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Chapter 14
Microbial Communities in Constructed 
Wetland Microcosms and Their Role 
in Treatment of Domestic Wastewater

Saroj Kumar, Bhanu Pratap, Divya Dubey, and Venkatesh Dutta

Abstract Microbial biomass is the main reducer for majority of organics and nutri-
ents. The aerobic region of constructed wetland microcosms (CWMs) is majorly 
characterized by presence of Nitrosomonas and Pseudomonas spp. The diversity of 
ammonia-oxidizers mainly Nitrosospira sp. is higher in CWMs designed to treat 
domestic wastewater as compared to other bacteria studied. The activity of enzymes 
within CWMs is a key indicator towards role of microbial community. Rhizospheric 
region has diverse elements that comprises minerals, sugars, vitamins, organic 
acids, polysaccharides, phenol and various other organic materials that encourages 
the microbial groups to degrade wastewater pollutants. The presence of macro-
phytes has significant effects on microbial richness and community structure. The 
root exudates liberated by macrophytes are also able to alter the richness and diver-
sity of the microbial population. The decomposition rates of microbes become slow 
as temperatures drop, which can be optimized by increasing the size of wetlands to 
accomplish the slower reaction rates. The pH of wastewater has also a strong effect 
on various microbially mediated reactions and processes. Temperature, hydrologic 
conditions, macrophytic diversity/richness and biotic succession strongly impact 
the microbial community structure. A little alteration in the diversity or community 
structure of the microorganisms directly affects the treatment performance of 
CWMs.
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14.1  Introduction

Water scarcity is the major driver of wastewater reclamation, particularly in arid and 
semi-arid zones. Reclamation of wastewater has turned out to be an alternate source 
of water supply for several non-potable requirements in several countries including 
the USA (US Environmental Protection Agency (US EPA), National Risk 
Management Research Laboratory, US Agency for International Development 
2012; World Bank Group 2013). In the USA, around 7–8% of wastewater after 
treatment through Constructed Wetlands (CWs) has been reused mostly for agricul-
ture and urban irrigation (US Environmental Protection Agency (US EPA), National 
Risk Management Research Laboratory, US Agency for International Development 
2012). In North Africa, majority of wastewater reused in agriculture and for land-
scaping entails many undesirable effects on human and ecosystem health (World 
Bank Group 2013). In the United Arab Emirates (UAE), majority of the wastewater 
treatment is  followed by biological means and utilized to reform the landscape 
(AlMulla 2016). Around 70% of wastewater generated from household activities in 
Israel has been reused for several activities (US Environmental Protection Agency 
(US EPA), National Risk Management Research Laboratory, US Agency for 
International Development 2012).

Many water reuse programs were initiated in the USA towards expensive nutri-
ent removal mechanisms from secondary wastewater, consequently removing or 
decreasing wastewater discharge. Climate change and environmental sustenance 
concerns play a key role in reclamation of wastewater (Tram Vo et al. 2014). During 
previous decades, policy developers in several nations have expressed plans/guide-
lines favoring development and implementation of projects linked with reclamation 
of wastewater. World Health Organization (WHO) provided guiding principles 
related to human health by the wastewater used for agricultural and aquacultural 
activities in 1989 which was amended in 2006 for the proper and safe use of waste-
water (WHO 2006). Around 30 states and one territory of US till September 2012 
have implemented guidelines and 15 states have designed standards that adminis-
trate water reuse. China has reformed its water policy to boost the utilization of 
treated wastewater (Chang et al. 2013).

The Australian council of engineering and innovation has developed wastewater 
reuse guidelines for metropolitan wastewater improvements (Radcliffe 2006). The 
Royal Decree (RD) of Spain has recognized the legal charter for reuse of wastewa-
ter (Vera et al. 2013; Avila et al. 2015). Constructed wetland microcosm (CWM) is 
a shallow basin occupied with substrate material, generally soil, gravel, or sand, and 
planted with macrophytes that can adopt indigenous climatic settings and stand with 
waterlogged situations (Kumar and Dutta 2019a). A working model of CWM is 
shown in Fig. 14.1. The microbial biomass is the main known factor for removal of 
organics and nutrients. Particulate and dissolved organics are actively converted 
into CO2 and water by bacteria, fungi and actinomycetes. Macrophytes play a vital 
role in removal processes by diffusing atmospheric oxygen (O2) into their root sys-
tem that  are used by the microbes to decompose wastewater contaminants. 
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Macrophytes provide several functions such as stabilization of the surface of beds, 
clogging prevention, offers opportunity for physical filtration, insulation during 
winters, and provide surface for microbial attachment (Valipour and Ahn 2016).

Basically, the contaminants removal comprises three processes namely biologi-
cal, physical and chemical methods. Physical processes comprise mainly filtration 
and sedimentation. Chemical processes include bio-transformation, dividing union-
ized and ionized acids and bases, cation exchange, solubility of solids and gases. 
Nitrification, denitrification, photosynthesis, respiration, fermentation, and micro-
bial phosphorus eliminations are biological process (Mitchell and McNevin 2001). 
The functions of CWMs are extremely dependent on microbial population such as 

Fig. 14.1 CWM units working successfully for the treatment of domestic wastewater at Babasaheb 
Bhimrao Ambedkar University, Lucknow
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bacteria, fungi and protozoans and their metabolic rate (Wetzel 1993). Pollutants 
transformation is the major microbial mechanism which directly takes part in 
 treatment of wastewater and alters the redox potential of the substrate (Kumar and 
Dutta 2019b). In fact, microorganisms self-sustain according to the features of 
 supporting media and remain in dormant stage for several years if ecological condi-
tions are unfavorable (Hilton 1993). It is known that noxious elements like heavy 
metals and pesticides might have deleterious effects on microbial population pres-
ent in a CWM.  Activity of microbes also gets influenced by the oxygen in the 
root zone.

Rhizospheric region is well known for their rich microbial activities such as mac-
rophyte–microbe interactions and interaction with supportive materials and pollut-
ants. It is the area where majority of biological reactions take place because of close 
interaction among supportive materials and roots of macrophytes. It is also recog-
nized as a region with diverse elements such as minerals, vitamins, sugars, organic 
acids, phenol, polysaccharides, carbon compounds and enzymes and various other 
materials that encourage the microbial groups to degrade organic pollutants (Bertin 
et al. 2003; Faulwetter et al. 2009; Miersch et al. 2001). A diverse range of microor-
ganism groups perform and influence the performance of CWMs (Dong and Reddy 
2010; Ibekwe et al. 2003; Long et al. 2016). Mobilizing of nutrients is facilitated by 
the rhizodeposition products. Hoffland et al. (1992) evaluated that the solubility of 
iron and phosphate was increased by organic acid produced by different plants under 
nutrient limiting conditions; therefore, the nutrient uptake capacity of macrophytes 
is improved.

Microbial population used organics as substrates and expelled vitamins to 
encourage growth of microbes that is known as ‘rhizosphere effect’. Microorganisms 
attached with the substratum develop biofilms that are habitually present inside a 
self-produced medium of extracellular polymeric substance (EPS) (Kumar and 
Dutta 2019b). Most of nitrogen from wastewater is removed by microbial commu-
nities by influencing anammox and nitrification-denitrification mechanisms within 
CWMs (Kröger et  al. 2012; Oehl et  al. 2004). However, removal of phosphorus 
through mineralization and immobilization is also partially affected by microbial 
activities (Truu et al. 2005).

14.2  Microorganisms in CWMs and Their Role in Treatment 
Process

Characterization of the microbial groups in CWMs offers valuable information 
about understanding their role in treatment efficiency (Zhong et  al. 2015). The 
microorganisms require 75–100  days to develop communities in CWMs system 
with sand filters (Truu et al. 2009; Weber and Legge 2011), in which denitrifying 
bacteria take 75 days and ammonium- oxidizing bacteria require 95 days for their 
development (Wang et al. 2016). Polymerase chain reaction-denaturing gradient gel 
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electrophoresis (PCR-DGGE) is an advantageous tool for evaluating diversity of 
microbial community and their structure in CWMs (Ibekwe et al. 2003). This tech-
nique was firstly applied by Muyzer et al. (1993) in microbial ecology, and later by 
Adrados et  al. (2014) to evaluate the structure of bacterial community in CWs. 
Additional significant mechanism is microbial biomass carbon (MBC) that is gener-
ally used to measure microbial biomass.

MBC is a subsidiary method to measure the microbial density and has been con-
sidered to be a valuable parameter for assessing the contaminant removal effective-
ness in CWs (Truu et al. 2009). Therefore, the MBC can offer meaningful information 
about the microbes in CWs. However, several studies on MBC have been directed 
toward their relevance to environmental factors, such as land use, macrophytic spe-
cies and seasons (Calheiros et al. 2009a, b). Earlier findings revealed that the micro-
organisms show diverse characteristics for the elimination of contaminants (Ahn 
et  al. 2007; Krasnits et  al. 2009). These microorganisms have been regarded as 
the main determining factor for water quality enhancement (Calheiros et al. 2009a, 
b; Faulwetter et al. 2009). Several other factors such as temperature, macrophytic 
diversity (Zhang et al. 2010, 2011a, b), hydrologic conditions (Mentzer et al. 2006; 
Steenwerth et al. 2006), and biotic succession (Kent et al. 2007) impact the structure 
of microbial community. The quantity of oxygen and root exudates useful for micro-
organisms in the rhizospheric zone has been found to differ by macrophytic species 
(Laskov et  al. 2006). Majority of bacterial population is found in the rhizo-
sphere region.

Several studies reported that the Nitrosomonas species is dominant in the plant 
roots zone, increasing the removal of nitrogen (Puigagut et al. 2008). Appropriate 
macrophyte species is vital to determine the microbial structure that is eventually 
responsible for the removal process. It is reported that the macrophytes which are 
able to  tolerate high salinity (halotolerant), advance the treatment efficiency  of 
CWMs (Wiessner et al. 2005; Wu et al. 2009), through liberating oxygen and mak-
ing healthier environments for aerobic halotolerant microorganisms (Wu et al. 2012; 
Xiong et al. 2011). The arrangement of microbial groups in different zones of soil 
substrate in CWMs designed for the treatment of domestic wastewater was observed 
by Truu et al. (2005). Later they found that the wetland depth is a key component 
that affects the activity and community structure (Truu et al. 2009). Several previous 
investigations have reported microbial diversity in laboratory scale as well as in full- 
scale CWs (Calheiros et al. 2009a, b; Krasnits et al. 2009; Sleytr et al. 2009; Dong 
and Reddy 2010; Zhang et al. 2010).

However, the information about how the diversity of microorganisms changed in 
the long-term operations is still inadequate (Adrados et al. 2014). The roots of mac-
rophytes play a central role in developing structure of bacterial community 
(Faulwetter et al. 2013). Zhang et al. (2011a, b). It is confirmed that root exudates 
of macrophytes such as Thalia dealbata inhibited the growth and development of 
the Cyanobacteria. Presence of excess nutrients and other noxious substances in a 
wetland system distresses the biofilms and their arrangements (Calheiros et  al. 
2009a, b). The study carried out by Llanos-Lizcano et al. (2019) characterized a 
total of 180 (65 anaerobic and 115 aerobic) heterotrophic bacteria from rhizosphere 
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of C. articulatus and Thalia geniculata together with non-planted constructed wet-
land, in which water flows horizontally.

Peralta et al. (2013) also described parallel outcomes about the bacterial com-
munities in different types of constructed and natural wetlands; they also found that 
the α-Proteobacteria was the most dominant class, followed by γ-Proteobacteria and 
β-Proteobacteria. CWMs with different phosphorus loading rates were character-
ized for microbial populations by Ahn et al. (2007) using length heterogeneity PCR 
(LH-PCR) relay on the 16S rRNA gene. The outcome of this study was that the 
sediment has abundant α-Proteobacteria (about 48–60%) and then Actinobacteria 
and Firmicutes and remains constant throughout the study. Several other researchers 
have evaluated numerous connections between bacterial diversity, pollutants load-
ing rates and removal efficiencies in CWMs (Wu et al. 2016; Zhi et al. 2015; Zhang 
et al. 2016).

14.3  Microbially Mediated Reactions in CWMs

The filtration is the most significant removal mechanism working in CWMs, 
whereas some microorganism-mediated procedures, biochemical networks, sedi-
mentation, volatilization, photodegradation, sorption, transpiration flux and plant 
uptake also enhance the performance (Bitton 2005; Morvannou et al. 2014). It is 
reported that some bacterial populations in animal waste actively function for 
decomposition of several organic compounds and to suppress pathogens. One such 
bacterial group namely chemolithotrophic ammonia-oxidizing bacteria take part in 
several chemical and biological breakdown of ammonium. They are responsible for 
conversion of ammonium (NH4) to nitrate (NO3) through nitrogen cycling (Behrends 
et al. 2001; Ansola et al. 2014). Oved et al. (2001) reported the influence of urban 
wastewater on the function and community structure of these bacteria in soil sub-
strate via denaturing gradient gel electrophoresis (DGGE).

The result showed a substantial and constant change in the structure of commu-
nities of these bacteria with Nitrosomonas dominated effluent. It is also reported 
that the diversity of these ammonia-oxidizing bacteria mainly Nitrosospira sp. was 
higher in CWMs as compared to other bacteria studied. Therefore, it is evaluated 
that the diversity of ammonia-oxidizing bacteria inside a constructed wetland sys-
tem play key role on its stability (Rowan et al. 2003). Basically, there are six key 
biological processes employed in the treatment of wastewater; these are microbial 
phosphorus elimination, nitrification, denitrification, fermentation, respiration and 
photosynthesis (Mitchell and McNevin 2001). Wastewater that is heavily loaded 
with biological oxygen demand (BOD) and chemical oxygen demand (COD) is 
usually undergo oxidation and methanation process supported by oxygen and sulfur 
loving bacteria (Chan et al. 2008).

Oxygen enters into the deposits of the supportive materials with the assistance of 
macrophytic roots and produce an aerobic zone nearby roots. This region is charac-
terized by presence of Pseudomonas aeruginosa spp. and Nitrosomonas that are 
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accountable for the aerobic breakdown of contaminants. The anaerobic zone is 
characterized by the dominance of methanogens and sulfur degrading bacteria. 
Degradation of contaminants anaerobically involves mainly two-steps, first one is 
fermentation and the other one is methanogenesis (Cui et al. 2010; Pedescoll et al. 
2011). An ultimate characteristic of CWMs is that their roles are controlled mainly 
through microbial population and their metabolic rate (Wetzel 1993). Microbial 
population chiefly includes bacteria, fungi, protozoa, rind algae and yeasts. The 
biomass of microorganisms is a main reducer for majority of organics and nutrients. 
The activity of microorganisms converts several organic and inorganic materials 
into innocuous insoluble materials, and, changes the redox reaction (reduction/oxi-
dation) of the media material.

The transformations are either aerobic or anaerobic. Aerobic settings are com-
monly described to be more efficient for the removal of maximum organic contami-
nants. It is reported that the rate of nitrification-denitrification with two macrophytic 
species are much higher than CWMs with one or without macrophyte (Hua et al. 
2017). The macrophytic type, density and their distribution can affect contaminants 
removal due to alteration in bacterial communities and consecutive aerobic and 
anaerobic settings (Calheiros et al. 2010; Zhu et al. 2017). It is known that the lower 
concentrations of nitrogen can also affect the removal efficiency.

14.4  Seasonal Variability Among Microbial Communities 
with Respect to Macrophytes

The structure of microbial population may vary widely according to the change in 
environmental conditions. In summer season, Phragmites australis contained domi-
nant microbial groups (e.g., actinobacteria, bacteroidetes, and proteobacteria). 
However, unplanted units possess maximum photosynthetic bacteria and cyanobac-
teria (Wang et al. 2016). The richness of proteobacteria with Phragmites australis 
during winter season was >40% and intensely declined in unplanted units. Moreover, 
the abundance of cyanobacteria and photosynthetic bacteria declined in unplanted 
units. In both periods, bacteria remained more dominant in root zone as compared 
to supportive material. The occurrence of macrophytes has positive effects on rich-
ness of microorganisms (Wang et  al. 2016). Yovo et  al. (2016) demonstrate that 
T. geniculata are able to enhance dissolved oxygen through the well-developed aer-
enchyma. Maximum root diameter enables it to diffuse more oxygen into the sys-
tem (Longstreth and Borkhsenious 2000).

Various species of emergent macrophyte Cyperus excreted bactericidal exudates 
within rhizosphere (Alufasi et al. 2017), and evidence toward C. articulatus bacte-
rial exudates has been also documented (Caselles-Osorio et al. 2017). C. articulatus 
is able to allocate oxygen in excess to the rhizospheric region and offers an efficient 
elimination of nitrogen (>75%). Nevertheless, the outcomes with the similar species 
can differ according to season and operational conditions (Shelef et al. 2013). In 
CWMs, microorganisms are crucial agents  for biogeochemical reactions that 
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enhance water quality during the treatment process (Mitsch and Gosselink 2007; 
Saunders et al. 2013). A little alteration in the diversity or community structure of 
the microorganisms might directly affect the treatment performance of CWMs. 
During the winter, the activity of microbes produces sufficient warmness to prevent 
the bottom films from cold. The decomposition rates of microbes become slow as 
temperatures drop, thus, this can be optimized by increasing the size of wetlands to 
accomplish the slower reaction rates.

Tian et  al. (2017) reported that the bacterial diversity is negatively correlated 
with the organics and nutrients removal, particularly in summer season when the 
population size and diversity are high. Some bacterial populations are dominated 
by anaerobic facultative that can work actively under both anaerobic and aerobic 
situations with respect to unstable ecological environments. During unfavorable 
conditions, several microbial populations become inactive and can remain in this 
state for years (Hilton 1993). Faulwetter et  al. (2009) reported that the specific 
microbial group is responsible for the removal of particular contaminant. Hence, 
expanding the understanding about the organization of microorganism’s community 
is useful to disclose the contaminants removal mechanisms in CWMs. Most com-
mon anthropogenic wastewater contaminants and their effects on human and aquatic 
organisms are given in Table 14.1.

14.5  Enzyme Activity

The action of enzymes within CWMs has been observed as a key indicator towards 
the role of microbial populations involved in wastewater treatment (Mentzer et al. 
2006; Zhang et al. 2011a, b). The community structure of microbial populations has 
been correlated to specific enzyme activities (Zhang et al. 2006). Enzyme activity 
within soil substrate of a CWM (Kang et al. 1998; Martens et al. 1992) is considered 
as a significant factor for improving water quality (Freeman et al. 1997; Shackle 
et al. 2000). Functions of several enzymes within CWMs get influenced by various 
aspects such as biological factors (fauna, higher taxa and microbial communities), 
edaphic factors (nutrient composition, texture, pH, depth, organic matter content, 
etc.) and environmental factors (Zaman et al. 1999; Duarte et al. 2008; Reboreda 
and Caçador 2008).

The activity of enzymes might be altered by modifying the carbon supply either 
qualitatively or quantitatively to enhance the removal efficiency of CWMs (Shackle 
et al. 2000). They also described that supply of exogenous enzymes can improve the 
biodegradation processes. The actions of numerous enzymes including urease, 
phosphatase, protease and cellulase exhibited great dissimilarities over time. It is 
stated that the activity of urease was always advanced in CWMs developed with 
Phragmites australis as compared to other wetlands planted with several macro-
phytes. Activity of enzymes is inversely proportional to depth of soil (Aon and 
Colaneri 2001; Niemi et al. 2005) with maximum in the upper layer of soil substrate 
nearly for all wetlands. Root activity within rhizosphere presented a stronger asso-
ciation with enzyme activity.

S. Kumar et al.



319

Ta
bl

e 
14

.1
 

M
os

t c
om

m
on

 a
nt

hr
op

og
en

ic
 w

as
te

w
at

er
 c

on
ta

m
in

an
ts

 a
nd

 th
ei

r 
ef

fe
ct

s 
on

 h
um

an
 a

nd
 a

qu
at

ic
 o

rg
an

is
m

s

S.
 N

o.
C

at
eg

or
y

C
on

ta
m

in
an

t
E

ff
ec

ts
R

ef
er

en
ce

1
O

rg
an

ic
N

itr
og

en
A

lg
al

 b
lo

om
s 

in
 w

at
er

 b
od

ie
s,

 p
os

si
bl

y 
in

cr
ea

se
d 

ca
nc

er
 r

is
k,

 e
nc

ou
ra

ge
 in

fe
ct

io
us

 
m

ic
ro

or
ga

ni
sm

s 
su

ch
 a

s 
P

fie
st

er
ia

 th
at

 c
an

 c
au

se
 ir

ri
ta

tio
n 

to
 e

ye
 a

nd
 

m
et

he
m

og
lo

bi
ne

m
ia

 (
bl

ue
-b

ab
y 

sy
nd

ro
m

e)
 in

 b
ab

ie
s

B
oj

ce
vs

ka
 a

nd
 

To
nd

er
sk

i (
20

07
)

Ph
os

ph
or

us
E

ut
ro

ph
ic

at
io

n,
 h

ea
da

ch
e,

 g
as

tr
oi

nt
es

tin
al

 il
ln

es
se

s
2

H
ea

vy
 m

et
al

s
Z

n
A

ci
di

fic
at

io
n 

of
 w

at
er

, s
ki

n 
ir

ri
ta

tio
ns

, s
to

m
ac

h 
co

nt
ra

ct
io

ns
, v

om
iti

ng
, n

au
se

a,
 

an
em

ia
, d

am
ag

e 
to

 p
an

cr
ea

s,
 d

is
tu

rb
an

ce
 in

 p
ro

te
in

 m
et

ab
ol

ic
 r

at
e,

 r
es

pi
ra

to
ry

 
m

al
ad

ie
s,

 p
ro

ne
 to

 in
fa

nt
s 

an
d 

un
bo

rn

C
al

he
ir

os
 e

t a
l. 

(2
00

9a
)

3
Pb

K
id

ne
y 

da
m

ag
e,

 a
ne

m
ia

 a
nd

 in
te

rf
er

en
ce

 w
ith

 h
em

og
lo

bi
n 

sy
nt

he
si

s
C

al
he

ir
os

 e
t a

l. 
(2

00
9b

)
4

H
g

To
xi

c 
to

 a
qu

at
ic

 o
rg

an
is

m
s 

lik
e 

fis
he

, n
eu

ro
to

xi
c

C
al

he
ir

os
 e

t a
l. 

(2
01

0)
5

C
d

Te
m

po
ra

ry
 r

ed
uc

tio
n 

in
 g

ro
w

th
 o

f 
fis

he
 b

y 
la

rv
al

 m
or

ta
lit

y,
 in

 a
ni

m
al

s 
in

te
ra

ct
s 

w
ith

 c
al

ci
um

 m
et

ab
ol

is
m

T
ru

u 
et

 a
l. 

(2
00

5)

6
C

r
Fi

sh
 a

re
 m

or
e 

su
sc

ep
tib

le
 to

 in
fe

ct
io

n,
 d

am
ag

in
g 

th
e 

tis
su

es
 o

f 
a 

nu
m

be
r 

of
 

in
ve

rt
eb

ra
te

s 
su

ch
 a

s 
w

or
m

s 
an

d 
sn

ai
ls

C
al

he
ir

os
 e

t a
l. 

(2
01

7)

7
H

yd
ro

ca
rb

on
s

Pe
tr

ol
eu

m
 

hy
dr

oc
ar

bo
ns

C
an

 d
am

ag
e 

liv
er

 a
nd

 k
id

ne
y 

se
ve

re
ly

, r
ep

ro
du

ct
iv

e 
cy

to
to

xi
ci

ty
 a

nd
 ju

ve
ni

le
 

ca
nc

er
s

C
al

he
ir

os
 e

t a
l. 

(2
00

9a
)

8
M

ic
ro

or
ga

ni
sm

s
H

ar
m

fu
l b

ac
te

ri
a

Se
ve

ra
l w

at
er

-b
or

ne
 d

is
ea

se
s

C
al

he
ir

os
 e

t a
l. 

(2
00

8a
)

9
V

ir
us

es
V

ir
al

 in
fe

ct
io

ns
10

Pr
ot

oz
oa

ns
A

m
oe

bi
as

is
, T

ry
pa

no
so

m
ia

si
s,

 D
ia

rr
he

a,
 L

ei
sh

m
an

ia
si

s,
 T

ri
ch

om
on

ia
si

s,
 

L
am

bl
ia

si
s,

 T
ox

op
la

sm
os

is
 a

nd
 M

al
ar

ia

(c
on

tin
ue

d)

14 Microbial Communities in Constructed Wetland Microcosms and Their Role…



320

Ta
bl

e 
14

.1
 

(c
on

tin
ue

d)

S.
 N

o.
C

at
eg

or
y

C
on

ta
m

in
an

t
E

ff
ec

ts
R

ef
er

en
ce

11
Pe

rs
is

te
nt

 
or

ga
ni

c 
po

llu
ta

nt
s

PC
B

s
A

ct
 a

s 
en

do
cr

in
e 

di
sr

up
tin

g 
su

bs
ta

nc
es

C
al

he
ir

os
 e

t a
l. 

(2
00

8b
)

12
Ph

th
al

at
es

 
(p

la
st

ic
s)

E
ar

ly
 s

ex
ua

l m
at

ur
at

io
n,

 lo
w

er
 o

ri
en

ta
tio

n 
an

d 
at

te
nt

iv
en

es
s 

in
 g

ir
ls

, l
un

g 
di

so
rd

er
s,

 
m

en
ac

e 
of

 d
ia

be
te

s,
 e

nd
om

et
ri

os
is

 a
nd

 d
is

or
de

r 
in

 n
or

m
al

 b
od

y 
fu

nc
tio

ns
C

al
he

ir
os

 e
t a

l. 
(2

01
4)

13
B

is
ph

en
ol

 A
 

(B
PA

)
L

ea
d 

to
 in

fe
rt

ili
ty

, a
ff

ec
t p

ub
er

ty
 a

nd
 o

vu
la

tio
n,

 c
an

 c
au

se
 ty

pe
-2

 d
ia

be
te

s 
by

 
in

su
lin

 r
es

is
ta

nc
e,

 h
ea

rt
 d

is
ea

se
, i

nh
ib

it 
th

e 
de

ve
lo

pm
en

t o
f 

br
ai

n 
at

 g
es

ta
tio

n 
an

d 
en

ha
nc

e 
th

e 
ri

sk
 a

ll 
ty

pe
s 

of
 c

an
ce

rs

C
ar

ba
lle

ir
a 

et
 a

l. 
(2

01
7)

14
Po

ly
cy

cl
ic

 
ar

om
at

ic
 

hy
dr

oc
ar

bo
ns

 
(P

A
H

s)

In
hi

bi
ts

 th
e 

no
rm

al
 w

or
ki

ng
 o

f 
th

e 
bo

dy
. P

ro
ne

 to
 im

m
un

ot
ox

ic
ity

, g
en

ot
ox

ic
ity

 
an

d 
em

br
yo

to
xi

ci
ty

C
ar

va
lh

o 
et

 a
l. 

(2
01

2)

15
E

m
er

gi
ng

 
po

llu
ta

nt
s

Ph
ar

m
ac

eu
tic

al
 

pr
od

uc
ts

R
ed

uc
tio

n 
in

 g
ro

w
th

 o
f 

aq
ua

tic
 o

rg
an

is
m

s,
 a

ff
ec

tin
g 

th
e 

re
pr

od
uc

tiv
e 

ra
te

s 
of

 fi
sh

 
by

 m
as

cu
lin

iz
at

io
n

C
as

el
le

s-
O

so
ri

o 
et

 a
l. 

(2
01

1)

S. Kumar et al.



321

Due to this stronger correlation, the activity of enzymes can get affected by mac-
rophytes root activity that significantly affects  the pollutants removal  efficiency 
(Kong et al. 2009). Macrophytes can also impact soil enzyme activity via altering 
species composition and diversity of microbes through excreting exogenous 
enzymes and liberating oxygen and exudates. They are also taking part in reactiva-
tion of free enzymes that possibly get deactivated and conserved by tannin com-
pound with several other substances in anaerobic region, through oxygenation via 
intensifying root structure (Neori et al. 2000).

14.6  Effect of Temperature on Microbial Activity

Numerous biogeochemical reactions that regulate the pollutants removal efficiency 
are greatly affected by temperature, consequently altering the overall performance 
of CWMs (Lee et al. 2009). Various environmental aspects showed annual cycles 
that facilitate the performance of whole system. Out of which, temperature of waste-
water is most significant. Atmospheric effects, such as rain, water reaeration and 
evapotranspiration also follow seasonal patterns (Kadlec 1995). Several distinct 
wetland processes, for example, microbially mediated reactions and decomposition 
of organic matter are greatly inhibited by temperature. It also has significant influ-
ence on nitrogen transforming processes such as nitrification, mineralization and 
denitrification.

The reactions for phosphorus sorption have lower temperature effect. The 
removal of nitrogen, phosphorus and particulate carbon by physical processes are 
not much affected by temperature. The water and temperature of surface soil within 
wetland system characteristically show both annual and diurnal cycles (Tanner and 
Headley 2011). The diurnal variations in wastewater temperature are around 5 °C 
for free water surface wetlands system (Kadlec and Reddy 2001). During warm 
periods, the average daily wastewater temperature is almost equivalent to the aver-
age daily air temperature (Garcı́a et al. 2003).

14.7  Effect of DO on Microbial Activity

The oxygen limited conditions favor methanogenesis and bacterial groups existing 
in humid and hot atmospheres, and  consume more oxygen than it diffuses from 
atmosphere (Hamilton et al. 1995). Therefore, CWMs are the perfect models for 
fermentation process with anaerobic conditions allowing easier breakdown of 
organics. The metabolic action of microbes in the rhizospheric region gets influ-
enced by the availability of oxygen (Chen et al. 2011; Saxena et al. 2019). The pH 
of wastewater in CWMs exerts a strong effect towards various reactions and 
 processes, together with biological conversion, separating ionized and unionized 
acids and bases, cation exchange and solvability of gases and solids (Niveditha 2019).
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14.8  Conclusion

One of the major characteristics of CWMs is that their roles are measured primarily 
by microbial population and their associated metabolic rate. The microbial biomass 
is the main reducer for majority of organics and nutrients. The activity of enzymes 
within CWMs has been observed as a key indicator towards role of microbial com-
munity in removing contaminants during the treatment process. The aerobic region 
of CWMs is characterized by presence of Nitrosomonas and Pseudomonas aerugi-
nosa spp. It is also reported that the population of ammonia-oxidizing bacteria 
mainly Nitrosospira sp. is higher in CWMs designed to treat domestic wastewa-
ter as compared to other bacteria studied. The presence of these bacterial popula-
tions inside a treatment wetland has a major effect on its stability. Microbial cells 
attached with substratum develop biofilms that are habitually present inside a self- 
produced medium of extracellular polymeric substance (EPS). Microbial popula-
tion use organics as nutrients  and expel vitamins and  several metabolites  to 
encourage growth of additional  microbes that is known as rhizosphere effect. 
Rhizospheric region has diverse elements that comprises minerals, organic acids, 
sugars, vitamins, polysaccharides, phenol and various other carbon-based materials 
that encourage the microbial groups to degrade organic pollutants.

The presence of macrophytes has encouraging effects on richness and commu-
nity arrangement of microorganisms. Several organic materials expelled  by the 
macrophytes in the root zone alter the microbial population dynamics. The pH of 
wastewater in CWMs has a strong effect toward various reactions and processes. 
The decomposition rates of microbes become slow as temperatures drop, thus, this 
can be optimized by increasing the size of wetlands to accomplish the slower reac-
tion rates. A little alteration in the diversity or community structure of the microor-
ganisms might directly affect the overall treatment performance of CWMs. Hence, 
expanding the knowledge about the organization of microbial community structure 
is  instrumental in understanding  about  the contaminants removal mecha-
nisms of CWMs.
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