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T E PR EAREREMT NO [ SRE SRR IR Y A4 Ak X 4 R AL AR B R AR A T
3 FRFERY NO; BT BH ) . 2ot 95 A& (MCL) | BCHEREFT (MRS) AP fE4: 52 (MPS) |, R SEM  £T4M i
MITTE A I RESEAT A AT N RAE , IE 48 T LA A RL 1T NOS W U R B Bl R B X S S = W, 7
20 °C,pH{E} 6.72 if,1 g+ L' MCL . MRS H1 MPS %} 25 mg-L™' NO; HJZEBERZE 5 30T 3R 56.5%65.85% Fl
65.72% ; 3 —- 2 12507 TR RS T I 40 3R W% B ot 72 ; Langmuir #575 ( R?>0.99) fits T 4 HIbL45 B 41 00 252 9L 0% o
1 2 ; MCL MRS il MPS X§ NO3 ft W Bt o B v B I vei 1T R A1, 7E 25 °C T s AR B 1t 430 27.17,29.85,
29.59 mg-g ;i ST EHE MCL MRS Il MPS XF NO; BYWE IR A A &R 528 5 d J 3 Rz
IR B Lo BIRS A 50,60 .88 mg- (g-L-d) ™' ZEA47. AL AT L, 3 b B 10 S0 E A5 1A 52 1 T A B R A 78 .
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Preparation and characterization) of nitrate adsorbents
with slow-releasing carbon capacity

YUAN Shihong SONG Xinshan ™" CAO Xin CHEN Yan

(State Environmental Protection Engineering Center for Pollution Treatment and Control in Textile Industry,

College of Environmental Science and Engineering, Donghua University, Shanghai, 201620, China)

Abstract: In order to improve the denitrification efficiency, it is important to develop new materials
which can adsorb/mnitrate ‘and release the carbon source slowly. Modified canna leaves ( MCL),
modified rice straw (MRS) , and modified peanut shells (MPS) were prepared by chemical method
as nitrate adsorbents. Physicochemical characteristics of those materials were analyzed by SEM,
FTIR, and elementary analyzer. The performance of nitrate removal and carbon release of materials
was investigated. The results showed that the removal rate of nitrate was respectively 56.5% , 65.85%
and 65.72% by ‘adding 1g-L™" MCL, MRS and MPS (initial concentration 25 mg-L™"; pH 6.72;
temperature 20 “C). The adsorption processes could be described by pseudo-second-order kinetic
equation better. Isothermal adsorption processes of nitrate by MCL, MRS and MPS followed the
Langmuir isotherm ( R*> 0.99). Adsorption capacity of nitrate by MCL, MRS and MPS dropped with
the increase of temperature. The maximum adsorption capacity of MCL,, MRS and MPS was 27.17,
29.85 and 29.59 mg-g™" at 25 °C, respectively. Thermodynamic parameters calculation showed that
adsorption of nitrate by MCL, MRS and MPS was all exothermic and spontaneous process. In
addition, the carbon release rate reached 50, 60, and 88 mg-(g-L-d) ™' by MCL, MRS and MPS
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respectively after 5 days of experiment. Thus it can be seen that MCL., MRS and MPS could be used
as solid carbon sources for intensifying heterotrophic denitrification. ( Cao Xin, Awet Arefe)

Keywords : nitrate adsorbent, dynamic model, solid carbon source, maximum adsorption capacity.

MEAER 3R AT AT 2005 YL NI e, 3 K AR B SRR R IR AR AR 1 i R h A
et 2 5 B g K L T P SRR ) R B A A B € 2016 AT IR Tl A R ) o, 4 [ R K
&V RV 50 8.6% .6.9% ; Hi T 7K i 2= G RN 25 910 43 5l o5 45.4% F1 14.7% , Sk -« =R
5 YL AR I T A0 b DX M R K RS R AR S A 52.6—124.5 mg- L7 R BF ST K AR R R ALY 25 5
FAR SR L LA T2 A IS L

W R B PR ks /s ERAE AT B AR AR, TR iR IR ALY L BR ABFE A TS P SE Y
TR A SRR, S A KB AR YE T RE A, X S B W BB AR /N Ak B 2 i A R A R
T I FLAT A TR, AT B S 0 Zeta FELASE 338 588 i TR AR ) R R85 SR T st ) 0 5 470 FEL g B4
e R R A, SR A A S AR b R R RS AR AR SR ORZERERE A RS
FELO AR AL ) 6 P R B ), 6T I 7K P AR 94 25 SR AT e e SR ) A 2 e o 6 7 5 W o
R sT i %  (HXT R NO; (1 [RIISHE SAy AR B3R B BIF 5 08 A LR )72 o7 R A 2 i fe A 0 it e ik
R C/N BARME LA A= 90 IR AR T B U, 5 SRR VR 75 7K A 317 18 FH it fe A 40 0 b Ak B A 10
T5KEF , G IR BE AR, H AN R | 2B | RN AR i R, AELAE AN T B 1 i ki .
AHAE TR ARt [ AR e U5 EL AT 92 Bk T A Dy A6 O B 2 R A I R 3R T, AR RE VR i T, XK
16—31 mg- L™ [ fil§ BR £h 25 BR 30T F 18 90% L B FIAE A B FFVE R #h SE 6 UR, TN £ BR R & 4
229%"% EL A BRR A FERS R TR 95 10 45 O U B 7 T TR e SRR, BRI SR S B 1 11
B ME DL RS E A SR AL R AR IR T A BRS FEVE SR AR TR, BE G X — B G , SRS AR E
(A BB o | T S B R A 1 S A P R

PG AR SCLASE N REAT AEAE 72 R UL il fb 2% siobE D ol Ue 36 5 1 A 21 4 R 4540, Ty il 4%
TIUM AT VE RAHBR IR 9 NOS W B0, BRI T IRLEE (IR 2 P 26 H: NOS W B 15 i, sl 12 ik
AR BE TR A S HT I BEEHLER , X5 3 Foft AE R SRR B 35 SR A T VPA , Ry HLAE Ry AR B UR R (i 2 %

1 #BS 7 ( Materials and methods)

1.1 SRR 5%

SEHARL : 96 N AR T (S E N TR ) KRR AT (VLIREIE) AEAESE (TLIRELD).

S PRARG N8 N N-— I ZE I BEZ (N, N-Dimethylformamide, DMF) (AEIE  — H1 % 33% 7K
VWL TEIREN TOK 2 B R RN e ER R (36%—38% ) , T FIA ¥ 43 Ml

SRR AT R T BEASREAL(FW-400A ) K 2658 1 B st P18 (JJ-1) E IR K 740 AR Ik
FHELRAARAW) EHMOGEETT(BI-2600R ) (FREE A H HL ¥ W i38% (#8752 FEI Quanta-250) (JCE 40T
A (5% Elmentar Vario EL I ) &7 2148 G154 ( 2 1E Thermo Fisher Nicolet 6700) |8 i ¥k ¥ #%
(RH-Q) .pH 71 ( HACH HQ-40d).
1.2 Sk
1.2.1 9388 MR B 590 Ay il 25

AL B K I FH Y 3 FpbA R I ZE KR T4, T 60 C &0 FHLT 12 h, Biig & 200 H , %+
TRAT.

oAb I FRECGE N AE TS (canna leaves, CL) 4T (rice straw, RS) ({E4:5C (peanut shell, PS) ¥}
KA 2.00 g BT 500 mL = R, & A 100 mL R4 S 4% . 120 mLL N, N-— 3% F e i | 76
100 CRHEFEIH 1 h; RS HA 20 mL AYRBEVEAE AL, 482276 100 C FHFEMH 1 h; #EATA 30 mL
(¥ P (33% ) W, 16 100 °C R BEHEINAA 3 h; 55 J5 46 o bk 7 9 43 59111 NaOH (0.1 mol - L™') (HCI
(0.1 mol-L™") . ZT(50% ) A BT /KTE 30 CIHYE, 75 60 C T T4 12 h, #1425 AZE (modified
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canna leaves, MCL) . BUPEREFT (modified rice straw, MRS) FIECHEAE A2 57¢ ( modified peanut shell, MPS)
B, 25
1.2.2 W RFFSEs

PRI [l S RN , FH 25 8 T K BC A R R B NOS (LA N i) Bt 200 mL 3R T 250 mlL H.3€
HEIE L ARG IAGE Fe MR ; 78 25 °C 1 180 v+ min™' 5514 N AR , B3 BE — 5 I ] HUUE U, T 42403
R (HIT 346-2007) il NOS-N A HSE.
1.2.3 =ik

A3 SR BCPERY CL RS PS FIBCE 5 B9 MCL MRS \MPS 1.00 g, 4 Pify, —#&—H1, 20 BicE T
12451 LBEFRAR IEINA 1 L 260K, %5, 45 H B 20 mL B35 2041 NOS-N NH;-N FI COD, I LA 45 H
BT APFE 20 mL. B 3 d 2K 1 530 S50 0B EE 1A (HIT 346—2007) (44 A7) 40060k
BE¥L (HJ 535—2009) W47 COD PR A0 NOS-N NH;-N 1 COD [ .
1.3 Mk
1.3.1 A fff

AR 2 (1) THEAS ) Z A T e i O A 00 % i AR P - 2 3t Q.

0. = M (1)

m
A, QI MRt e s C, W VR R T i L €. W I 1 R e 1
mg- L5 V MR AR, Lym AW B0 ) R it .
1.3.2 ZhJj2Emsin
¥ MCL MRS Fl MPS WZH NOS FORICHE FI D) — 20 20 125 G (2) 00— 20l J1 25 i (3 ) AU 1y
YO (4) 7R, Tk g m oy e,

In (qe=¢q,)=1Ingq, — kit (2)
i 1 3
Wi +— (3)
a kyq” 4.
q, =k, 1" (4)

K, q, g o BRS¢ BEZIAA R NOS AW R i, mg - o' 5 &, SR P — SR B BORH B, min ' 5k, N
Ph 200 3 R g mg ™ emin ! 5 kSR OB P BCE A L, mg - g min ™.
1.3.3 AR B A

# MCL MRS F1 MPS W ff} NO; 9% F Langmuir #5174 (5) Al Freundlich £7 (6) #E1THI4 , ik
I3 .

b, L (s)
- = 4
Q. 0. Qb
1
lg Q. =—lgC, +1gK (6)
n

Xrf, C O PATARREE  mg- L7 0, R P AT R mg- g5 Q, B KWt mg - g™ 5 b SR WL SR T
Lemg ™" ;K A Freundlich W fk %5, 1/n k45 W BHHE G O 5L
1.3.4  WERfFA 24

W SR e S IR DL A S BN 2 (7) F1(8) W 3HEE MCL MRS Fll MPS 1 {32 A& v i) 75 A1
HHREAG JGAE AH A AS.

AG =- RTlnb (7)
-AH AS

Inb = + — (8)
RT R

vkl ,R ﬁi]ﬁ%fgé\ﬁtﬁﬁ,&314 Jemol K™’ T RASHEEE Kb N Langmuir WW@@T%’@,L-morl.
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2 5 59718 (Results and discussion)

2.1 eeMERT IS By PR AR 4k
B 13 T B N ANREISRH I A R & 1 AT, SOPEAR BT, CL RS F PS FE M HR 1L
IORURE B 2R RS UR S TRk e S, MCL MRS F1 MPS [ 1/ HGH , 45 B B 5% A 4G 1P

Bt MCL MRS 1 MPS %11 2 80 H/NERIRGEH , SO T AE R AR R S 15 5 38 0GR I 2SR
(AT T 2F AR E5 M B IR

1 REME RS (a) CL{(H)MCL (¢)RS.(d) MRS, (e)PS Fl(f) MPS
Fig.1 SEM images of different materials: (a) CL, (b) MCL, (c¢) RS, (d) MRS, (e) PS, and (f) MPS

2.2 BPERTE AR MR A

2 43504 CL A1 MCL RS Fl MRS \PS Il MPS f{){# FL 0217 46 i 23 A ] 38 349 B 0k 250 mT 3k 0 b4
BB A S 5 AR FE A

120 a

120 b
100
B N
o 80 )
2 2
<
E
=40 =
20

3424 3424
Il 1 L Il 1 1 L J 1
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100
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Transmittance/%

40

20

4
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2 (a)CL MCL, (b)RS MRS, (¢)PS MPS A48 H o214 A
Fig.2 FTIR spectra of (a) CL, MCL, (b) RS, MRS, and (c) PS, MPS
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AL 2 S0 T AL, PR AT B A REHERTE 3424 em ™ AN F SRR S, —OH RN, UABEM R R 4T 4E R 2
LU E AR R LLE M T BB  BLAE 1634 cm ™' F1 2927 em™" Ab A4 I ] RE & A 5t 25 4544 v 55 75 24
FIRRIEIR BN .3 Rt R RO ARHERAE 1430 em™ HY BSR4 | X2 C—N SUKRZ A RRAE 3R ), d BH it
Je BRI T BUIE ], 3X 55 Wang 55 BURFFE 45 AL
2.3 eMERT R TR E R AL

# CL RS 1 PS J{] DMF BtPE153) T MCL MRS Hl MPS, BCPERT A ) R SR AL L3 1.4
ALAL 3 AR RO RT S H & AR AN S, C 3 fE WA 3 0, N 5t 2 50, U6 A A RBHAE el i A v
55 W R A AR IR T R R T AR A 5 ) A T FL AU B A

R1MRMER LR SRR

Table 1 Change of element content after modification

N/ % C/ % H/ %

CL 1.15 38.48 5.86

MCL 5.74 48.10 6.77
RS 0.64 37.44 5.86

MRS 5.77 48.28 6.87
PS 0.72 45.77 6.34

MPS 5.83 5221 6.98

2.4 WEEEBh )2
TEFER LN 1 g- L7 pH 6.72 .20 C JR¥HEE 4 180 remin™ Z51F F X1 UHHE H 25 mg- L™ i NO;
PEAT IR BRE S 6, 45 20 MR SCHE RIS X NO; B W B 2 BT R] A8 P il 28, 25 SR 4n1El 3 () T 7.

200 a 10 b eMCL ®m MRS a MPS
18.0 | -
16.0 | . " - A 05
A
14.0 | B - ‘\.\ .
~ 120k Y 3 hd 0= " I L ]
o = a 20 40 60 80
2100 | b /mi
;5:0 o 05 F f/min
E 8o} oCL aRs a ps g ¢
S 6ol ¢MCL  ®MRS 4 MPS . R
-10 F
40 |
20k
m _ 15} a
ol o £ £
=20 1 1 1 1 1 1 1 1 ook
10 0 10 20 30 40 50 60 70 i
t/min
50 190~ d
© @MCL EMRS A MPS ®MCL EMRS AMPS
18.0 |
17.0 | M
16.0 [ A
SN0, . &
1)
& 14.0
E
S 13O .
120 [
1.0
| 100 ! 1 1 1 1 1 1 |

70 10 20 30 40 50 60 70 80 90
t/min 5/min®-3

3 RIEIBPREXT NOS (I B 2l 72 i £k
(a) NO3 W HHEE i i) 22 (et ; (b) Ph— s 2 G M ; (o) th =3 2l mh2; (d) WU 9 el & ih &
Fig.3 Adsorption kinetic curves of NOj by different materials
(a) Absorption capacity of NO3 with time; (b) Fitting curves of pseudo-first-order kinetics;

(¢) Fitting curves of pseudo-second-order kinetics; (d) Fitting curves of intra-particle diffusion model

HR G B 50 F1 2 WL HT, MCL MRS F1 MPS XF NO; F4 W Bk P R He s 5 fF. 20 B R 3 (a) AT, 2k
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PEJE TR NOS 19 W5 B 2 T B 3ok 4640t 35 4 15 . 7F 0—35 min Y, MCL MRS F1 MPS X} NO; 1% [
U T SR R A TR W BB, R RS T B A s 2 NOS B 5 285G, ELI A I B B AE AR
R E 22,25 5) S IRAMRBEYBURH 7, T LA B S R 1210 5 min B SIS IR R 2k 43 1) 32k 810 i
W11 84.96% 94.88% F1193.37% , LI MRS 1 MPS B 42231 W FFF V-7 | 22 Jim W 3ok 3 5 25 W 07 i )
FNTT 2 FEAR , 10 min B W% BFFE EL A BSF-7.1 g+ L' AY MCL MRS 1 MPS X NO; A% ffH 051 41386
17.00,15.63 mg, EBRFR551I5F] 56.5% .65.85%F1 65.72%.

AR A (2)—(4) % MCL MRS 1 MPS B NO3 B #1730 5. 36 2 R 1T BAKM 3 )22
BOPAERR M TP — 2 3h D120 i, th — sl 127y R s W BB i 005 A G R B8O &, AR
P th 9 J1 2y B SRAR B0 o (E AN ST BT bz i O — 03l ) S BRI B 1 W B 8 SR AR
B ST B RN NP B AR AT LA S A AR MCL MRS A1 MPS F 52 Bk B2 50RE P 3 B0 R4l
FECRHRT 0.74 (ERSE R A PRI AT RNt S5 AR NOS A 2 i i A% A2 J0RE 3 47 sics il (ELASORE 9
PO ST ME— s s i A RS

T2 UERPRLXT NOS YR 2l g 2 RSB A 18l ) 2 28k
Table 2 Adsorption and intra-particle diffusion kinetics parameters for NO; by modified materials
i 2R

Equations Parameters MEL MRS MPS
th—gz 1% ky/min”™! 0.0234 0.0296 0.0235
Pseudo-first-order kinetics R? 0.9443 0.9381 0.8723
th—%sh 112 q./(mg-g™) 13.76 17.04 15.53
Pseudo-second-order kinetics ky/(gemg ' min~!) 0.06553 0.1966 0.1077
R? 0.9970 0.9999 0.9988
A PN 7 HOAS 78 k,/(mg-g '-min™") 0.03373 0.162 0.1691
Intra-particle diffusion model R? 0.9273 0.9621 0.7405
¢ 11.01 15.80 14.048

2.5 WRFFFAEIRLL

TEFR LR 1 g- L' . pH 7.00 JEJEAF51H 25 °C 35 C H145 °C,180 r-min~' 5544 F #F5% MCL MRS
HMPS XA R LR HEE NOZ. 1 W2 [ Sk il P v B 1 A8 A, 25 SR 43 il 8] 4 iR

SRTRI, —EWRER, BEEE R D NOS Ve BRI, A4k i T A 5 ot 7 2R T R, X 2 fR TR
FREFSI 1 o — 2 B, NOS I R B3 A% i 8 )t K 5 WU 19 7H =5, MCL MRS #11 MPS X} NO; 1
W B et A A , 2R B = O PR BT NOS AW B A SR G A8 fr BT 4 mT o0, [F]— IR BE T, 3 Al A4 Rk i
W RS MRSSMPS>MCL.25 “CHE, >4 NO; ®IHGEE A 300 mg- L' i, MCL MRS F1 MPS f~F- 5 W fff
A% 25.19 .29.04 28.01 mg-g ™.

W B 45 R e 8 — E TR T WA (C/mg- L) 5 B (¢ /mg- L") Z 8] A ¢ & i
2R T 5 3 TR NOS MR BRSO ) 22 S5 MR R W B o, L Langmuir 1 Freundlich 55 ik I B A5 78 X6
4 0SB BER I TG, SEUE RGO RO ER 3.

MAHFE R B RKFE |, Langmuir ZEEBR (R*>0.99) fig B bl ik MCL MRS 1 MPS %t NO; %5k
WY B R 7E Langmuir SR BHE AL | Q| 7R B S5 KW B . Bt 5 R 3 T v, 3 R R Q3 F R,
e KR RS0/ ) 100 W ARG TR B A R TR B DAADL 5 25 SRR, 25 °C iF, MCL \ MRS Fll MPS 1 Q{8 533
427.17.29.85.29.59 mg-g ™" T & B DMF Bek /K A A PIXT NO; fl 5 R B 4.24 mg-g 7'
BRI AN R DMF SR AR EAREFEXT NOS e KB 26.58 mg- g . B4 b AL T BT 5 1%
BRI Z IR] 5 AT, b (B SEA  BRA ,  BR Rt K ) sk 536 2 v b R Q AOHLA 25 SR — 3K
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30 F MCL 33 MRS
25k 30F
25F
cwp o
w0 o L
& & 20
25t 2
3 = 15 F
ok
! 10 -
S5t 5k
0 1 1 1 J 0 1 ! ! |
0 100 200 300 400 0 100 200 300 400
Co(NO3)/(mg-L™h Co(NO3)/(mg-L™h
30 - MPS
25 F
=07 —=—25C
% —a—35C
g I5F .
= —e—457C

10 |

0 1 1 1 J
0 100 200 300 400

C{NO3)/(mg-L™)

B4 AEREEZ N HIG NOS X i bR ik R 4 52 e

Fig.4 Influence of initial NO; concentrations and temperature ‘on the adsorption capacity of modified materials

F3 EREIRZENOT B AR A SR

Table 3  Adsorption isothermal fitting/parameters of NO; onto modified materials

A B MCL MRS MPS
Models Parameters 25 C 35 C 45 C 25 C 35 C 45 C 25 C 35 C 45 C
Q,/(mg-g™')  27.17 25.13 21.28 29.85 28.48 26.60 29.59 28.17 25.51

Langmuir b/(L-mg™") 0.04432 0.04056 0.03835 0.05389 0.04340  0.03790  0.05379  0.03865 0.03285

R? 0.9981 0.9983 0.9982 0.9993 0.9992 0.9991 0.9993 0.9997 0.9984
K 4.826 4.351 3.617 7.800 6.489 5.196 5.994 5.342 3.695
Freundlich 1/n 0.3106 0.3142 0.3179 0.2374 0.2580 0.2856 0.3501 0.2928 0.3438
R? 0.8406 0.8779 0.8696 0.9692 0.9765 0.974 0.8228 0.9623 0.9304

2.6 HIyESHT

I AT 27 8 AR [ 1l 2T W B 287 %) S 0 B8 s A T 20, 28 R AN 4 s i 3R 4 T, AG 7
ARNRE T ¥ /N FZ, 58 MCL, MRS F1 MPS X NO; 002 A & 8. — Ak AG /T -20—
0 kJ-mol ™", W Bt A5 M W BRI B ' AH /N T2 GERH 3 Rkt R X NOS 6 W B i R 2 il e A
MCL 1 MRS W[t NO; Bf AS ShIEAE, F WA 2 IR GLEE B 0, 4 4f 3 2 W B A i 3 90 21 Tt MPS 15
NO; B AS A, BEBTZ R BB R A 7 AR 2 T4 %, A B 2D
2.7 R C N e 1ot

XFECPERT CL RS\ PS I G MCL MRS \MPS 1) C N &2 H IR A T4007, 45 R WK 5 frs. 4387 al
H1,NOS-N 32 v B R BRI AT e, BE S B WA, b TAR e, s 5 22 FF ) R st & R 8
1.5 d J5, AR BESCMERT S NOS-N IRV EE A B EAE 1 mg-g "L AR A2 mg-g " L' DAF,
NH;-N B3 R E R EE 1 mg-g - L' A1 2 mg-g "L 4.
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R4 ORIFHEE T AR NOS MR i 2 28

Table 4 Thermodynamic parameters of NOJ adsorption onto materials under various temperatures

MCL MRS MPS
298 K 308 K 318 K 298 K 308 K 318 K 298 K 308 K 318 K
AG/(kJ-mol™") -15.93 -16.24 -16.62 -16.42 -16.41 -16.59 -16.41 -16.12 -16.21
AH/ (KJ-mol™") -5.71 -13.90 -19.49
AS/(J-mol K1) 0.0343 0.00836 -0.0105

DA A
=] (=) =
T T ]

o

)
=]
T T

-N concentration/(mg-g~L™1)
. =
(=}

[
(=)
T

+
4

10

NO;3-N concentration/(mg-g”!-L™")

NH

5
o
& —a—CL
§ —e—RS
-2 —a—PS
g —a—MCL
§ —e— MRS
S —a&— MPS
[a)
o
O

B 5 AR R IR A A IR R TERE R AL

Fig.5 Slow release performance of carbon and nitrogen sources in different materials

3 FbA R CHE R AR TR LA COD RAE ) 45 A 251k bR RS 41, HoAth A1 R COD ¥ B FE A 5L F %5t
L CL A MCL (U RRs e 22 A K, 8 d JEBa @ 7E 50 mg- (g-L-d) ' Z£47. MRS I RS (BB HfaE,5 d
JERAELE 60 mg- (g-L-d)' 2247 PS BYBRREHAK, 10 d S5 R EALE 20 mg- (g-L-d) " M AN SEBR IR 1]
B BN A2 5 T MPS PRI AE 5 d JEFaE 7F 88 mg- (g-L-d) ™.

RS (BRI RS 12—19 d AHELFRT 11 d BT B E S, B8R RS A G A95EM: T § 8009, RS %
A7 7R A T R 20 i MR 2 20 22 h g K Pk B G D TR IR I e TR S S 2 i, BRI 27 2 3%
L SR AT R HEWT RS 752 10 d J5 A5 LA 5 K AR FE 4 B fih | TR 44

C/N S5 ) S T A 1) =22 R 3R AR SCik oA, 167K COD/p (TN) >6 B, K2 il AR Ak R 78 A2 JBE 2L
RRE Y Wang 257 LB, MK C/N N 6.1 $E5) 39.3 BF, TN ZBR3 LN 18.1% 42 H = 92.3%.
TR ST A O BRI A2 3, B Ak B OREE A B R UK R AE 90% LA L 4377 AT 41, MCL MRS il MPS 4
A LIE N S A AL B AR IR AR FEARTR] C/N Eis K BTG 5, HEEAR SN NOS-N A1 NH;-N 75 4.

3 %518 ( Conclusion)

(1) KR I NAETE T IKAREFEFF AL AL 520 AR X NOS JEAB AT W fHAE FH , 40k DMF gt b 33145
F i) MCL MRS #1 MPS R I | 250000 B8, 27 4 004 7 B o0 i, 5 A T3 1E H AU 3 | BB A R
I NOS-N.
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(2) th 2R 3h J1 24 I FERENS AR IF bl & MCL MRS H1 MPS X} NO; AW fH R, 75 10 min I 2 355
W2 -5 RSO N 3 A BB AL A5 W RS , 10 P O i 8 A2 JURE PN 7 RIS i

(3) Langmuir 77 F2AE T 47 MR MCL MRS F1 MPS % NO;-N B2 IR Ff th £k (R*>0.99) .3 Bk}
X NO3-N [ B 8 i 82 T 8 1 FAAIG, 25 °C s MR R A58 SR i i, e R I B R 9 il Ol 27.17,29. 85,
29.59 mg-g”'.

(4)MCLMRS F1 MPS X} NO3-N AW i B2 it 72, Hob B & 3617

(5) I MERT S MR AR i ERE, &AL S d J5 , MCL MRS F1 MPS [ NO;-N il NH;-N i Hi ¥
PEFREAE 2 mg-g L7 2 A, MTREAR 20 RS AE 7E 50 .60 .88 mg+ (g-L-d) ™", X KB BRM 1995 N R
FERIAEA FE A 2 UM R, 1T LR 7 M A A e I8, HAS 23368 il — ik 5 .
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