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Studies on nitrogen and phosphorus removal in new combined
substrate subsurface constructed wetlands

TAN Hong-xin' , LIU Yan-hong"?, ZHOU Qi’, YANG Dian-hai’

(1. College of Life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China;
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Abstract ; Effluent of urban wastewater treatment plant operated under ANOXIC-OXIC process was treated by
new combined substrate subsurface constructed wetlands in pilot-scale for studying efficiency of nitrogen and
phosphorus removal. Resulis indicate that, when COD area load rate, TN area load rate, TP area load rate
and hydraulic retention time (HRT) are 8.7 =22.1 g/(m* - d), 7.29 ~24.28 g/ (m’ +d), 0.94~1.84
g/(m’* - d) and 0.48 ~0.59 d respectively, (Dduring start-up periods, COD removal efficiency, area load
removal rate and removal kinetic constant are 30.3% , 6.63 g/(m” - d) and 0.23 m/d respectively. SS

removal efficiency is 45.5% . Removal efficiency of ammonium nitrogen, nitrite nitrogen and nitrate nitrogen
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are 9.3% , 40.0% and 25.0% respectively. Removal efficiency, area load removal rate and removal kinetic
constant of total nitrogen are 14.9% , 3.63 g/(m’ - d) and 0. 10m/d respectively. Removal efficiency, area
load removal rate and removal kinetic constant of total phosphorus are 92.4% , 0.93 g/(m” + d) and 0. 94m/
d respectively. (@during stationary state periods, COD removal efficiency, area load removal rate and removal
kinetic constant are 33.9% , 2.98 g/(m’ - d) and 0.24m/d respectively. SS removal efficiency is 50. 0% .
Removal efficiency of ammonium nitrogen, nitrite nitrogen and nitrate nitrogen are 50. 2% , 41. 9% and
24.7% respectively. Removal efficiency, area load removal rate and removal kinetic constant of total nitrogen
are 29.9% , 2.19 g/(m® + d) and 0. 18m/d respectively. Removal efficiency, area load removal rate and
removal kinetic constant of total phosphous are 90.5% , 0.89 g/(m’ - d) and 0.86m/d respectively. TN
area load removal rate and removal kinetic constant are linearly increased with the increase of total nitrogen
area load rate. TP area load removal rate is linearly increased with the increase of total phosphorus area load
rate, but TP removal kinetic constant increases according to exponential function along with increase of total
phosphorus area load rate.

Key words:shale; steel slag; subsurface constructed wetland ; nitrogen and phosphorus removal
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Fig. 1 The structural schematic diagram of combined substrate subsurface constructed wetlands
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1.2 BT LT
TSk ANOXIC-OXIC T2 /K5 80 U 8 5 /K B AT AL T30, 16 377
q( 7k 15275 %)0. 51 ~0. 64 m/d, HRT (7K S35 B i} (] )0. 48 ~0.59 d,
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K Bt bn 4% SRATR v I T B AT o
1.4 HRETEALHE4R
23R FA—GAETL 3N 77 AR RS IR b R O 1) 15 e vk BE W8 B B Ol o BIYS eYRA A
B I (] 3 R AT a2
¢, = ¢, exp( —K, - HRT) (1)
Heie,: KB LYWEE (mg/L) sc,: HEK P B RYEE (mg/L); K, : FRRAR EBREH
(d™") ;HRT K A28 et (d) . —In(c,/c,) BRLA HRT W15 K, {H.
R T A
c,/c, = exp( —k/HLR) (2)
Ho HLR K AHEAHAFE (m/d) sk HRAR ERFEH(m/d)
TSI E 452 (removal efficiency ) 42 ;

n=100 + (¢, —¢,)/c, (3)
V5 Yud ) T PR AT 5 28 (area load removal rate) A5
§=(c,-c,) - Q/A (4)

e, Q: #KAEKFE (n'/d) ;A B ER(m®) ,
2 RS

2.1 HIRIBMIEAKOK R RE

o6 2R G 3 K K S5 4 SR A W R B, VIR K (AR AL RN ER K RN & B REEY &
BEAK, 45 COD 1 SS 43514 24.9 mg/L F123 mg/L; RRUTHE N E, FHEAN 18.83 mg/L, 2
BIENT , TAA LSS (EESASEER) B £, BFEH 5K ANOXIC-0XIC T2 /5 3h#)
(2004 3 A -4 A) BT HEMADBEHER, ETZHKEAZUENEATNEE N F. #HKHhEY
COD/TN & 1.57,, #/KH4EHEBEN 2. 58 mg/L, LUEBSRRE N+, JR A FH COD EARH i TN H
FUn TR TP ARG 2R \HRT (K S = B iR ) 43504 :8.7 ~22. 1 g/(m® - d).7.29 ~24.28 g/ (m’ - d) |
0.94 ~1.84 g/(m” - d) 0.48 ~0.59 d,
2.2 WEIBHUB IR EL, C N P MBI s e

1 CAFEASERERIEHE SN B A EYR . SRRV EHERGE SN, BB 6
fRIF X COD F1 SS PHATELEE A 2Bk, COD I FEFRER A 30. 3% HARAMEIRHE R 6.63 g/(m® - d) X
NN %8 80N 0.23 m/d,SS M EBREN 45.5%  EAR WS EMEEEAN ZRE55HH9.3% |
40.0% #125. 0% , TN £ERFAL R 14. 9% H AT RERRIE 3.63 g/(m® - d) KB S22 W EH
0.10 m/doFrEE B ME T8, i Fius T 57K ANOXIC-OXIC T ZW7E )5 shw i, Hig L 1hfE
i RIEA, BB REHK AR UEEA A VLA £, MBI N RS R AN FEAM AL, X
BEMFTEB N AR EMRMER, e ThRE M R B R E R IR HA3.63 g - (m* - d) ™
i TN E AT AR, TERBMRAKHKFTRAENEASER S, BHER BB RAETER
YER . BB HifE B9 FESE A YL R FIML , b R 408 3l E BIRS AL E FZhRE FF 1R TR Ak, B A4
SR TRHEFRHESE. TP WERERN 92.4% WARRHERER0.93 ¢/(m® - d) , KB 12 F K
4 0.94 m/d, AT 3 B30 o EURHR B AL UTYE (A B T ) R SR SRV & SRR
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X1 FEASHEPBRIZEHBEIINEHLELNER(n=18)
Tab.1 Treatment effect of new combined substrate subsurface constructed wetlands

during start-up periods (n =18)

ECLa KB /me/L HIZKWRBE /mg/L RBRE /% ERHAFERE /¢/(m” - d) BIJIZEWE /md
COD 34.7+7.9 24.2 +5.8 30.3 6.63 0.23
sS 3324 18 £3 45.5 - -
NH,* -N 28.38 £3.08 25.73 £3.75 9.3 - -
NO,” -N 0.05 £0.05 0.03 +0.03 40.0 - -
NO;~ -N 0.24 +0.19 0.18 £0.07 25.0 - -
TN 38.19 £8.62 32.48 £7.26 14.9 3.63 : 0.10
TP 2.77 +0.43 0.21 +0.09 92.4 0.93 0.94

2.3 WRIBHBERZEITHE,C NP T s baUF

2 HHRE AR R IB R A E T B i A B AR . S5 RR, BT 75 7Kk ANOXIC-OXIC
Tk Fa e 3R, JB itk COD A54bTE 12.3 ~24.2 mg/L Z[A],SF# 17.1 mg/L, COD £ERER N
33.9% ,HARAFAERE R 2.98 ¢/ (m” - d) ,KBEHHFHECH 0.24 m/d, SS EBREN 50.0% , K2
B S K P R E NSNS, BA. U EMM AN EBRESFH 50. 2% (41. 9%
24.7% ,TN EBRHN 29.9% , WA AR EBREHN 2.19 g/(m’ - d) KM% HEH 0. 18 m/d, HR
MK BB RS EN (5 TN 70% L b ), & RGN ZHIEFR K C/N HAE, BT
MY EEFREBEEF FZMAKENR AR TP BEBRFENRN 9. 5% . HRA M ERER
0.89 g/(m® - d) , RIS FIEHECHR 0.86 m/d, 3K I AT F BB TR T B 68 B 0, SR BRBEAL
BRI, XA 7 AR A, DI R, B TR S AL B, BRI e Wk
Drizo 25 BF 9T 0A , @it 4 JE M7 TA0HE , ATIRE 74% B R EFAE ST o

R2 FEASEHMNEBEREHMESESTHRILGERR(n=10)
Tab.2 Treatment effect of new combined substrate subsurface constructed wetlands

during stationary state periods {n=10)

HiR BAKWREE /mg/L KRB /mg/L EKRE /% ERAFERE /g/(m® + d) BN /m/d
CoD 17.1x2.7 11.323.3 33.9 2.98 0.24
ss 26 +8 13+3 50.0 - -
NH,* -N 2.77 £2.89 1.38 +1.40 50.2 - -
NO,” -N 0.310.31 0.18 £0.21 41.9 - -
NO; ~ -N 10.65 £3.56 8.02 +2.58 24.7 - -
TN 14.33 +3.24 10.04 +1.91 29.9 2.19 0.18
TP 2.72+0.43 0.26 +0.09 90.5 0. 89 0.86

2.4 BEWAEHARSETTHB, TN 1 TP mAR AT £ BR R K& 3h 2 WAL S R AR i f 56 &

Bl 3 2 TN mARAFT L BRR KB WG HERAG AR R 45RRY], B TN [ AR 57 5 55
i, TN EFR G A SRR R B2 i, Rt R 5 =0.392 24 - 0. 673 5 (R* =0.951 5) . K TN HEFfi
RGN, TN Z5BR 30 A3 BRI, L R ANy y =0. 012 4x +0.084 2 (R* =0.738 2) ;
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Fig.2 The dynamic cure of nitrogen species in influent and effluent from subsurface flow wetland
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Fig.3 Relationships between TN removal rate, removal kinetic constant and TN load rate
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Fig.4 Relationships between TP removal rate, removal kinetic constant and TP load rate
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