% 415K Roxithromycin ED! 90.54% 94.06% 88.53% 80.28%
EY 86.93% 84.08% 85.62% 76.80%

i LA B SR A R AT AR DO g K (9 i K O 58 5 BRACR B4 A AT BER AR =, — 2 AT
P R AU IR ORI 38 PR 15 A0 R BRACR i 2 I RT3 B v N TR PR A 8 S
RN AR RN R A TR DTSR 1 BERVER R SEBRIE K R B SR ET 0.4 m,
IR BN T B R, DR HE I AT LA 22 i 2 = r 9 400 AT TR T R v i A S
Z AR TR IR 25 s R T O5 58 1 JEKIN )AL, HeO7 58 2 A SEZ R RLLE AR B3 23 B
HITE 1 AT LI B R A ) A5 W BR300 T R JBOWS A 948 23 1 9 21 % 3R TR
2.4 ARG

(1) 230 1 A T 00 2R PE A0 R, DA B N R0l rp A )0 A1 3% 05 A 13 3R LR R Y
SN X 4 AHEEIEAT P H A, BAREE SR INER 7 B,

RT AT ND LR AR VU TR v 25 BRALCR A PTG LA

Table 7 Pairwise comparison of Ibuprofen and Roxithromycin removal efficiency in four constructed wetlands

EY THIFIZE(A) Xt A (B) YH2% (A-B) FrifEiR 2 M
Compounds Plant species( A) Comparison plants(B) Mean difference( A-B) Standard error Sig.

Aii #% 75 Tbuprofen EIN TP AR 2.8220000 2.2387731 0.226
A 4.0640000 2.2387731 0.088

JeHY 22.7040000 2.2387731 0.000 **
e A RNE -2.8220000 2.2387731 0.226
A 1.2420000 2.2387731 0.587

T 19.8820000 2.2387731 0.000 **
B BN -4.0640000 2.2387731 0.088
AL yEKi) -1.2420000 2.2387731 0.587

ML) 18.6400000 2.2387731 0.000 **

TeHiY BN —22.7040000 2.2387731 0.000 **

AL yEK) -19.8820000 2.2387731 0.000 **

A - 18.6400000 2.2387731 0.000 **

POEE EIN FERT AT -3.5160000 0.9640488 0.002 **
Roxithromycin A 2.0120000 0.9640488 0.053

T 10.2600000 0.9640488 0.000 **

TEm AT EIN 3.5160000 0.9640488 0.002 **

A 5.5280000 0.9640488 0.000 **

T 13.7760000 0.9640488 0.000 **
K ENHE -2.0120000 0.9640488 0.053

AE AT -5.5280000 0.9640488 0.000 **

T 8.2480000 0.9640488 0.000 **

-7} PN -10.2600000 0.9640488 0.000 **

et Ay -13.7760000 0.9640488 0.000 **

A ~8.2480000 0.9640488 0.000 **

W FRREREE (P <0.05), " FREFWEE (P <0.01), FFH.

s

Note: * mean significant difference (P<0.05), “* mean extreme significant difference (P<0.01), the same as below.

MK T HE G TE KBRS, RN LBRBCRIFBOA B2 L T AL P AT AR 41 (P>0.05) , 5
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3 A R A BRI B3 I T IO ZH (P<0.01) 16 £ R L1585 Z 0 AL S A7 i 5 B OR B 3%
T RNEAA NP (P<0.05) , A 53 NAEHEA B EZES (P>0.05) ,3 4 A HEYALH L BRRCE
IR B4 FICH Y4 (P<0.01).

(2) F VA P AR S FRRNK T 45 B3 sk B) 22 B) A 5 TR ), 6 3 2176 AL B N T3 b 118 A DG 5K
BRI T AT, 26 8 SRR AR 7155 B3 i 1) 06 25 BRI 0 38 H 5 0 434

R 8 HWIIIIRIK I 45 B I [R] A UN 3R T7 22 20 B

Table 8 Two-way analysis of plant species and hydraulic retention time

LEw I ZRR S5 A ¥y P N
Compounds Source Sum of squares df Mean square Sig.
i 1% 2% Thuprofen FEYIFI2E Plant species 321.990 2 160.995 11.283 0.000 **
JK F145: B4 5t ] Hydraulic retention time 2798.128 2 1399.064 98.050 0.000 **
) s g e
ﬁiﬁ ;:)ezjjeij{jrljjrlihc retention time 120.253 4 30.063 2.107 0-100
R2% Error 513.679 36 14.269
&3t Total 156972.398 45
FEIE M 3T Corrected total 3754.050 44
BLUHR FEFH2E Plant species 80.637 2 40.319 7.513 0.002 **
Roxithromycin 7K 7118 B 15} [B] Hydraulic retention time 450.887 2 225.443 42.011 0.000 **
21 B o)
1l;El:th S?eii?ftzfjjjihc retention time 24.260 4 6.065 1130 0.358
2% Error 193.185 36 5.366
Bt Total 350181.780 45
FEIE M 3T Corrected total 748.969 44

H128 8 TR, AV TF F iy = 11.283<F gy panig = 98.050 , BB 7K Iy 452 B I [] 2 38007, X A5 38 55 1Y
R MBI AW SR 5K T 45 B I 18] Z (B A AFAESE HAEHI (P>0.05) s B LLEGE R Figypen = 7.513<
F iy =42.011 , SHEYIIEHIAR L, 7K 345 B2 I ]2 SR AR08, 0 2 2175 38 1 23 BRI AR A ) 2 Y
557K 345 BRI ] Z RN AEAE S HAE T (P>0.05) .

(3) [RIAREST 3 Aol A Tt vk 49 28 TR RLE K T 2 A8 AH DG SE BRI AT U R 43 #r , 36 9 SR AE M Fh
FHE AR 7 205 23 BRACR 19 238 5 5 0 43 #T.

R YRR RN 2 T 22 907

Table 9 Two-way analysis of plant species and Influent patterns

L&Y UE-Z3 EJrR A ¥y " M
Compounds Source Sum of squares df Mean square Sig.
Hi i35 Ibuprofen FHHFPIE Plant species 53.941 2 26.971 2.383 0.114
7k 753X Influent patterns 544.343 1 544.343 48.100 0.000 **
iﬁlﬂ*jpz?eijliﬂﬁuit patterns 3.879 2 1.939 0-171 0844
2% Error 271.607 24 11.317
&3t Total 119758.623 30
1% 1E Y 531 Corrected total 873.770 29
BOEE HEHFIZE Plant species 22.795 2 11.398 3.621 0.042"
Roxithromycin 7K 775X Influent patterns 226.325 1 226.325 71.908 0.000 **
ﬁﬁiﬁﬁiﬁ leit patterns 75.839 2 37.919 12.048 0.000 **
%22 Error 75.539 24 3.147
ST Total 234278.943 30

#EIE A 3T Corrected total 400.498 29
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H2% 9 FIHI, A5 F oy = 2.383<F g0 =48.100 , A T3 H HtE sk 7 30 Je: S350, X A 98 25 Y 25
BRAEFEm AR, AR 53K 7 KR BEAE A B 2E (P>0.05) ; B 28 R Fuypx = 3.612<F 54 =
71.908 , A\ TR it 7K O 2O 00, X 27 2135 3 10 L BRI E K, A ) 2 BRI R Tk 07 ke i,
X8 AR RSO ES N BB T EMTZBAAE L BAER], H 25 7 W3 (P<0.01) , K AE Y 25 A
SRR B LR AR — R E.

3 2512 ( Conclusion)

ARSI VEPEAE TR T3 L H B AT R 25403 IS M A R D 208 KO0 BRI, Bt IH 45 il
e F I N TR ke | T [ AH A - i RO i A v BIF SRR ) 1K O =X oK 0 45 B B ] B R 3R
X EH B BT L BRSO A2, I XA IE AT e 122 . EEAR L DL R 4598

(1) ZENR b AP AR H DA R AP 28 N AE ST B s 3 FiE A, 4 20N T30 b v As 4 X6) A 38
ISR LRI S . 58 N B S AL P AT > < B> ToRE Y, 95 N B A5 965 2% B9 2 BRSUR e b, T 3k |
69.50% ; 7£ 4 20N TI0 M vt B 2185 2 0 L BRACRAR U AL 247 > 296 NFE > B> TAR Y , AL nt 17
X5 21 85 R R BRSO BT, AT IR E] 94.06% ; B AT TEA ALY 4 A N T80 b Y 25 BR AR AR EE & T 75 Jo Al
YY) L BRACR X Ul B A 0 O A7 T LA 7o A % 25 80 20 5 28 A IR A 5%

(2) TR TXRHL T PPCPs (4 L BRARZ 7K 745 B B ] AR5 ), 7K D745 B B ) 3 B 7E 0—4 d i
FEL P ESE, 388 017K 745 B4 B 18R] LA fo8 77 % 25 55000 78 0 1) e N 0 e A S e e, DT 42 g I fie % T
LLEFE PRI O et BRI R, 75 HRT=4 d A 2R 2R A% T HRT=2 d I IFH B 5w
(P>0.05) . it B 7K 7 45 B4 B[] - AS Kbl 4y, S s T8 v i3 e AR /K ) 45% B9 s ) 38 2 45 5 PPCPs (1)
F2s DA B A IR 55 45 IR R A T 2% T

(3) i RATE TP LI T Z |, POE K 7% (5000 mL-min™" ) #B 218 #E/K 775 (13 mL-min™") Y
FBRACR BT AE P K RV T 1T DA 2 i 25 P 1 4800 AT BTN TRy 22 v (i v
Wi 2 A R T RUE Y o i BAA 2 09 RILE B ARY B850 SO, o] LA B R B 1) i A I BRR IR 2
I T TGS A U S5 RN 215 2L

(4) WP IBAEIEAT I 22 W vl 0, 78 LB A I R, 58 AR BRI A W& I TAE M 2 A i
DR (P>0.05) 7 RBR P LR R AL AT R BRAICR BB T 2 N A R4 (P<0.05) A HE
5ENEHEA BEZEF (P>0.05) ;3 DAY 09N TI8 O A0 3% 252 208 R L BRAUR 5 0 B4y
FIAEMIAL(P<0.01) 7EXUR B oMY v, HAT 2 24055 25 S0 00 AU AR M 2 R0 55 0 /K ok 2R 52 1A P i 3

FEAMIFGE B SRS [RIAR ) N T bt 2 B 7K i A7 % S5 RN 29 2185 3R 152 e XL 32480 1 90 20 i, 1HLER
TS S AR 18] A4 B, A5 — S ) UG Bk SRR R A 5E 3, X T e Aoh DU SRR

(1) S2I VAT WHAE P P SR I RE TS 25 %) PPCPs 1 ELAK £ 4 LI AT 098, S T i it — A
BEXT MDA TER R, L N TR b 2B A 95 S5 R 25 21 85 2R A AL B o 5L A 85 b 5

(2) Tk — 2D 58 A0 98 J5 RN 2185 28 0F AR N s 1) 2 1) DL K a3 A, TN B T AR A 2 R
PPCPs [FJHLH.
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