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ABSTRACT

In this study, nitrous oxide (N,O) emission was analyzed in a newly
developed baffled subsurface constructed wetland. N,O was collected
using a closed chamber. The effect of different loads and seasons was
investigated and N,O emission rate within 24 hwas obtained. In addition,
variation of N,O flux along the flow direction was tested. The results
indicated significant seasonal and diurnal variation. The peak of N,O
emission occurred in September, which is 393.21ug/m?ed; thelowest value
wasin January, which was 84.291 ng/m?«d. The maximum emissionwithin
a day was most likely occurred in the morning, whereas the minimum
value wasin the midnight. Thenitrous oxide emission a so varied obviously
along the flow direction. The highest emission was observed at the inlet
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of the wetlands while lowest value was at outlet of the wetlands.
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INTRODUCTION

Congructed wetland (CW) iswiddy utilizedinsmadll
townsandrura areafor itshygienic and environment
reasons, including low-maintenance-cost, easy-to-
manage,efficient and stable performance“®l. Pol lutant
removal inconstructed wetland isrelated to biological
pathwaysand no additional energy isdemanded. Con-
structed wetland isableto treat varioustypes of waste-
water and tol eratewastewater with high nutrientg*12,
Besides, constructed wetlands can enhance the envi-
ronment by planting ornamental plants?X. Two basic
typesof constructed wetland used for wastewater treet-
ment are surface-flow constructed wetlands and sub-
surface-flow constructed wetlands. According to the

water flow, subsurface-flow constructed wetland could
befurther classified into vertical flow constructed wet-
lands (VFCW) and horizontal flow constructed wet-
lands (HFCW). VFCW isefficient at oxygen transpor-
tation and it hasagreater capacity of denitrification,
However, neither VFCW nor HFCW could achieve
highremova efficiency independently duetotheir defi-
ciency in creating aerobic and anaerobi c environment
at thesametimet”18,

Compared to natural wetlandswhich areknown
asimportant carbon and nitrogen sinks?8, constructed
wetlands receive higher nutrient and organic matter
therefore they rel ease higher amount of greenhouse
gas. Numerous studies have proven that constructed
wetlands makeasubstantia contributiontothegreen-
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house gas emission(***41620, Nitrousoxide (N,O),
mainly produced during denitrification, hasaglobal
warming potential of 296 relativeto CO," and con-
tributes of global warming*3l. Methane (CH,), gener-
ated in anaerobic condition, hasaglobal warming po-
tential of 23 relativeto CO,I" and isresponsiblefor
25 % of global warming.

This study adopted anovel design for subsurface
congtructed wetland, which constructedvertical baffles
aonglength of thewetland thusachieving better flow
pattern’*, Conventiond congructed wetlandsusudly use
graded gravel asthegrowing medium, whilethisnovel
designed constructed wetland wasfilled enzymatic ma-
terid thusincreasethemicrobid attachment by improv-
ingitssrength, stability and specific surfacearea.

Thisstudy monitored theemission of N,Ointhis
baffled subsurface constructed wetland. Thispaper re-
portsabout N,O emission datafrom this constructed
wetland, and its emission pattern was establi shed thus
fundamentainformationfor evaluatingN,Oemissionin
Chinacould be provided.

MATERIALSAND MATHODS

Wastewater quality

Theexperimenta wastewater used domesticwaste-
water in Chongging University, Chongaing, China. The
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influent quality varied significantly according tothestu-
dents’ daily activity. Theextrarain water was added
proportiona ly to stabilizethewastewater quality when
high concentration of pollutantswas containedinthe
domesticwastewater. Thewastewater quaity waslised
inTABLE 1.

TABLE 1: Theexperimental wastewater quality

COoD
90-150

TN
17-32

TP
0.8-2

BODs
44-60

NHs-N
17-25

Theexperimental constructed wetlands

Pardleled wallswereconstructed ins dethe baffled
congtructed wetlandsand divided each baffled unitinto
400 mm in width. The slope of the bottom was 1 %
along thelength of the constructed wetlands. Thedia
gram of the baffled constructed wetlandswas showed
inFigurel.

Threelevdsof constructed wetlandsweredesigned
to adjust the experimental operation. For each level,
theeffectiveareawas 2.5 m? and height was 1 m thus
theeffectivevolumefor eachlevel was2.5m2. A trough
for reaeration was set between two levelsto increase
thedissolved oxygeninthewastewater. Thetroughwas
2.2mat lengthand 0.4 m a width. Different combina
tion of different levels could be chosen based onthe
des gned load.

Iad

Figurel: Thediagram of experimental constructed wetland

According to the preliminary experiment (Li,
2013), enzymatic material wasfilled to support the
plants and microbe. The diameter of the enzymatic
materia wasdecreased aong thelength thus prevented
the system from blocking. Smaller material wasused
at the end of the constructed wetland to enhancethe
microbe attachment.

The Cyperusalternifolius L. and Eichhornia-
crass pes (water-hyacinth) were planted. Thedensity
of C. alternifolius L. and water-hyacinth was 20 rhi-
zomes'm? and 10 rhizomes/n?, respectively. Nitrousoxide
(N,O) was analyzed using Portable HA80- N.O.
Treatment studies

The experiment was conducted in august, winter
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and spring. During each season, three hydraulicloads FromFigure2, it wasobviousthat N,Ofluxin au-
weredesigned to monitor the N,O emissionfromthe  tumnwasmuch higher inspring and winter. Thevaue
baffled constructed wetland, including high (0.35 m/d), ——

medium (0.25 m/d) and low (0.15 m/d) hydraulicload. @
And the system was operated for 25-30 days until it M e

reached stability in different seasons. Rainy dayswere ] P
avoidedinthisexperiment to guaranteethe accuracy. ﬂ\\“‘:{
Thehydraulicretentiontimewas 12-24hand organic £ 200+ A

load was2-6 kgBOD /m?d. ] W

{ugim

Nitrousoxide (N,O) wascollectedusingaclosed 3
chamber. Thechamber wasplacedongthecenter axle  ©_100 4
of theconstructed wetland to diminatethedifference e
. . ‘l == [ | =0.
along the width. The sampling was conducted from o B =T
August 2012 toApril 2013, twiceor threetimesaweek. i
Gas sampleswere collected at 10:00-11:00 and ana- ——————T——T—————T——7——1
|yzedatO 5 10 15 20 25 30 40 50 and 60 aftel’ 200 1000 1200 1400 1600 18300 20:00 2200
y ’ [} ’ ’ ) ’ time
enclosure. In order to obtain N,O emissionratewithin -
24 h, thegas sampl eswere measured every 2 h; whole- = 5
day monitoring was conducted once aweek. 1404 D/D‘G\ \:\ (b)
For water samples, BOD, and pH were measured PP o W
by HACH BODTrak and HACH sensor2, respectively. o \
Theconcentrationof TN, NH,*,NO,;,NO,andCOD =+ "] " N
were tested according to Standard Methods for the 2 ¢+ o - %
Examination of Water and Wastewater'™, = P T %
o] T
RESULTSAND DI SCUSSIONS * 5
ol | il Eiag |
o yaraulc loag = U, m/ gty
Seasonal variation of N,O emission fi, (L DJTBURE joad =.0. 0 G B“i}%
Thegaswascollected fromAugust, 2012 to April, 800 1000 1200 14.'00_ 1600 1800 2000 2200
2013. Monthly averagedatawerecalculatedtoobtain -~ - fme
theN_O flux ineach month. Theresultsunder themaxi- (©
2 - - - .
mum load wereillustrated in Figure 2. - B,x’i‘:_:[}_&“xq\
4,H_..-"" . Q
400 1 [_IN20 flux s KY-\':\\
350 4 o= \\.\\\
3 ]
200 L % 150 - \g\\
Zu] 5 N\
o0 p o, | 3\\\\
! = k%
=0 M | it ot = \])?\\
- o— hydraulic load = 0.25 m/d e
) r 0+ —— hydraulic lcad = 0.15 m/d é
0 . i . . ] . i . : i lEIG- i 10|[‘:CI : 12lt]0 I 14I00 I 16'00 I 1'00 I QDIDU d ?2lUCI )
5 islp A oy l:-n'il; i Feb e Aplll time
Aonths . . - .
. ) - . Figure 3 : Diurnal variation of N,O flux under different
Sgg;zz. Seasonal variation of N,O fluxin theconstructed hydraulicload in autumn (a),winté (b) and spring (c)
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dropped toitsbottom in winter, and in somemonitor-
ing dates, the dataindicated that N,O was absorbed
into thewetlands. Theplantsgrew vigorously in au-
tumn, and temperaturewasrdatively higher inthat time,
thusthetreatment capacity was stronger inautumn. In
winter, themicrobeswerelow in quantity and activity
dueto the cold environment, thewithered plantsalso
lead tolow purification ability; in spring, plantsand mi-
crobes started torevive, and therisentemperatureal so
contributed to improvement of treatment capacity. In
addition, vigorousgrowth of C. alternifoliusL in au-
tumn consumed large amount of dissolved oxygen, and
under low oxygen environment, N,Oisacommonin-
termediatein denitrification®9.

Figure2asoindicated significant differenceof N,O
flux indifferent months. During themonitoring period,
N,O flux reached its peak (389.25 ug/m*d) in Sep-
tember which thetemperaturewasthehighest; thelow-
est flux (84.29ug/m?ed) occurred in January, 2013,
which wasthe coldest month.

Day variation of N,O flux of constructed wetland

Day variations of N,O flux were analyzed under
different loadsand seasons. Theresults(Figure3a, b
and c) indicated theflux varied significantly withina
day.

FromFigure3, theN,Oflux variedinawiderange.
The constructed wetlands rel ease more N,O when
the hydraulicload was high; under the sameload con-
dition, theN,O flux reached itsmaximum from 10:00
t0 14:00. Inthisperiod of time, both temperature and
photosynthesi srate reached maximum within aday.
Plant stopped photosynthesis at night whilerespira-
tion became much stronger dueto lower temperature,
thusN,O emissionwas|ow even negative (i.e. sink)
a night.

Variation of N,O flux alongthelength

Gaswassampled dong thelength of the constructed
wetlands. Resultswere showed in TABLE 2, which
indicated that N, O declined along flow direction. Or-
ganic content was highest at theinlet of thewetlands,
adequate carbon and nitrogen source generated the high-
est N,O flux. Organic content aswell as carbon and
nitrogen source consumed during purification process,
thus N, O emission reduced.

CONCLUSION

TheN,Ofluxesinexperimenta wetlandsindicated
significant seasond and diurna variation. The peak of
N,O emission occurred in September, which is
393.21ug/n+d; thelowest v uewasin January, which
was 84.291 ug/m?d. Themaximumemissonwithina
day wasmost likely occurred inthe morning, whereas
theminimum vauewasinthemidnight. Thenitrousox-
ideemissondsovaried obvioudy dongtheflow direc-
tion. The highest emission was observed at theinl et of
the wetlands whilelowest value was at outlet of the
wetlands. Adequate carbon and nitrogen source pro-
moted nitrification and denitrification, thustheN,Oflux
increased.
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