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A simulation model based on Constructed Wetland Model No. 1 (CWM1) using the AQUASIM mixed reactor 
compartment as a platform was built to study the dynamics of key processes governing COD and nutrient removal in 

wetland systems. Data from 16 subsurface-flow wetland mesocosms operated under controlled greenhouse conditions with 
three different plant species (Typha latifolia, Carex rostrata, Schoenoplectus acutus) and an unplanted control were used for 
calibration and validation in this mechanis-tic model. Mathematical equations for plant related processes (growth, physical 

degradation, decay, and oxygen leaching), physical re-aeration, as well as adsorption and desorption processes for COD 
and ammo-nium were included and implemented alongside CWM1 in the AQUASIM software, while some CWM1 

parameters were adjusted to better fit the model predictions to experimental data during calibration. The simulation results 
showed that the model was able to describe the general trend of COD (R2 = 0.97–0.99), ammonium (R2 = 0.85–0.97) and 

sulphate (R2 = 0.71–0.93) removal in the wetland mesocosms and also in their controls (unplanted) through the 
experimental temperature range of 12–24 ◦C. Oxygen transfer by physical re-aeration was found to be 0.05 and 0.09 g m−2 

d−1 at 12 ◦C and 24 ◦C, respectively. The amount of root oxygen transfer was the highest for the planted mesocosms at 12 
◦C at rates of 1.91, 0.94, and 0.45 g m−2 d−1 in the Carex, Schoenoplectus and Typha mesocosms, respectively, indicating 
that COD of the bulk wastewater was removed mainly by anaerobic processes under the specific experimental situations. 

Measured COD removal was better in the planted mesocosms than in the control; differences were effec-tively modelled by 
varying the bacteria concentration. The sorption process was found to be important in simulating COD and ammonia 

removal under these experimental conditions.
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Nomenclature

b H rate constant for lysis of heterotrophic bacteria (1/d)
K H hydrolysis rate constant (1/d)
K OAMB oxygen saturation/inhibition coefficient for ace-

totrophic methanogenic bacteria (mg O2/l)
K SAMB acetate saturation/inhibition coefficient for ace-

totrophic methanogenic bacteria (mg CODSA/l)
K SFB fermentable COD saturation/inhibition coefficient

for fermenting bacteria (mg CODSF/l)
K SOASRB sulphate saturation/inhibition coefficient for ace-

totrophic sulphate reducing bacteria (mg S/l)
K X saturation/inhibition coefficient for hydrolysis

(g CODSF/g CODBM)
� AMB maximum growth rate for acetotrophic

methanogenic bacteria (1/d)
� ASRB maximum growth rate for acetotrophic sulphate

reducing bacteria (1/d)
� H maximum aerobic growth rate on fermentable COD

and acetate for heterotrophic bacteria (1/d)
� FB maximum growth rate for fermenting bacteria (1/d)
Y AMB yield coefficient for acetotrophic methanogenic

bacteria (g CODBM/g CODSA)
Y ASRB yield coefficient for acetotrophic sulphur reducing

bacteria (g CODBM/g CODSA)
Y FB yield coefficient for fermenting bacteria

(g CODBM/g CODSF)
Y H yield coefficient for heterotrophic bacteria

(g COD /g COD )
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Table 1
Sensitivity ranking and mean values of the relative sensitivity function of predicted effluent concentrations.

Relative sensitivity S A S F S NH S SO4 X S

<1 K SFB m, Y H, Kpl, � H � H20, K H, Y H, b H, K X
>1–10< Y H, w, � H, k S COD, K H,

� FB, Y FB,
Y ASRB, � ASRB, � AMB,
Y AMB, K SOASRB

10> � AMB, Y AMB, � H,
K SAMB, K OAMB

w, k S COD

S A: fermentation products as acetate; S F: fermentable readily biodegradable soluble COD; S NH: ammonium and ammonia nitrogen; S SO4: sulphate sulphur; X S: slowly
biodegradable particulate COD.

Table 2
Optimized parameter values and their correlation matrix.

Parameters Value in CWM1 (at 20 ◦C) Value in this work (at 20 ◦C) K H � ASRB � FB Y AMB Y ASRB

K H 3.00 0.58 1.00
� ASRB 0.18 0.31 −0.18 1.00
� FB 3.00 3.77 0.00 −0.33 1.00
Y AMB 0.03 0.04 −0.10 −0.13 −0.04 1.00
Y ASRB 0.05 0.04 −0.20 0.21 −0.47 −0.14 1.00

Table 3
The initial bacterial concentrations obtained in the model calibration with the upper and lower bounds around the estimated bacteria concentration (mg COD/l).

Temp (◦C) Bacteria group Total conc.

X Aini X AMBini X ASRBini X FBini X Hini X SOBini

12 67.1 58.8 14.4 1.2 363.3 2.9 507.6
16 79.4 58.3 6.7 55.4 138.0 2.1 339.8
20 37.9 71.3 7.0 37.0 83.7 2.7 239.6
24 35.0 95.3 5.0 50.3 45.0 1.0 231.6

% upper b 18.2
% lower b 18.6
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Table 5
Initial bacterial concentrations (mg COD/l) values of planted wetland mesocosms defined during simulations.

Set-up Temp (◦C) Bacteria group Total conc. (mg COD/l)

X Aini X AMBini X ASRBini X FBini X Hini X SOBini

Carex 12 52.6 202.0 15.3 15.2 296.6 30.4 612.2
16 79.5 185.8 6.7 56.5 138.0 17.0 483.5
20 38.4 135.0 6.7 63.4 45.3 4.4 293.1
24 35.0 95.3 5.0 50.3 45.0 1.0 231.6

Schoenoplectus 12 53.4 167.1 21.0 11.3 297.7 38.4 588.9
16 79.4 131.1 6.7 55.4 138.0 9.0 419.6
20 38.4 94.4 6.7 55.4 48.3 16.4 259.6
24 10.0 110.1 6.7 55.4 68.2 10.8 261.2

Typha 12 52.8 102.6 16.7 10.2 297.1 82.3 561.7
55.4
43.8
50.6
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in constructed wetlands. The goal of this work was
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anted mesocosms. Higher bacterial population was found
temperature that high temperature.

degradation was mainly through anaerobic processes
r these specific experimental conditions. SO4

2−-S was
as an electron acceptor for COD removal and was depleted
ly at the beginning of incubations.
-N was adsorbed on the gravel rapidly and further
ved when the mesocosms were drained and the gravel
sed to the air. Nitrification and plant uptake of NH4

+-N
ot contribute significantly to the decline of NH4

+-N in the
rimental mesocosms.
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r Description

Rooting depth
Matrix material porosity as fraction
Plant relative growth rate, function of season
Ammonium half-saturation coefficient for plant growth
Living plant biomass
Nitrate half-saturation coefficient for plant growth
First order plant physical degradation constant
Dead standing plant biomass
Decay coefficient for living plant material, function of seas
Root oxygen loss parameter as per day
Oxygen saturation concentration
Oxygen reaeration coefficient
First-order exchange rate
Empirical coefficient for COD adsorption
Concentration of sorbed COD
Specific sorption rate coefficient

oefficient Solid–liquid (ammonium) partition coefficient
Freundlich isotherm exponent
A.

cal equations for plant related process, physical re-aeration,
desorption processes as implemented in AQUASIM alongside the

Process rate

th NH4
+-N 1

d×eps
× Kpl × S NH

Kpnh+S NH × Xpi

th NO3
−-N 1

d×eps
× Kpl × S NO

Kpno+S NO × Kpnh
Kpnh+S NH × Xpi

radation 1
d×eps

× Kdegrad × Xpd

ay 1
d×eps

× bp × Xpi

gen leaching rate Krol
d×eps

× exp((S Osat − S O) − 1)

eaeration Kla × (S Osat − S O)

rption ω × (k S COD × X S − X COD )
Ad

adsorption alpha × S NH − X NH
PartitionCoefficient

1/m
)

Unit Value

m 0.5
0.27

1/d 0.033
g NH4

+-N/m3 0.3
g COD plant/m2 0–300
g NO3

−-N/m3 0.1
1/d 0.01
g COD plant/m2 0–300

on 0.002
m/d
mg O2/l
1/d
1/h 0.1–1
mgCOD kgsubstrate

−1 1–3
g COD/m3

1/d 2
l/kg gravel 3
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