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Relationship Between the Nitrogen Removal and Oxygen Demand in Constructed

Wetlands
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(1. Chinese Research Academy of Environmental Science, Bejing 100012, China; 2. Ingtitute of Geogrgphica Science and Natura
Reurce Research, Chinese Academy of Sciences, Bejing 100101, Ching)

Abstract :A dmplified modd of sequentid N tranformations and Snk was gplied to investigate the reationship between the nitrogen
removal and oxygen demand to verify the vdidity of full nitrificationdenitrification mechanism in a newly-built multi- stages
congtructed wetlands. Average net ratesof N mineraization ranged from 0. 01 to 0. 28 g- (m?- d) ~*, nitrification from 0. 50 to 1. 54
g- (m? d) ", denitrification from 0.41to 1. 13 g- (m?- d) " *(3.4% 35.4 % of measured N removal in different stage) and plant
asd milation from 0. 07 to 0.26 g- (mz- d) “lin the five tanks. Nitrification and denitrification occurred concurrently with BOD
remova , even in thefirst stage receiving the higher-strength wastewater. Surprisngy , net ared nitrification rates, was correlated
with BOD remova ratespostively. Nitrification rates were d corrdated linearly with average NH; -N concentrationsin the cascade
tanks The nitrogenous oxygen demand (NOD) required to support full nitrification of ammonia and mineralized Org-N in the
wetland wasin the ypper range of that expected to be able to be supplied through surface and plant-mediated oxygen trander. Sme
potentia aternative nitrogen removd pathways with reduced overall oxygen requirements that have relevance to constructed wetlands
were discussed.

Key wor ds:congtructed wetlands; nitrification; denitrification; nitrogen oxygen demand
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1 5 (2003-12 2004-04) ,
1.1 1 2.
(5 ) ( 1), 2
x =2.5mx0.5m 12 0.9m Table2 Hydraulic characteristics of the multi-stages wetland
1 2 lg (mz' d) - !
: ’ /em-d ! BODs TN NH;-N /d
345 0.6m, 1%, 3 12.143.3 3.7+1.3 3.2+0.4 12.5
1( ) 5 21.5+6.7 55+1.6 51+1.2 7.5
30 /m? 20cm (43 7 32.6+7.7 9.4%2.0 8.6+1.3 4.7
6mm) , 40cm (410 25mm) , 20cm (12
35mm) ; 2 60 /m?, 1.3
15cm (4¢3 6mm) , 40cm ES] 1 /ad,
($10 25mm),  20cm (#12 35mm); 3 2 h : BODs TN
> 20 NH;-N NOs;-N NO;-N DO ORP. ON =
| m2 : 45 . TN- NH{/-N- NOs-N- NO;z-N. :3
10cm (3 6mm) , 40cm (410 25mm) , ’ [::] 85
10cm ( ¢12  35mm) , ' H2S0s H20, '
(16 /1 m?) (12 /1md). 12 1.4
0.7m, 345  0.6m. ( )
; 1. , ,
S0em Soom 1 000mL , 1000mL
. 3 . ;
4 [ é Y ) 24 h 3d
I | / \|/ i 1
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' \‘!/ /T o e
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Y4 v ee A
‘ oy
J Ny . ( ’
Whvivie o 4| ¢ y
\QU i@ wily oy 3 ) : ,
\ VAL A /:9 BODs NHs/-N TN .
, , NH;/-N TN
1 .
Fig.1 Schematic diagram of the experiment wetland NHZ'N -y =0.57028 + 0. 188 49 x
1 (R =0.81,p < 0.05)
Table 1 Characteristics of anaerobic ponds effluent TN:y =0.5236 + 0. 245 53 x
(R* = 0.87,p < 0.05)
CcoD/mg-L ~? 1030+263 [BODs mg-L ~* 402 £125 Y ( N )., (mz-d)'l;x:
NH/-N/ mg-L ' 10434 [NO3-N/mg:L ' 0.82%0.36 ( N ).,g (m*d %
NOz;-N/mg-L ' 0.01£0.006 [[TN/mg-L"* 125+35 12
veglL ! 1.21+0.32 |TS§g-L ! 1.50+0. 62
TP/ mg-L"?! 30.2+9.8 |jpH 7.5%0.5 !
1.2 (7
, 3 /d. 2.2



6 1085

3
Table 3  Purification ability of CW system at different hydraulic loading rates

1 2 3 4 5
/em-d"* -1 -1 1 -1 -1
/ mg-L /% /mg-L / % /mg-L / % /mg-L /[ % /mg-L | % | %
BODs 275.2 35.3 137.8 49.9 119.3 13.4 62.9 47.3 21.3 66. 1 95.0
NHs-N 75.6 28.9 48.8 35.4 42.3 13.3 25.6 39.5 14.4 43.8 86.5
3 NO;3-N 4.64 — 6. 22 — 7.1 —_ 1.87 — 3.7 —_ —_
TN 90.7 26.0 58.9 35.1 50. 6 14.1 35.3 30.2 20.1 43.1 83.6
DO 2.4 — 3.7 — 3.9 — 1.6 — 2 — —
BODs 302.6 31.3 182. 3 39.8 152. 3 16.5 79.8 47.6 38.9 51.3 91.2
NH4-N 80.1 28.7 53.3 33.5 52.9 0.8 38.5 27.2 21.6 43.9 80. 8
5 NO3z-N 3.78 — 3.6 — 3.9 — 1.5 — 1.3 — —
TN 94.2 28.7 60. 8 35.5 58.3 4.1 42.6 26.9 30.6 28.2 76.9
DO 2.2 — 3.6 — 4.1 o 1.5 — 1.6 — —
BODs 303.6 23.4 215.4 29.1 203. 6 5.5 136.5 33.0 59.9 56.1 84.9
NH4-N 83.3 21.3 68.9 17.3 66. 3 3.8 49.8 24.9 30.5 38.8 71.2
7 NO3z-N 4.25 — 4.35 —_ 4.4 — 0.8 — 2.2 —_ —_
TN 98.6 22.7 74.3 24.6 72.6 2.3 54.2 25.3 34.5 36.3 72.9
DO 2.1 — 2.5 — 3.1 — 1.3 — 3.3 — —
, 5cnv d
[8]
? L om
(1) ()=« +
+ ) QY
(2) = ( + ) HR
) . 9 YR
’ bl it
(3) = ( + )
NO,N - NO«N; 2
(4) NOD = 4.57 x Fig.2 Nitrogen processng modd schematic diagram
[10]
L 3
1.2%, . N , 4,
4 /g (m?d) !
Table 4 Summary of nitrogen remova rates and process rates g- (m?-d) ~*
1 2 3 4 5
TN 6. 61 4.71 3.04 2.92 2.13 1.32
TN 1.90 1.67 0.12 0.79 0. 60 1.02
0.28 0.3 0.04 0.13 0.01 0.15
1.54 1.34 0.08 0.50 0.58 0.81
1.13 0.99 0 0.41 0.52 0.61
0.35 0.3 0.08 0.25 0.18 0.24
0.12 0.14 0.03 0.09 0. 06 0.09
0.33 0.23 0.04 0.08 0.05 0.15
NOD 7.04 6.12 0.37 2.29 2.47 3. 66
TN . BOD ,
, . 4 3 , 6. 88

12 g (m-d *( 0, ) 1.54g (m*-d) *(
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NHs-N ), 45 2 2 ,
3 TN 34% 35.4%,
L . 0.08 1.13g- (m*d) " '(  4).
- 161 N , TN 59. 8 %.
=14t 6 3
& 12 s & (
;;.2: 445; ) 0.07 0.26¢g (m?-d) !,
£ ol 3 & TN  7.4% 33%, N
S oal 2 8 17. 6 %. ,
® 02} 41 A
0 1 1 1 0
1 2 4 5
Ji3E 1.2 R 100
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Fig. 3 adientsof ni i ;' \\\ 60 3
g Process gradients of nitrogen congtituents L0 06 - § &
and BODs tranformation § \ 40 W
# 04 ¢ § =
E o2 L % 20
3 BODsg ’ §§
0.93 0 A\ 0
4
! Fg.4 Ratio of nitrogen remova to TN removd by
denitrification and plants adsorption
12 2.3
BODs TN 3,
5.
5
Table5 Oxygen rdease rate of different wetland plants
DO / mg-L°? 5.5+£2.3 4.7+2.2 3.3+1.8 3.5%£2.1
I mg- (kg-d) ~* 73.33+30. 67 59.37 £27.79 59. 20 + 28. 80 29.14+18
[g- (m?-d) ~* 3.96+1.66 3.38+1.58 2.66+1.30 2.45+1.51
l = + +
+ -
52cm  58cm,
28cm  33cm, (121,

4.23 0.4 2.94 2.59 g- (m*-d) ..
. NOD ,
0.11g- (m?-d) **,
1g (m*d) ™
0 12g (m*d) %,

0.5 6g- (m?- d) M,

(2] NOD

14.78
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2 1
25 %,
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63 % (11
[14]
4
. 1.02g- (m*-d)"*, TN
77.3 %.
, TN
TN
N , TN
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