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Effect of Wastewater Nitrogen Concentrations on Nitrogen Removal Ability of
Myriophyllum aquaticum

MA Yong-fei', YANG Xiao-zhen', ZHAO Xiao-hu', HU Cheng-xiao'”*, TAN Qi-ling', SUN Xue-cheng', WU
Jin-shui’

(1. College of Resource and Environmental Science, Huazhong Agricultural University, Wuhan 430070, China; 2. Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410000, China; 3. Hubei Provincial Engineering Laboratory for
New-type Fertilizer, Wuhan 430070, China)

Abstract: Myriophyllum aquaticum, which is an important plant for constructed wetlands, has powerful purification ability for
wastewater, however, the relationship between nitrogen removal ability of Myriophyllum aquaticum and wastewater nitrogen
concentrations is still unclear. In this study, pot culture experiment was conducted to investigate the effect of wastewater nitrogen levels
on nitrogen removal ability of Myriophyllum aquaticum. 7 nitrogen levels were set up as following: 2, 5, 10, 20, 100, 200, 400
mg+L™". The results showed that when the wastewater nitrogen concentration was not higher than 20 mg-L~" | Myriophyllum aquaticum
with 20 mg-L ™" of nitrogen concentration grew best in the first 3 weeks; the removal rates of total and ammonia nitrogen were nearly
100% after one week, while the nitrate nitrogen concentrations were very low and varied little; the nitrogen contents of Myriophyllum
aquaticum had no significant change, the upper part nitrogen content was higher than the underneath, Myriophyllum aquaticum could
also remove nitrogen from the sediment. When wastewater nitrogen concentrations were 100-400 mg-L~" | Myriophyllum aquaticum with
200 mg-L"" of nitrogen concentration grew best from 4th to 5th week; the removal rates of total nitrogen were 76.5% , 71.5% and
48.1% in the three treatments, and the removal rates of ammonia nitrogen were 99. 6% , 99.3% and 60.2% respectively, while the
removal rates of nitrate nitrogen were all about 50% and there was no significant difference among treatments; the nitrogen contents of
Myriophyllum aquaticum increased with nitrogen levels, but the difference between upper part and underneath was not remarkable,
showing uniform distribution; nitrogen accumulations by Myriophyllum aquaticum and sediment accounted for 27. 9% -48.4% and
12.2% -24. 4% of total nitrogen loss in wastewater. Therefore, the nitrogen removal ability of Myriophyllum aquaticum should be
inhibited by higher wastewater nitrogen level, the ammonia nitrogen removal rate was significantly higher than nitrate, the mechanism of
Myriophyllum aquaticum nitrogen accumulation and distribution should also be affected by wastewater nitrogen level, and further
research is needed.
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Table 1  Physical and chemical characteristics of wastewater and sediment

=R I e A A N = =R ; A EL S R =) SRR S P
" R ARG AR BN A k-]
P /mg-L’l /mg-L ! /mg-L ! /mg-L’] /mg-L’1 8re
7.33 28.57 25.87 0.61 1.59 9.10 3.61

1.2 b

IR 2K R 40 em, A 1 ELA2 4 35 em (1) PVC
i, BEA SRR K AR BUR 151, JRRE &R 5 ke,
JEEEZ) N 5 em. (REMK AL, T 2E K 3047 0k
o R AL BE ] NH,NO, #h7E; FH KH, PO, J5
S —8, M 1.59 mg-L7'. 4% 7 A EEUKFEAb
. 2.5,10,20, 100, 200 F1400 mg-L~". ¥EIK
i K YA — 8 B A B, K/ N—S #
SR BEBTEL(20 £ 1) em K AYZE A0 B AR AR
Pt i (100 £2) g, B MO PERE 4 K. K& H
ali KA 7R K K DUBIE AR BUE . 3568 A 2015
12 H 1 HE 2016 4F 1 H 5 H, a1 G H N
-4 ~14°C PR 5C.
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Fig. 1 Effect of different wastewater nitrogen concentrations on the

biomass of Myriophyllum aquaticum
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R 400 mg- L~ WIAT IIr FRE. Byap N s A it
IR 3 (F22) 78 14 d DA, DR AR 2 ~ 20
mg- L' V5 KB 14 ~ 21 d, kb Fa]H SR A0 R 3 A
PrEIER ARBA WA ; 21 ~35 d IR RS
R 100 ~400 mg-L ™" V5 /K5 &, 20 AR Rk
V5KEY 1.5 ~2 /%, H LA 200 mg-L ™" fe . i
BT 3 AR AR EE AN = T 20 mg- L' RO 0k B

15K AN e A K e g, 4 ~ 5 8 ) DA v Rk B
200 mg- L~ A5 K AR Bt IR R0 B A B K 56
P81, U8 7T e AE 0 AR Ry 20 B A KR )
KIS R, S R Ve R B ik Az 29 5 k56 4)
v Rl R Ak B ) A R IR B A K B S R
JEREA, AR e, A 30 vy R0k B V5 /K 1] R 22
EEEATIER

®2 ARAREFKSHRIMERENRLICERNIM/ g-d !

Table 2 Effect of different wastewater nitrogen concentrations on the biomass accumulation rates of Myriophyllum aquaticum/g-d ="

KE/d

AW/ mg- L~

2 5 10 20 100 200 400
0~7 8.0 10.9 11.6 11.6 8.8 11.4 5.8
7~14 2.9 3.3 2.1 3.0 2.0 0.6 0.7
14 ~21 2.3 1.2 1.7 1.1 1.3 3.7 0.8
21 ~28 0.8 0.4 3.1 3.3 4.5 5.1 4.5
28 ~35 0.5 1.2 0.9 1.4 3.9 2.4 2.0

2.2 KR AR B A SRR 2R e oy e 5 7 K R
TP

KA ST . AR, K B384y . K R34
FEMR A B bl S K AU T B R (% 3) ,H
I 2R i Ak B ] AR TG W 35 25 5, ROk T v E)
100 mg- L ™" 05 1tk 2 14 I Bl 00k B T v Ak e 34
. A SRR S A S o =2 L PR v B T o i
Ak FEAR AR B 5 K T, K A A i (R
) H2.88% ~3.11% , “F¥H 2.97% , /K T 4r
RETEN2.39% ~2.79% , F34 2. 62% , AR A
O 1.45% ~2.18% . EH R 1.75% , T A & i
3.67% ~4.81% . “F¥ K 4.26% 7K L3453/ /K T
a3 /ARSI 1013 2,43, FERAMREE 100 ~

400 mg-L- "5 K H, K B RSB 4.75% ~
6.51% . V-345.68% , K T AT 5N 5.31% ~
6.27% . F ¥ K 5.19% , MW &N 7.92% -~
9.31% , ‘¥4 8.80% , WA Z & 7.14% ~11.26% .
9. 52% K BB A/ K T4 AT/ AR 43 ) R
1.09, 1.08. HULUEH , 7E R A M B 157K b, B 4
REANAGTERNAREZAR, B L& T
I g, BV RE 5K 7Kk A T WA 9 AU 2 BIOK 1
O3 FER RV K Ry S AR PN R P e B
MR BT R AL 22 S | BREER R, LY
SIO3A K TR e AR B R I R A AR R TG e
R = AR, RS IR A&, TR SR 3
RAEAT N0 BE 0 B

®3 FAEGAREFKIHEMEZTRDBEIASEMNT M

Table 3  Effect of different wastewater nitrogen concentrations on the nitrogen contents of different Myriophyllum aquaticum parts

AREA AT E(T) /%

o
BRI g1 KL KR e T i
2. 88¢c 2.54d 2.80d 3.67c¢ 1.45b

2.91c 2.39d 2.72d 4.73¢ 1.87b

10 3. 11¢ 2.76d 3.07d 3.83¢ 1.49b

20 2.99¢ 2.79d 2.88d 4.81c 2.18b

100 4.75b 3.99¢ 4. 10¢ 7.14b 7.92a

200 5.79a 5.31b 5. 66h 10. 16a 9. 16a

400 6.51a 6.27a 6. 40a 11.26a 9.31a

1) P <0. 05, REIFEFRA R E Mk AT T A & RESF B

W T e AR SR LA T R A B
FRE T 7K R B A T v T (& 2) R R
AhHRIEA T 22 5, AR R E R 0.34 ~0.51 ¢,
RILEHE N 0.53 ~0.68 mg-(g-d) s EARUE
AHERN0.67~0.93 g, FHEHEZEK K 0.96 ~1.59

mg- (g-d) ' AR A A IR A R i
FEAA ) o R AR 2R 3 30 (i =8 oy R G B Ak
Py N RS e AR 2R a2 R T4 o U R R B A
W TR A AN, 2 100 mg-L~", 200 mg-L ™" ¥3k
F K5 200 mg- L' F1400 mg- L~ 8] JC i 3



1096 AN 5%

Bt 2% 38 &

25t TSR AAIEH 20 mg-L ™' %] 100 mg-L™", 200
mg- L™ By R AU B A T B i A

1.2
1.0 |- a a
— Y
1
e 0.8
B b
B
B g6l
[
0.4 (d
4 d
0.2 | | 1 | |
0 100 200 300 400
e g /mg L

TR A BRI N, PR & R AL BE ) 2%
FETT, RELALHLR A A 5L

1.8
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1 |
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Fig. 2 Variations in nitrogen accumulation and nitrogen accumulation rates of per unit Myriophyllum aquaticum

dry matter with different wastewater nitrogen concentrations

2.3 MR LR A ST KA B E R
2.3.1 MR E LR ER S5 KERER LR
AN TR R 15 7K S R T A g 2 i Ak SR
[ MR WA (R 4) . MERINE s A # 7 d, %
RUPETGK DA R BRFRIRF] 75.0% ~92.5% | F
10 86. 8% , AW TG K DA LRFHA 14.2%
~32.7% . V35 25. 1% ; 35d W], % &0k J& b 7
HMAMN EBERIL 79.5% ~96.1% ., F ¥ N
90. 8% , i AW AL P B R EFRERN 48. 1% ~
76.5% . VYR 65. 4% . LR B XA [R] A vk
BET5 K R R BRI A R (£ S). LA

WRETG K B I FEAE 0 ~ 7 d FF B L B R
o FLRE R B TS i g 7 d e, R BRE0OR L
R T R TS K, B SRR X R R B
RIEO ~T7 d Fl 14 ~21 d HIEREAS g0 H 2 BE A
VR B T R A R (RS A R 3 A B Y
B o R K R N 2.49, 7.28 F 14.80
mg- (Led) ™', BBERRE - EgEn 2 52, %
R AR W75 K, M TR B AL B 7 d
AENE LBR B 75% ~90% , 35 B85 1Y 25 IR R L
AR EE TS K, By R R AL BE 21 d BB AE 5Bk R
R 40% ~60% , bl 5 2 bk % 0 35 T R

F4 FAEEREFSKBEAREBMEIMERGERBHENL/ mg-L-

Table 4  Variations in total nitrogen concentrations of different wastewater nitrogen levels with Myriophyllum aquaticum treatment time/mg-L ™!

FH/d AMKJE/mg-L~!
2 5 10 20 100 200 400
0 2.00 5.00 10. 00 20. 00 100. 00 200. 00 400. 00
7 0.50 0.50 0.75 2.05 67.31 143. 44 343. 16
14 0.43 0.52 0.68 0.90 58. 86 133.01 332.52
21 0.68 0.56 0.50 1. 10 41. 40 82.03 228.94
28 0.45 0. 46 0.56 0.76 30.30 74.98 209. 86
35 0.41 0. 40 0.43 0.78 23.50 57.02 207. 69
*®5 MEMEEXMAERRESKERHEBRIER /mg-(L-d) !
Table 5 Removal rates of total nitrogen in wastewater of different nitrogen levels by Myriophyllum aquaticum treatment/mg-(L-d) !
F¥/d ﬁm]}l’\:/mg-L’l
2 5 10 20 100 200 400
0~7 0.21 0.64 1.32 2.56 4.67 8.08 8.12
7~14 0.01 0.00 0.01 0.16 1.21 1.49 1.52
14 ~21 -0.04 -0.01 0.03 -0.03 2.49 7.28 14. 80
21 ~28 0.03 0.01 -0.01 0.05 1.59 1.01 2.73
28 ~35 0.01 0.01 0.02 0.00 0.97 2.57 0.31
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2.3.2 Bl EREARA STKAKERN X R
AN [7) R J3E 775 7K 2 SR VA JE Bt A 2 I R s Ak 3L
BB TR TR (6 6) . Mra iR e Ab #E 7d, I
RV KA R LBRHEN 92.4% ~98.8% , #ik
100% , i B BET5 K AR LB H A 33.5% ~
69.2% . ¥ N 52.9%; 35 d W, & H 100
mg-L™" 200 mg-L~" /975 7K 2 A X BR 4 5k
99. 6% #1199.3% . It 100% , Z A F 400 mg-L ™" 1Y
15K B AN EBERALN 60. 2% . Ky e IR X A ]
R E T3 7K AU 23 B 3R B A (] 522 T R a4 (%
7). FE0 ~T7 d, B a0 i X 2 0 25 B i 3 de sy

LB 7K ZR0R 22 v B T v T UMk BE 100
mg-L™" 200 mg-L ™" BTG K ITESE 2 FIFNEE 4
Je S AN KRR R 2 R R 1 AU 400 mg- L'
(75 7K TE 28 ~ 35 d 4T3 AR5 i A R 22 B .
P A X 00 B R = T 20 mg- L' AR AU
15K BB B 7 d BRAES 515 90% L &
ﬁﬂ%%@ﬁﬁ%?ﬁ%, XF & W BE 100 mg-L_l\
200 mg- L ™" BI5 K, By AR i 43 i Ab 1 2 A1 4 )]
AEAE PR A 90% LU I H 2 BRul R 25 F R; {HXT
RHE 400 mg- L~ BT5K 0 FE S T AR Z:BR 60%
HUE=E=

®6 ARARESKEEREBBEINERLIZN EATNL / mg- L'

Table 6  Variations in ammonia nitrogen concentrations in wastewater of different nitrogen levels with Myriophyllum aquaticum treatment time/mg-L ™!

ﬁmg/mgL’l

KE/d
2 5 10 20 100 200 400

1.72 4.31 8. 62 17.25 61.59 111.59 211.59
7 0.12 0.16 0.18 0.24 18.96 49.02 140. 66
14 0.24 0.27 0.29 0.37 2.82 32.28 128. 24
21 0.29 0.35 0. 30 0.43 3.88 21.77 101.22
28 0.11 0.16 0.24 0.34 1.23 10. 61 92.02
35 0.13 0.16 0.19 0.21 0.27 7.46 84.20

x7 MEMERMNARERESTKERHERER/mg-(L-d) !

Table 7 Removal rates of ammonia nitrogen in wastewater of different nitrogen levels by Myriophyllum aquaticum treatment/mg- (L-d) =

ﬁmg/mgL’l

R 2 5 10 20 100 200 400

0~7 0.23 0.59 1.21 2.43 6.09 8.94 10. 13
7~14 -0.02 -0.02 -0.02 -0.02 2.31 2.39 1.77
14 ~21 -0.01 -0.01 0. 00 -0.01 -0.15 1.50 3.86
21 ~28 0.03 0.03 0.01 0.01 0.38 1.59 1.31
28 ~35 0. 00 0. 00 0.01 0.02 0.14 0.45 1.12

2.3.3 Bl LSRG K AR R
R B2 75 K S A R IR, M S I i Ak
JEBAEA R (R 8 IR 9). mAMRE TG KIS A L
I 3o 2% i R0 VA R T v T n S ) R R (R
9) fHHE 2 JH 5 L BR R W T R AR K, A
WeFE 100, 200, 400 mg-L ™" A5 KFE O ~ 14 d A2
REBRFRIIWIHN27.2% | 46.3% . 35.6% ; 35 d i},

TSR EBRE MM 40. 6% . 54.3% F143.8% , 1
WEMTRR LR, HI, K2R A BEASE A
L, MR B S AN 538, BRI AR
FERNEA; @AM, IR AL B 2 JE
AR LBRHE R E TR, LBRERN 27.2% ~
46.3% , B fdi b ¥ 5 ] bR R AL KA 40.6% ~
54.3% , LBRAE T A D E LT EA

®8 ARARRESKESAKEEHFIMEZLERBENEL/mg L™

Table 8 Variations in nitrate nitrogen concentrations in wastewater of different nitrogen levels with Myriophyllum aquaticum treatment time/mg-L ="

fﬁmg/mgL’l

KE/d
2 5 10 20 100 200 400

0.04 0.10 0. 20 0.41 36.33 86.33 186. 33
7 0.04 0.07 0. 61 1.46 28.91 60. 92 168. 58
14 0.15 0.18 0.16 0.26 26.43 46.39 119.93
21 0.05 0. 04 0.03 0. 04 35.34 46.27 117. 54
28 0.05 0.07 0. 05 0.06 27.21 41.56 109. 02
35 0.14 0.07 0. 09 0.10 21.57 39.47 104. 68
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Table 9 Removal rates of nitrate nitrogen in wastewater of different nitrogen levels by Myriophyllum aquaticum treatment/mg- (L-d) =

AE/mg- 17!

R d 2 5 10 20 100 200 400
0~7 0. 00 0. 00 -0.06 -0.15 1. 06 3.63 2.54
7~14 -0.02 -0.02 0. 06 0.17 0.35 2.08 6.95
14 ~21 0.01 0.02 0.02 0.03 -1.27 0.02 0.34
21 ~28 0. 00 0. 00 0. 00 0. 00 1.16 0.67 1.22
28 ~35 -0.01 0. 00 -0.01 -0.01 0.81 0.30 0.62

2.4 PSRN BERTAS [A] 0 B 75 KIS TR AL i 1Y)
Al

REKRLERAFTEN3. 61 g-kg™'. HEIN
AP 35 d, BHIE 2 ~20 mg- L~ 1975 K€ TR
ERERN2.96 ~3.12 g-kg™' . FH¥H 3.05
g kg™ FRE15.5% 5 FIKRE 100 mg- L~ 5 /KK
PBERGEN3.69 g-kg™ ', LR EZM,; RIKE
200 mg-L~", 400 mg- L™ "5 /K IR & & & & 5 7
M 3.82 grkg', 4.01 g-kgT', AR ET

5.8% . 11. 1% , JiK U6 2 3G I 42 43 1) o5 7K 14 25 B
R 17.2% . 24.4% (F 10). v 9, 1K A
FETG K, B SR B AN AL B 8 25 B ZK A4 v 1) L iE
RERI IR e rh i &L, HLRR B0 R v Tk AR 25 B
AR, A P W U B R A =R B IR E; 100
mg- L5 KR IR SR KA BF B, R R4
85 5 T M BE 200 mg- L™, 400 mg- L~ J5/KJE TR
FE 1 W BRF 1 2 A A /0T 4 s IS e AL 7 &= (HDR 4
I v AR 5 2k 3 v T i e T L.

F10 MFIMERLE IS d HRERRRESKKRELERSEHZM

Table 10  Effect of Myriophyllum aquaticum treatment on total nitrogen contents of sediment under different nitrogen levels of wastewater

AHE/mg-L™!
b RUE mg
2 5 10 20 100 200 400
JRRER /g kg ™! 3.12 3.04 3.07 2.96 3.69 3.82 4.01

2.5 By &R AR B A ) MR B T K A 2R pH
(1) 5

T3 7KV ik S AR B K A U B R A S IR e Ak
PRI A A B A (3 11). e, MR, 75K
VS A S Mk B B A AR R B T i A S B R 3 Rk
2 ~20 mg-L™" Y V5 7K I A SR FE T X R 10. 64
mg-L™",100 ~ 400 mg-L ™" A75 7K 1% i S 1k B -1
910.38 mg- L™ BARA M B F-31K 0. 26 mg-L~".

YR i Sk B A9 S I S Ak 3T i) 222 S T I
e TE 14 d KB BE ,0 ~ 35 d A& Ah B i 251
WeREMC YR}y 9,14, 10.53 . 11.28, 11.23, 10.01,
10.98 mg-L~". HIHLUEBA , V5 7K i Al a0k B Bl /K 1A
RS S BT T R, v e R T R i A
Ko 720 ~ 14 d, V57K S0 B2 BE R SR AT R i Ak 3
i TR 3G TG 0, 007 45 % I 8 R A8 PR 42 5
KA i S B (R A R 2 K 5 Al

F11 HEMERLEMARRRESKEBEREZM /mg-L!

Table 11 Effect of the Myriophyllum aquaticum treatment on the dissolve oxygen concentrations
of different nitrogen levels of wastewater/mg-L ~!
FH/d ﬁmg/mg-L’l
2 5 10 20 100 200 400
0 9.24 +£0. 04d 9.29 +0. 18e 9.40 +£0. 06e 9.16 £0. 11e 8.83 +0. 10e 9.12 +0. 10d 8.98 +0.03e
10. 65 £0. 12b 10. 66 £0. 04c 10.70 £0. 03¢ 10. 69 +0. 03¢ 10. 38 0. 13a 10.42 +0. 18b 10.23 +0. 20c
14 11.43 0. 12a 11.45 £0. 11a 11.38 £0. 10a 11.38 0. 05a 10.98 +0. 12ab 11. 11 £0.21a 11.22 +0. 18a
21 11.44 £0.09a 11.33 £0. 09a 11.36 £0. 03a 11.41 £0.05a 11. 10 £0. 06a 11.04 +0. 13a 10. 95 £0.20b
28 10. 15 £0. 09¢ 9.93 £0. 15d 9.81 £0.07d 10. 10 £0. 09d 10. 01 £0. 09d 10. 04 £0. 06¢ 10. 01 £0. 14d
35 11.33 0. 15¢ 11.08 +0. 14b 11.00 +0. 08b 10.95 +0. 18b 10.92 £0. 15b 10. 65 0. 26b 10.92 £0. 05b
Sy 10.71 10. 62 10. 61 10. 62 10. 37 10. 40 10. 38

1) P <0.05 , AR FHRERIR Rl — G0 BE AN [R] s 1) 3 ffp S0k JIE 2 S L 35

157K pH. 58 e JE Aoy S I i Ak B B[] 1 A
FAEfb (£ 12). 2 ~20 mg L~ AMR AW B I5 7K pH

WK VA SR B T i IR 3 G 24 Ak AR ] 38 i 8 4
2R EEAE 7.1 ~ 7.6 ZIA, R, X 5



344 oK QA 15K MR T B 2 TR o 25 U RE I 5 ) 1099

IR G HBIAE L BRA 55 100 ~400 mg- L™ YR
WHETG7K pH B 2R IR 4 b JHL AR 8] 385 i 52 7 R
A5 pH (EIITE 6.5 ~7. 6 Z[H], W BEZ P k&N

FE A A R v ) KA R R T S B R )
1, I A B AL BEK AR pH < 7. 6, KIKENEIE K
HIZE 22— pH > 8. 0, 535 & n] 2.

*k12 MEMEZLEXNRERRKETK pH HZmY

Table 12 Effect of the Myriophyllum aquaticum treatment on pH of wastewater with different nitrogen levels

K d

AW /mg-L~!

5 10 20 100 200 400
7.14 0. 04b 7.17 0. 05d 7.38 +0. 05he 7.47 0. 03b 7.47 0. 02a 7.50 0. 04a 7.56 £0.03a
7.22 +0. 12b 7.41 £0.03a 7.42 +0. 02ab 7.49 £0. 03b 7.10 £0. 03b 7.06 0. 11b 7.36 0. 19ab
14 7.23 +0. 09b 7.31 0. 02b 7.34 £0.05¢ 7.39 £0.01c 6.78 £0. 11c 6.74 £0.05¢ 7.20 +0. 24bc
21 7.20 0. 17b 7.44 £0.04a 7.45 £0.02a 7.57 £0. 08a 7.11 0. 12b 6.70 +0. 06¢ 7.12 +0. 30bed
28 7.11 0. 08b 7.24 +0. 06¢ 7.19 +0.01d 7.22 +0.02d 6.93 +0. 11c 6.50 0. 08d 6. 80 +0. 26d
35 7.45 £0. 03a 7.48 £0. 04a 7.42 +0. 03ab 7.47 £0.02b 7.23 £0. 15b 6.72 £0.07¢ 6.88 +0. 11cd

1) P <0. 05, RREFHEFRR Al —F W EA R ] pH 255 B 3%

3 itig

3.1 MEINR A K 2 AR B

AR R B IN R B0 A Y AE AL B 21 d
PR 5 7K BB T 3] 20 mg- L™ IR B E K i 100
~400 mg- L~ "R EENIA FT FRE,21 ~35 d BlT5K
R PETHE 5] 200 mg- L' ik ] H K 400 mg- L~
RURTEMIRA P T B By I i A ) 3 K
ROTE 14 d PR A M B IS K BR A 2 ~ 20
mg- L7 E5E 14 ~ 21 d Ab B RS B R 21 ~
35 d LA 100 ~400 mg- L~ 18 B B 15 K 5%
AR R W 15K 1.5 ~ 2 %, Hr L 200
mg- L~ . X5 ARSI B S A Y (i
FEEERBAL, R FHEEF R B I E R 2 4,
8 mg- L~ M E B IR AR, BR3Py it B R Y
Thven 4 0 EL AR BE 8 mg- L' kb AR B (i 3
Kbl B5 7RG HBEAME A 0.875, 7.0,
56.0 mg- L~ R B I /K M AN o A 9 i LA
7.0 mg- L™ KRG K R PRI L 56. 0 mg-L ™" K
M. LR BT, 16 3 AN By AN R B DA UM BN
F 20 mg- L~ MR AR B TS K A K B hr; 4 ~5 T,
WU AU BE 200 mg - L ™" 14 i 0 B T /K AR KAy
RHRIE 400 mg- L~ Mdl e s K. BB w G
B B i 00 S8 2 Xy SR AR e 1 A A A — i A
HIVEF , B85 R0k BE AR iV a5 | 2B M s
IR AR BE A TS 7K S T M R e AR K
oK ST v Rg 1) 7K A B IR SO 2 vk 5
A= JE AR U 20 4 R 0T B8 A2 21 BR 1 5 B0k
SRR KSR, T B T ik — 5T
3.2 SRV B LA RE ) 32 AR IR A 1 52

AR REW, FWEA ST 20 mg- L™ 9K

ARG K, TR ER AL, B ek R 5 o0 1 i
SRR R, AL 1 R AR L BR A 75% ~
90% . A 90% LA b, #rEE FIHIINE S 3
K AR AE P A 9. 855 mg- L~ By Y5 K 4k 35
d, AR X 7K AR B U 25 B Rk 71 42% , AW
RN HERE T o, Fu 2500 R E W 4 5 Rk A=
YA R E 14 mg- L™ 8935 K4k 14 d, BAR
FBRRALIT 90% . A IEE 100 ~ 400 mg-L~" {975
KSR BEALFE 3 JA REfS LR BVA 40% ~60%
ME R 2B R W TR, AW 100 mg-L_l .
200 mg- L~ 157K, M AR e 43 il Ab B 2 it 4 J
AEAE PR A 90% LA LT Je PR R 3 TR A
WEE 400 mg-L™"HT57K A3 5 F KRB 60% 1
A Souza 7 FI| FH LA R e Ak BE G AU JE N
27.44 mg-L™" 757K 30 d B2 B A 98.6% , Li
VTR ST RN A R S SR K (AR
7200 mg-L™")14 d F1 28 d B4 & 65 %4 Ky
75.8% F187.7% . UL, Myl e i X Bris /K & fig
J1E A2 R BE R e, AR BE AN 15 T 20 mg- LR,
1 AT 2B M A R 75% ~90% . & A M) 90% L)
b5 EHSE 100 ~400 mg- LB K IRE SR, 2
2 JAAEBRER 90% VI | 3 JHA R EBA 50%
AiAi; 400 mg- LAY S AR R ARHE 5 JR HE 2
% 60% HI = AL

E— 2 B 45 R WoR, xR E R BT 20
mg- L A5 K, BT KR MR AR, M S N 3
TR AR TR B IR 5, BERE NS L PR K IR RL g
PRI A ; XA HEJE 200 mg-L™", 400 mg-L™"fY
157K KRR B 5, M e T i MR AR B R 7K AR
R 27. 9% 1 48. 4% ,JRIBHE A i KK LB A
17. 2% #124. 4% {BA[m] 2046 FE A [a] 1) 1] g e &
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B 38 %

HEhn A A R IE. B AR IR K W
R TR R UTRE 2R R LR EZaRAE. 5K
T R AN R 125 5 oK A A 4 %o 2k 250 3R
PEATEE O |, IE I SRR 5 AR A 28 NRER N A
it A, BB IS M AE IR Pl E REMA; Liu
LR SRR R 200 mg- L7, 400 mg- LAY
WK AG BUE K, B e 3R R A S KR A
BRI 15.9% ~46.2% . 3 & HE A 20, 100,
200 mg-L ™" MT57K , By SR AN e U R SR it LB A T
P A R BR R R R . ERREA R T
20 mg-L ™" BT5 K, B TR AR RO AR, B 4R
JE MR R 2 Bk A IS, ik Ui &L Rk R
TIHAR RN R G B R B AR AN K (HFR A
A b MR s 7Em AWK B ek
AR PN R i i 2R T T R T A7 ] 2 50
BEEEAK, BS540 4. X S 25 B /R M R R
NS AN = | R =S W AT e s o o
PRI Ay — i 2R i T PN U1 R G il 2 200 1) (.
FRm P (AT — SRR SE. LR XA
WEARET 20 mg- L™ BTG 7K, BRI 3 R AL fiE
g e 2 B K AR 0T EL AT URH R VR L X /R
=T 100 mg- L~ L HIE 200 mg-L " #757K , Byt
R R | s L v a8 & AR DB A B
KIRA.

RIUCTE 2 ~20 mg- L~ AR AR 15 KIS A
WREAG , By eI R e AL LS AR fE AN K 5 R 100 ~
400 mg- L~ AR R B V5K, Wy SR I i A 2 S
AR EBRR N 50% 247, HI, B e iR i X
KA RN LBRRE ) BE = TS A. Jampeetong
ZEDVR Dai S5 RO 7 2R K AR A W X S AR
EHREBERTHEA. KPR FEUEA . W
SRMAVARMIE XA, H Y 5 L e FH 2 A
A R X 2 2R WA 3 I 25 8 TR AR AL, X
PR A A ) W i R B R S R T RE Y RE

Jp[17.29]
4 Hig

(1) BN e i AR K S22 BR BE RS2 0. i 3 S
PIEREE 20 mg- L~ A KARcds; 4 ~5 8, W DA
200 mg- L~ AT KA KT, A s s Bl k.

(2) By ER AR S X R 22 B LA N R B 32 A
WEER 2. BN BT 20 mg- L™ Y5 K My sk
IR B RE RE A% 25 B /K AR EUA R TR JE AL, ¥ A
FEBEAR N A 1 PR AU B AR A A KT R A [R) A |

o MR ZUKEE 100 ~400 mg- L™ 757K, 8

IR B 1 R AT AR 22 RV 08 T A /K AR SR 2 25

BRIEAE , By IR A PN 0 B B R T I e, (H

IS VAIT B=S2 24 NN ¥ /1B AN B3

(3) K2 N B A 2 Bk 32 A8 S RS2 .

KR R R A R A L BRAE ) 38 i TR AR, A

e 2 ~200 mg- L~ T5 K &AM LB R AENE A F)

90% L) I-.

SE Lk
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