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Screening of ammonia nitrogen removal schemes from construct wetland
matrix and dynamic analysis of influencing factors
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(1. Water Resources and Civil Engineering College , Inner Mongolia Agricultural University, Hohhot 010018, China;
2. Urban and Rural Overall Development Bureau of Airport New City of Xixian New Area, Xianyang 712034, China)

Abstract; The isothermal adsorption equation was applied to screen the adsorption capacities of ammonia
nitrogen of six substrates, three of which with the best adsorbability were selected and mixed with different
ratios for the base of constructed wetlands. Adsorption kinetics experiments were carried out on remove am-
monia nitrogen of the substrates under the different effect factors of temperature, initial concentration, and
particle size. The removal efficiencies of ammonia nitrogen of different substrate combinations were tested,
which were mixed in different ratios of the selected materials. The results showed that the best removal effi-
ciency was at the ratio of 3: 1: 1 (zeolite: bio-ceramic: limestone ), at which the adsorption capacity
reached 283. 814 mg/kg with a removal rate of 94. 61% . Meanwhile, the adsorption amount of ammonia ni-
trogen decreased with increase of the test temperature. Although the increase of influent load could raise the
adsorption amount, the adsorption efficiency decreased. The adsorption amount did not significantly vary
with the particle size distribution. The correlation coefficient showed that the adsorption processes of ammo-
nia nitrogen were better simulated by the quasi — second — order kinetics than the first — order kinetics.
When estimating the influence of temperature on the amount of equilibrium adsorption, the first — order ki-
netic estimation was more accurate; however, the quasi —second — order kinetics was better when the influ-
ent load and particle size were changed.
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2.1 #FEhEE

S BRI RS A A B B gk T
oA RARAE R 2 ~4 mm, BRI TR R SR A ) ER
PRAE] IREEI LB K E ik, HERX
TR 6 FhaCm AL T L FE PR IE LR 1,

*1 REAERIFZESHUYEE %

R % > WA = Yy W) s ok T A RA
Sio, 90.10 ~98.20  68.20~71.30  62.13~67.10  60.10~75.20  68.09 ~80.01 0.20 ~1.05
AL O, 0.20~0.25 17.07 ~25.05 15.04 ~18.05 13.10 ~14.30 10.20 ~12.30 0.20~2.51
Fe,0, 0.20 ~0.60 1.10 ~1.80 6.15 ~8.02 0.50 ~0.60 2.07 ~5.04 0.10 ~1.09
Ca0 0.17 ~0.22 1.70 ~2.20 4.02~6.03 0.40 ~0.50 0.20 ~0. 80 48.08 ~55.10
MgO 0.30 ~0. 60 0.90 ~1.30 2.04 ~4.04 0.60 ~0.70 0.10 ~1.05 0.08 ~1.04

K,0 Fk 1.50 ~4.10 1.03 ~1.81 2.20~2.30 FA T

2.2 E XTSRRI A IF IR I

2.2.1 #—RRFRAEGEFBAMKXLE HRRZ
FEFKZMME AR TR 6 FlLii% 10 g
T AN 250 mL B IEEHIE D, 205l A 2 &5
B 5.10.20.50,100 mg/L Y NH,Cl % 150
mL, FF A 2 ~ 3 AW, B 1E R Ok Wi B i
BRI IR 2% . KR E TR 20 £ 1°C ) fh 3k
150 v/ min {8 % % 72 R H 22 R % 48 h, RV
155 1k A B TS, 8 A 0 R I A R S
(ORI SAR-K =¥ 14 o N D RS S 1)
VR BRI T A R B A SRR R B i 2 . T2k
I 2 4FAT,3 IRE A, S5 RO

2.2.2 AAARMNRRAMRE @i 2.2. 1
F14) A5k R 86 0 3 428 0o 2 2R TR I o 5 R 1 3 i 3k
JoT, ¥ AN TR o LA (D3R 2) BRECTR & 55 5 44 kL 7
45 10 g F 250 mL HEEHEIZIE , in A5 % i
B i O 20 mg/L i) NH,Cl K 150

mL, JROREI I3 E 4 0.5.1.2.4.8.,12.24 .36 48 h,
HAPHRIA 2.2, 1, 2 BN (8] 42 f0 0 2 5 0] A
IR 3h 1 i L BReR i e 40 i B 2
AT ,3 A, SR IBCF .

x2 ERMPARE

Yokl & Wb T
W YRR AR A FSHI11 1:1: 1
WA ARk AKA FSH211 2:1: 1
b AR R FSH311 311
WA YRR ARA FSH121 1:2: 1
W YRR KA FSH131 1:3: 1
W YRR AKA FSH112 1:1: 2
i YRR KA FSH113 1:1: 3

2.2.3 AAHARAMARKRA T wE TR
TERIFRER 2.2.2 P E A4 & 355 10 g F 250 mL
HIEHIEM 8 vk 6] 2. 2.2, 2R dRE (5,
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TEMFFE AT S5 A T & o T ) AL o B4R o ] R
JH Langmuir 1 Freundlich 75 75 3¢ 4 348 55 5 it e [
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FUFRHETT LA AR . Langmuir W B 7 72 7] 4k

LR IR
c_ ¢ 1
¢ ¢ TKG, (2)
Freundlich 72 MHEF ik,
1nc:mK;+%mc (3)

b C Sy W BT 1 7 o 35 o b 2 AR o e Uk
mg/L; G A B 5T i 5 T A W B i, mg/kgs G, R
BN BT ARy B KO B &, merkg; K, R
Langmuir P75 %5, HAG SR, WERHRE ) 8o ; K,
4 Freundlich 2%, 03I OB RE J1 5 n Ry
FEERL, AT DA B BT WL B 5 E
3 giRkSnbr
3.1 B#ERMNERANERIRE
108 3o A5 T R B T 6 A B — B 0 2 R i
B e 25 SR, xR AT 00 SR IR Bl 2, L 1 B
P LT RJ 2R, A [ e 28 ) o X 2 20 178 W o
FETERERZE R o vl A X 2 8 T R R o £ 45

W RETT B g T At 5 R IR R L, 6 R L TR
RUHLED kA AR R B IR R TS A R A
L T B 43 591 A - 50. 25,1250 ,666. 68,172, 41,
155.52.294. 12 mg/kg, 7EAH R MKW E R AT
AT A BRI Ay I A R = 2R 1 A R B o
= T Ul P USRS . i Ze R3] DS i
B P T AR B, B v &/ L R T 114 1 B 38 34y i
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KFBEBAE0.98 LU L, FIFH Langmuir £45] 6 Fi 5T
(R R B £, T LA kA 9 e R B 24 1250
mg/ kg, TERTFIHAL 5 FhFHEJTT, 20 Bt e /N AR )
T 25 A5, Langmuir Hi) K B0 AT LA B 5 e B 22
MIZEEIRREE K, (BRI S A A S A R B AN
DR o WA R 2 B W B R A, R A W B R
FVRHAD , A2 A B BRI T %o 2 2 R o 174 22 o
JE HUABAH I, B4 25 o A W B 1) el R OB B, 7R
Freundlich J7 /&1, n AR 2 A K R L, W]
W, 251/n 760, 1 ~ 0.5 IR 5 A , R T2 B, IR
MELURAE 33X 6 FREETTAY 1/n (HECHARE , X2 A A
—E M FH K BT DA s BIEE J5T W B B 7 2
i, K (EBRIE T A0 W B 8K, T g B oA
BEE Ky (B REV N R B > AL > A1 K
A1 > FPEIEEL > AP > TUE X 5 Langmuir J7 #2514
ST —3 AR e A B AR AR
S5 045 H 6 S RSO B KRB IMIRR ik A > A=
YIBERL > G KA > BPEIERE > 1UA > b,

3.2 ARERERIENERANERYRE

R 0 B 20 77 #3075 B[R] B[] °F 2 G 5
JoT 2 R W o Bl AR AR A RN 20 5 L T 5 e LA
B R BRA R, Kl 2 Fs

£3 6 HERMNABRNERRMRESH

Langmuir Freundlich

IR . - . - :

X, /(mg-kg) K /(L-kg') R K /(L kg™) 1/n R
S 50.25 0.0287 0.9884 2.2636 0.6752 0.9907
G 1250. 00 0.0741 0.9973 85.1922 0.8112 0.9998
A Y kL 666. 68 0. 0462 0.9983 36. 6606 0. 6945 0.9952
R 2 e Al 172. 41 0.0097 0. 9985 2.4558 0.8592 0.9998
TLA 155.52 0.0095 0.9990 1.7730 0.8535 0.9998
fRA 294.12 0.0197 0. 9960 7.3536 0.7856 0.9995
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FHWRE/ (mg L™
B 1 FERE—ERX SRS %

Bt 57 TR PR 5 205 5 o o 2 R0 o 4
TR EIH S AR R A FE U2 A R A P 25
St TEIREOAIIT T 22 26 I B st UG i, 7 36
h B GG TR , FEARKE 48 h Bp iR WG -, H:
rhH A KL FSHI111 FSH211 FSH311 19 2[4 2880 L 2
— RS B A0 2 R, FSH112 (FSHI21 JEAE
H7A4k, FSHI31 F1 FSH113 H: %3 13 T F&A%, 204 3k
Jox FSH31T X 22 280 1Y W B S50 R Joe &, T Ff ot 3k 3]
283.814 mg/kg, BT A 94. 61% , 45 o — LT F2 4Rk
TR A AR R BRR A S T 12, 94% 25 5L A
A L BR R B KB/ NMK IR - FSH311 > FSH211 >
FSH111 >FSHI21 > FSH112 > FSH131 > FSH113, 7£
A i TR AL LT FSH31L il FSH211 i, 20 A
R 7E SN AR B B L s, W2 B 52 iy 1A TR, 7
24 h IS EEATR S 7R PR HAt 2 A B B i T 12
ho 3T HESE A T3l A Y DU T R SR 2548 ) 45 B
B HREEIRER A B AN R B FE W B B
T, A i AR ALY S R T K R S AR
FRAE TR RIS A BN A A TR R
5 AN AR FE B FLIR AR A , vT LA B AR At )
FRA T A IR AT B b AR A
AR BRAE T R F 22 5 R f TR A/ e o 7
WA T, A R A T A R T L B
TABRZNEEAAY) (AR R 2 R
JEDSRAETE 2 BH B 5 R B R AR B A8 4k, T
ARA FERST N CaO , FEK AR Ca®* X
BE Ca’ " B TR, ATRE e AT A I3, e A7
S (MBS /DN, S M R B R B T A e R L RO
PR IR YE , H VR EE A B N 25 NH,® 772k —0E
(R HERE 7, SR A LTI IR
3.3 EmERLSH
3.3.1 BAEMHw ERATEWEE N 20 mg/L
i, AR 1k 6 2 SR 2 AN [R] IR BE 2% 10 2 5 SR
FSH311 Xof 2 &0 W B 2 7 2 Rk i & an il 3., 45 2%
FEUH A T FSH3 11 %o 2 41 1 W Bf S B 25 UL
JEM TR MREAC, 76 5°CRF, 41 A 3L FSH311 X4

8 12 24 36 48
W B I 18]/

B2 ARAGERMIRHRMENERE

ERAGLERS

SR R 295. 27 mg/ke, #1015 .,20 . 25°C A
Ay T 3.53.7.93.11. 46 17. 3 mg/kg, ik
T T P A7 X R O 4 s e AN S 0
SEIREN AR MR ERIR Ry 5°C i, FEATE
12 h B IR B BT tR A, 8 25 °C 4RI T 36 by

TR X 45 R 0T FSH311 W B 6 77 14 5% 1 7] g
AR, —J& NH 555 b 0y HAh 48 25 1 &
A BT A4 SN A Ao R TR Y Y B R AT L
PREW AT, & NH, 7EIR A R ik h 2 &
AR B, A2 B NH, -+ HL O, FEAR S 158 i i, fif
LRRFRTREY R, B2 B R AR £ 1 0 4 45 2 R
FRI IR BB, o K2 A ) Rk A — e RS .
3.3.2 BRREMHR  ANERESM FH AR
AR EN 2R AN & 4 7R, B IE 4 AT L
B TEMR A TE LR B B, Bl K VR B 3 T, 4
FEJFO A B A, ELE 7K v By, il 2
R, W R B R R, 25— B,
AR, N T V2%, SEKIREE 1 me/L 3%
7% 10,2050 mg/L B, W RFHEE N 14. 59 mg/ kg #RYKIHE
JINZE 144. 38 .283. 81 .685.73 my/ ke, W il i 4T+ T
47 A% B T HEK R BE BB I A5 7 v i NH
WazZe XF NH, S IRBET S50 8] (A W BEBE 7 T (2 ik
YER, B 5 ik AJE I TR FLIR. 53 4h 4 & B8 1% 1
NH, (584 HA — e WSS BT, 26 K U JEE 14 in 1)
THOLT , 24009 NH, wf LS 1 oAb 4 8 5 7 & 2k
AR K BN Y- B S ) B R, ARk
BN 1 mg/ L B IR FFPARS A 8 b o 1 7K e R 4
158 50 mg/L B, W B 48 h B A A SR -
3.3.3 Kz Ha ARKET,HE RN EA
(R B 2h Ty 2 AR AN R S s o 7E 3 FhOR TR A R4S
AT RARTE 1 ~2 mm F12 ~4 mm B ER AT
wEH KT 4 ~8 mm, 1 AW & 55 %1 ok 275. 89,
283.81f1246. 82 mg/kg, Kife 1 ~2 mm fl2 ~4
mm [ 2= AN R, 78 12 h BPRAE 1 ~2 mm
2 ~4 mm BRI RN A T 284, 3K AT B R
TRAEK/IN AFAE T I T N B A FLBR AN &5 #8511
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RESR (75— U BB , WA T W . kAR 3 4 s,

AN R A L T AR I A K, AT DA A 0 RS T A — B F12F RN E R IR

o, B S, BT LURLARAE 1 ~2 mm F1 2 ~ 4 1k 1 "
mm B 7 24 b sk S0 T 45, TRE 7% 4 ~ 8 a Qu Qa

mm i}, B3] 48 h A JEA TR 2 Wi, dn 2ok 4 HE— B T Btk R GR AN
K/ R 3, K Sk 2 oK, i A ot t 1 L

i FAEEZE  BER A TR AAR o AR SE BRIV vp 4 B
RS RN
3.4 HMAZEHN

T ARGTILIE )ik e JRE IR AR X 2 45 i o &
BR A SURAIE , F1) P I B 3 7 2 07 e 0 21 5 2 A
R P I BR R B S R AT T AT, A

w
<
<

= >t (5)
4, k,Q, Qo
g, Mo BB, me/ kg ky N — B 152
BRI 5 ¢ B b 0, K43 )
PG me/ ks by e
BE AR R keg/ (mg « h) 50, AHEZah 52 11
I e KR Ff e, me/ kg

E
« 250
ol
<E 200
i
£ 150 .
= =
100 L L L L ! 0 —h L L L L !
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
W I 18/ h VR B B 1A/ b W I 18/ h
B3 AREREET FSH311 X ZEH B4 AREIKET FSH311 MZAmH B5 ARREPEFET FSH311 XFREAmE
R Bt 5h 1 45 4E R Bt 5h 1 45 4E R Bt 5 1 45 4E
x4 TREEZMTHBRMEIHZEFTEBEESH
j — R S sh )2
PALIESES Qr/(mg - kgil) -1 -1 2 -1 -1 -1 2
Q./(mg-kg™) k/(h™) R Q./(mg-kg™ ) k/(kg-mg™ +h™) R
5 295.27 303.03 0.9394  0.9756 303.03 0.0042 0.9997
) 10 291.74 294.12 0.7941 0.9615 294.12 0. 0044 0.9998
IR/
x 15 287.34 285.71 0.6857 0.9742 294,12 0.0048 0.9998
20 283.81 277.78 0.6111 0.9781 285.71 0.0051 0. 9999
25 277.97 270.27 0.5278 0.9820 285.71 0.0051 0.9999
1 14.59 14.49 0.2391 0.9767 14. 64 0.2344 0.9967
HKHE, 10 144.38 144.93 0.3913 0.9960 144.93 0.0183 0.9998
(mg - L") 20 283.81 285.71 0.6286 0.9755 285.71 0.0058 0.9998
50 685.73 666. 67 0.9333  0.9779 714.29 0.0012 0. 9999
.y 1~2 285.71 277.78 0.6000  0.9885 277.78 0.0108 0.9997
),
- 2~4 283.81 277.78 0.6111 0.9755 285.71 0.0058 0.9923
i 4-~8 246.82 238.10 0.5952  0.9670 250. 00 0. 0044 0. 9999

PIRHE] 12 AR ] LB 3t S R A [R) 26 F T
H R ZH A X AR 7 2 R, ARG R B LR
B B BRI AW 3l 7 i e v SR,
HARSCEREAE0.96 DAL, XU, MeTeft- 254142
PR FER R AR A , T IR X 2 5 i o R
SRR T 0 B T L
S e B B R R E , — Bl 2 v AR R
I B2 RIS DR 0N, T LA A2 45 o o T 2 R ) A
sk U Y N B 7 8719 3 Bl N e G
HA S, SHEAHRIEE T 1 mg/ LA TN % SO mg/ L i, —2K5)

FIEAHR R KR 0. 239 1 AN 2= 0. 9333, 445 T3 4 1%,
XU A T B R 2 T AR SR B EA T, B T
ST (R MK SR R SRR SR, K
PR, R R, R ne, — sl )12
HORF I ABASAASK, UL AR X 4 A L o
RRFE R A RN, (R0 B R U, AR ok
W TR AN W — RT3 2 AR LA

(14 Q. F1Q, 55ME Qr 17 HUAL, R IAE PRI AR
FEEAET B 20°C Ah ,—Hah F1A MR 22 K T —
sl 12, BT LAAE IR AR A —2) Bl Jy AR ] L
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