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Efficiency and Mechanism of Nitrogen and Phosphorus Removal in Modified

Zeolite Wetland
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Abstract: To study the efficiency and mechanism of nitrogen and phosphorus removal for decentralized rural sewage in modified zeolite
wetland, the modified zeolite was applied as substrate into a combined process composed of anaerobic baffled reactor ( ABR) and
baffled flow constructed wetland (BFCW) , providing a new way for rural sewage treatment in Suzhou City. The study was contrasted
with zeolite wetland. The results showed that the modified zeolite wetland had high efficiency and stability of nitrogen and phosphorus
removal, and the nitrogen and phosphorus removal quantities of modified zeolite wetland were 1. 8% and 1 times higher than those of
zeolite wetland during the trial. The modified zeolite wetland mainly removed nitrogen and phosphorus by substrate adsorption, and the
main fractions of modified zeolite were Ca-P and Al-P. The oxygen-secretion and absorption of plants stabilized the water quality of the
effluent. The substrate adsorption was the main nitrification removal pathway in front of the wetland, and nitrification and denitrification
were the main nitrification removal pathways at the end of the wetland. The nitrogen and phosphorus adsorption capacities during the
pilot test were much higher than those of the static test. The optimization of phosphorus adsorption capacity for modified zeolite was
achieved under the synergy of multiple pathways. The effect of configuration and plant root was the main reason for the difference of
nitrogen and phosphorus adsorption quantities. Nitrification intensity led to the seasonal fluctuation of nitrogen removal effect and
stability in modified zeolite wetland, and the low nitrification intensity in the front of wetland was related to the strong adsorption of
NH," -N by the modified zeolite.

Key words: modified zeolite; constructed wetland; nitrogen and phosphorus removal; efficiency; mechanism; decentralized rural

sewage
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Table 1 Physical and chemicalproperties of zeolite

and modified zeolite

ok by plgdsyiPa
FitE/mm 4-~8 4-~8

23 B/ % 45.0 46.0
e/ kg m 3 1084 1066
TP/mg-g " 0.111 0.027
FHHLP/mg-g ™! 0. 008 0. 001
FeHL P/mg-g ! 0.103(100% ) 0.026(100% )
WPE P/mg-g ™! 0.002(1.80% ) 0(0% )
Al-P/mg-g ! 0.062(55. 86% ) 0.012(46.15% )
Fe-P/mg-g ! 0.003(2.70% ) 0.002(7.69% )
0-P/mg-g~" 0.008(7.21%) 0.006(23.08% )
Ca-P/mg-g~" 0.028(25.23% ) 0.006(23.08% )
TN/mg-g " 0.198 0.034
Si/mg-g ! 0. 342 0.307
Al/mg-g ™! 0. 025 0.028

1.2 RIS KOk
1.2.1 % E

BFCW JZ i (& 1) H PVC Bl AL, K x 58 x
B 135 mx0.3 mx1.0 m, FAEAKX , 4bBEXHI
ARIK XA R, AR EE 4051 0.1, 1. 05 F10. 15 m,

PN BN # VEAE — A, rh ] DA RS o B R e 4 1 1A
Wa T, e Em B AL PR, ABR H /K& 1] LR 2
THEHITE A BFCWs H A K X FIE K X 2 h
WA, NEB I FE G = R U0 A (RiAR 30 ~50 mm),
PARIA) AR K AR K, 7K KA R 0. 55 m, 1E H K 9%
25 em. HE KGR TOUCE AT LI5S 55 A, LA
KA AR,

%2 AEIEITHHE BFCWs EH3# kKB /mg- 1!

Table 2 Characteristics of BFCWs influent in different

operation periods/mg+L ™!

BRI CoD TN NH,’ -N TP Ss
BE 117.03  44.07 41.82 6.90 59.05
ES 83.20  38.43 36.27 4.31 70. 00
e 94.21  74.62 66. 32 7.68 76. 00
A7 184.01  82.13 70.23 8.58 102. 00
WK —ag o

— § ///74/ /////O .
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e
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SRR A
E1 BFCW #iERE
Fig. 1 Structure of BFCW
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Mo 2 98 NFERTE T 45 1 4R, AR BRUAS Vi Hh 5
NEFETN R RS IR R, &
TS NAEFEAE . mF ZERUR, B R AR
GBS, A N FRE. I3 I A A ) 458 4y
(A, 25384 0 I 3 AN TAT. LR A AR
Jo e A W 4 R i B VR AT A %o R T i
Wi

1 R B T A 15 AREURER A BUE 4
FI RS PR 3 BB AR e e R, i T
B BERILA 0T, LAk SR IE0RE G 08 () R BE £ %
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1.2.3 ¥k

JK¥E TN, NH, -N, NO; -N, NO, -N, TP, DTP,
P, COD Al SS 45 FUF ARy R F E S Anife ikt
TS A FH B8 B SR VS VR B SR 1%, EORHI 2 i 22 AR
F HCIO,-H,S0, ¥, #5191 45 4 7k H,S0, -
H,0, ¥, TTHLBEIE & 43 H R F AL 253K DR 32 45 5
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M = i(cii_cio)xvi (1)
M=M17+M2+(M3)+M0 (2)
TP HLAE Y 2 R AW

3 4
My = > Zm (1 -W,) + > Zm,(1 =W, (3)
=1 a=1
M R R B i

M, = (N - N,)m, (4)

My, = (P - Py)m, (5)

P=(3Sp)o (6)
SR T i

M= (Sr)xm (M)

= (300 (8)

= pV %)

Ao, M Ry rias 17 B a) I b X ¥ 7K U Y e B
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AERIE R, g5 M, S Hhialis 47 30 [A) 3 b 3l 3f H:
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n ARSI REL, Ay 7 R 9 43 R B R 95 R
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Z, W Z, 5y 5 B A SE N AR5 A% B B BT I A
Wi E, g kg™ m, Ml m, 4350 R B T A SE N A
PERE  kg; W, FW, 5350 B RS AR A A
HEKE, % 5 NFI P Ryikisi7 45 i s 5 ot &
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TN removal rate under different HRTs in BFCWs

MM, NH, -NIGE T4 1 sy i, SR
fik 52 TSI FE 43, BT TR A A AR . 255 1
PR J5, TN fffar © KR R R IR AR S 2 8] T Ht
ek B fnr B ORAIE H K K B 7 F, NH N B A AR
B, ORI B R 22, B0 A WA NH, N I
K AT A R NH, -NAEAE. A TR TN e
HLR 57 , V5 7K 55 308 f sf [) A, % o e oo e
ANFEo, RIS SERL P A B8 2548 /0N | 15 KR SR
e T 2 o e o (A N\ 4 S T
NH," -N#RZ) A7 1, 0 A28 SR e ) sk ]

fIK TN fifar i, ABR H R AL A HLAEFES 1
Bz IS BN AL, T8 H AP R
T AL = Wy, NH, -N & A, H 27 44
TR 5 7K 5 SEURRR 22 fie 1) SRS Bsf ) P VR 47 ZE AR
B, KL 7E = TN fafr i, L BR %R HLR A3 K2
J R 24 HLR =460 mm-d "B, TN /K i B 78
40 mg- L' Lh_E B 3 A 3 A0 e A 1 K
TN WL 5 mg- L'

K3 AARFEZET R TN 23RS TN % i i
)% %&. HLR =152 mm-d ' i, 2 TN i fif 7
3.84 ~9.67 g-(m*-d) ~'[E) P 3, FKZZE TN fifnf 15
6.75 ~16.65 g+ (m*-d) ~'[E s, MK TN i
i T ,10 AJRES 1 FREXT TN 9 22 SRR T 4
HIE, il fig SHa pyaksi g KA L0

ZRKPIZEHE K TN S AT, PSR A< 2= TN
FBRARUE B 0K TR & 2R AR, 1 4 g

100 —
99 |-
ﬁ *
o8 | “ E' NG Kﬂ N ap
97 (- ™ ] a9 ® 0t
. % | Y. e
&
% 95 | .
% 94 |-
93 | ¢ mEE
o | A ®F
o | @ EctERTI .5
90 | | |
4 8 12 16 20
100
<P r L VN SN ab
% 8 A ey e, .
& 97 . .
oo | (b) PmiH .
95 1 L 1
4 8 12 16 20
SR e 7 /g (m*d)!

B3 AREFFTINEZRES TN REHRFTHXER
(HLR =152 mm-d ")
Fig. 3 Relationship between inlet TN surface loading and
TN removal rate of BFCWsin different seasons

when the HLR was 152 mm-d !



584 AN 5%

Bt 2% 38 &

FIFRE AR TE PERRAR T JE X 5 A, S8k
PRI AR E A BT RRAR. A 2 0le i ke A 76 s 0 e
AR R BRI N 96. 73% F197. 74% , dhohk:
AT 2 PR AR 22 Rk AT X PO W Ak
BTk A, st A X6 PO MR E R ST
L LA, S T NH, AR 2T 1
APk T R SRR A LB T e BRI R s
1)z B .
2.2 AN

MR IFURIT R A B 1) U A R o LR 3, e
FORHLERS 1 B s SRR A R Lk R 2
T 17% Uk FE S0P i A8 P A AN 4 R B A A b B
T AT AR Y St BT SeBR R R R TR
FH, PIRR A TESS 1 B 00 R R o = TR S
B A5 200 A R . 5 A I 6
RE DS AEAR, LR 1T A B Fr /RS
SEURHZ i, SEURL G 280 2 LR 2R i 1 R B 30

6wt 57 AR R FH R Ay 33, TR B T B 2 AR

T P ol A7 6T NH, N A SR B I B fE
NH," -NFLFE AR b J5 A PR R A5 1 fR=
R, Ik R S R R A R A et A A
TRHE > A 87. 77% F1 81. 19% (K% B8 A Z vk /8
FEE 1 MR, HAEEA PR E L N2 R0 22 5%

PP S AR 2 B v I 2 it R it R
MR, UIANH, -NRLFHEASE 2 )R, BT
55 2 B S AT A 2 G 2 T ) AR VR B, X A
BrE2mEFEITmE, AXPHEEESS 3
b= —H BRI T)ZE > 2 > BEMEE, BIF)Z
W B 2 AR K. BCPE T A A5 B = B ATRY 3 AR
HORLRAEE T AR R RS AR T
i TCHUHAR RIGRAEE £ 11.59% , HUHAR R 1
ST AE AR O S [R] 2 HORVE e REHE il BE 21
RE, MRS = R 2, SR PRI S R ok,
ARTR] DX 3888 B 2 S 0 ) — IR R

#3 EMNEESEEZE /mgg

Table 3 Increase of TN in substrate of different areas in wetlands/mg-g~

1

i B1kE F2kE 3 mE

kA W S L2e] kA L2e]
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Fig. 4 Seasonal changes of nitrification intensity

in each part of modified zeolite wetland

55 3 B a2 AT AE Hh TUE L AR S R ) LR AL A
PR BERAR. b A W B R 5 22, W A TR AR 5 1
B2 12 B ok W % A A S B R B AT I TR
T I DX 7 Y b P 4 A P i s e e o A 1
S IOREREA

F4 ETHEBLERRES /%

Table 4  Distribution of nitrification in wetlands during operation/%
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LRV 0.16 1.54 12. 80 14.81  10.59 14.14
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Table 5 Comparison of three main nitrogen removal

pathways in modified zeolite wetland/%
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Table 6 Relationship between inlet TP surface loading and TP removal rate of BFCWs in different seasons when the HLR was 152 mm-d ~!
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Table 7 Increase of TP in substrate of different areas in wetlands/mg-g~

1
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Table 8 Total content of different phosphorus fractions in

modified zeolite wetland and zeolite wetland
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Table 9 Distribution of different phosphorus fractions in compartments of modified zeolite wetland
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