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Treatment of polluted river water by a new constructed wetland
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ABSTRACT: A new constructed wetland was built to purify one polluted river in Taiwan, and this study was conducted
to evaluate the treatment efficiency of the wetland. Due to the very limitation of available budget, several water quality items,
which were stipulated by Taiwan’s Environmental Protection Administration for rivers, in the influent and effluent of
wetland were analyzed and evaluated. These items included water temperature, pH, DO, BOD,, TSS, and NH,*-N. The
results showed that the average removal rates of total (unfiltered) BOD,, TSS and NH,*-N were 36.9 %, 71.8 % and 47.1%,
respectively. With the HRT more than 3.4 days, the wetland could treat the polluted river water effectively. Longer HRT in
this wetland appeared no obvious improvement on the removal rate of TSS or NH,*-N. However, BOD removal rate
increased while the HRT (Hydraulic Retention Time) increased to about 5 days. In this wetland, the calculated mean first-
order reaction rate constant (k) for BOD, was 0.15/day with a standard deviation of 0.13/day and for NH,*-N was 0.24/ day
with a standard deviation of 0.18/day. It is also concluded that there is a linear proportional relationship between BOD
concentrations in the effluent of wetland and its influent mass loading rates, with the coefficient of determination (R?) of
0.6511. Similar result was seen for NH,*-N as well, with the coefficient of determination (R?) of 0.5965. TSS removal rate
was found to be linearly proportional to its influent mass loading rate, with the coefficient of determination (R?) of 0.4875.
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INTRODUCTION

Constructed wetlands can serve as wastewater
treatment systems and always consist of shallow ponds
or channels planted with aquatic macrophytes. They can
treat a variety of wastewaters by the microbial, biological,
physical and chemical processes (Hamilton, et al., 1997;
Reed, 2000; USEPA, 2000a; Garcia, etal., 2004; \oeks and
Rahmatian, 2004). Kovacic, et al., (2006) applied two
wetlands to effectively reduce agricultural non-point
source pollution, such as nitrogen, before it entered a
lake. One of the wetlands, with average retention time
between 10 and 14 days and average total N loading
between 38.8 and 61.6 kg/year, indicated the average total
N removal rate of 23 to 42 %. Both organic and nitrate
nitrogen appeared higher removal rates in this wetland.
However, it was found that the average removal rates of
ammonium nitrogen were negative. Similar results were
found in another wetland with average retention time
between 6.5 and 8 days and average total N loading
between 294.3 and 358.5 kg/year. Also, a similar result of
effective nutrient removal from a lake by two wetland
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cells was also found by Coveney et al., (2002). Although
many researchers have recently studied a variety of
pollution sources in river water or in the plants of aquatic
ecosystems (Alam, et al., 2007). Green, et al., (1996) used
pilot-scale constructed wetlands to treat the secondary
effluent from a sewage treatment plant for river reclamation.
The results of their study showed that the removal of
BOD and SS was very efficient with the hydraulic retention
time of 4 to 15 days and BOD loading of 1to 5.5 kg/0.1 ha/
day (= 1 to 5.5 g/m%day) The monthly average BOD
removal rate was higher than 70 %, and the monthly
average SS removal rate was higher than 85 %. However,
they also found that the removal efficiency of the nitrogen
and phosphorus compounds varied within a very wide
range from 95 % to 0 %. Jing, et al., (2001) reported that
constructed wetlands could effectively remove the BOD,
suspended solids and nutrients from highly polluted river
water. Sakadevan and Bavor (1999) also concluded that
the treatment efficiency of pollutants in a constructed
wetland could be improved by decreasing the hydraulic
loading or by increasing the hydraulic retention time. The
first order reaction equation used to express the removal
of BOD, and NH,*-N was shown as follows.
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where C; (mg/L) and C, (mg/L) are the pollutant
concentrationsin theinfluent and effluent, respectively.
k, (day™) is the first order reaction rate constant of
pollutant and t (day) isthehydraulic retention time. This
equation can also be expressed as the following one:

In(C—e)=—k t )
Co T

Jng et al., (2002) obtained the firg-order reaction rate
condant (k,) of BOD inafreewater surface(FWS) wetland
wasbetween 0.38 day*and 0.55/day, and that of NH,*-N
was between 0.88 day! and 2.28/day. However, the
artificial wastewater and the small-scale constructed
wetlandswere used in ther study. Duetotheriver water
quality in Taiwan becoming much worsein recent years,
Taiwan’s Environmental Protection Administration
(TWEPA) hasbeen activey propagating the natural and
ecologica treatment techniquesfor thepurification of river
water. Therefore, constructed wetlands have been
considered as one of the techniquesfor the treatment of
river water. In this study, we sdected a large-scale new
congtructed FWS wetland which was built to treat the
pdlutedwater of Ho-Bou-Yu Drainage Thisdrainagewas
located in the south of Taiwan and received the runoff
from swine farms or henneries and the domestic
wastewater from several houses nearby. According to
thewater quality dataof Ho-Bou-Yu Drainagefrom 2001
t02004 provided by TWEPA, themonthly average BOD,
washbetween 5.7 mg/L and 33.5mg/L, themonthly average
SSwas between 10.7 mg/L and 67 mg/L, and themonthly
averageNH,*-N wasbetween 3.93mg/L and20.8mg/L.. In
thisresearch work, we eval uated thetreatment efficiency
of thewetland by andyzing theweater quality of theinfluent
and effluent amost every month. Sincethis constructed
wetland could be claimed as one of thefirst large-scale
wetland for thetreatment of river water in Taiwan, many
operational data and control criteria needed to be
established. However, the congtructed wetlands always
reguired along timetoreach a gableoperationd condition.
Therefore, it is expected that the results obtained in this
gudy could providetheoperatorswith besic contrd criteria

MATERIALSAND METHODS
Description of the FWS wetland

Thewater in Ho-Bou-Yu Drainagewas pumped tothe
new constructed wetland with thetotal effectivetrestment
areaof 1.55 ha (= 15,500 n?). Thewetland was separated
into fivezonesin seriesand its monthly average influent

flow rate was operated between 3672 CMD (cubic meter
per day; m*¥day) and 5352 CMD. Thewater depth, theareg,
theeffectivevolume, and thehydraulicreention time(HRT)
of each zonewere described in Table 1. In thefirst zone,
emergent and near shore macrophytes were planted and
their covering rateto water surface areawas about 70 %.
Free-floating, emergent, and near shore macrophyteswere
planted in the second zone with their covering rateto
water surface area of near 90 %. In both zone 3 and
zone4, all kinds of freefl oating, emergent, submerged
and near shore macrophytes were planted. The
covering rate of aquatic plantsin zone 3 was about 20
%, and that was approximately 10% in zone 4. In the
fifth zone, emergent and near shore macrophyteswere
planted, and their covering rate to the water surface
areawasawayslessthan 5 %. All these aquatic plants
in thiswetland were popularly foundin local. Thefree
floating macraophytes included Nelumbo nucifera and
Ludwigia adscendens, and the emergent macrophytes
included Phragmites communis (Reed), Bacopa
monnieri, Scripus maritimus, Cyperus alterniflius
(Umbrella Plant), Typha orientalis (Cattail), and
Ludwigia x taiwanensis Peng. The submerged
macrophytes were Ceratophyllum demersum and
Egeria densa planch., and the near shore macrophytes
were Hedychium coronarium koenig and Cyclosorus
interruptus. After the treatment of wetland, thetreated
water was then discharged to the downstream of
drainage by gravity.

Analyses of water samples

After the wetland was congructed and stabilized for
several months, the influent and effluent water samples
werecollected and anayzed during aten-month period of
time. Dueto the limitation of financial budget, only the
influent and effluent grab samples of the wetland were
ool lectedd mogt twice per month. Theinfluent grabsamples
weretaken at theoutlet of the pumping pi pe (influent pipe
of thewetland), and the effluent grab samplesweretaken
at theoutlet of the discharged pipeof thewetland. Water
samples were measured for water temperature, pH,
dissolved oxygen (DO), BOD,, total suspended solids
(TSS), and NH,"-N, following the methods mentionedin
Standard Methods (Clesceri et al., 2001).

Data analyses
Theremoval efficiencies(r , %) of pollutantswere
calculated as:

Ch-C 3
0 ~€ 100% ®
Co

r =
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Table 1: Characteristics of FWS wetland

Wetland Zone Flow Rate between 3672 CMD and 5352 CMD
Items Zonel Zone 2 Zone 3 Zone4 Zone5 Total
Water Depth (m) 12 0.6 12 12 12
Area (m? 1800 1000 6300 4000 2400 15500
Effective Volume (m°) 2160 600 7560 4800 2880 18000
Hydraulic Retention Time (day) 0.4-0.59 0.11-0.16 1.41-2.06 0.90-1.31 0.54-0.78 3.36-4.90

Table 2: Water quality data of constructed wetland

iy fowme war | See TOOMOD | omdm TR W (O
Bvor (CMD)  (day) (15 5oy It B P day) Inf. Eff.  Inf. Eff.
2006.02.06 4351 4.1 0.28 6.4 6.3 -0.03 8.5 8.7 23.0 23.1
2006.02.13 4351 4.1 0.28 2.2 15.2 3.65 7.8 8.9 22.2 21.0
2006.02.24 4351 4.1 0.28 5.9 9.5 1.01 7.5 8.8 23.4 23.1
2006.03.07 5211 35 0.34 4.7 10.2 1.85 7.8 9.1 23.1 23.0
2006.03.21 5211 35 0.34 6.4 8.6 0.74 7.6 8.2 24.4 24.3
2006.04.06 5189 35 0.33 4.9 3.9 -0.33 7.7 8.2 24.3 24.4
2006.04.21 5189 35 0.33 6.8 7.8 0.33 8.0 8.4 23.5 235
2006.05.08 4686 3.8 0.30 55 8.3 0.85 7.5 9.2 25.1 24.8
2006.05.29 4686 3.8 0.30 4.5 2.6 -0.57 7.3 7.5 22.8 22.8
2006.07.20 4319 4.2 0.28 4.6 6.5 0.53 7.8 7.9 27.6 27.7
2006.07.30 4319 4.2 0.28 3.0 6.5 0.98 7.2 7.3 255 25.5
2006.08.15 4161 4.3 0.27 2.9 7.2 1.15 6.9 7.8 25.3 25.2
2006.09.01 3672 4.9 0.24 1.9 7.1 1.23 7.4 8.8 26.6 26.5
2006.09.18 3672 4.9 0.24 34 5.7 0.54 7.7 8.6 25.1 24.8
2006.10.03 5042 3.6 0.33 6.5 7.3 0.26 7.5 9.3 26.1 26.2
2006.10.24 5042 3.6 0.33 7.8 8.2 0.13 9.4 7.5 24.2 24.2
2006.11.12 5352 34 0.35 75 6.8 -0.24 7.4 8.3 22.2 22.0
M ax. 5352 4.9 0.35 7.8 15.2 3.65 9.4 9.3 27.6 27.7
Min. 3672 3.4 0.24 1.9 2.6 -0.57 6.9 7.3 22.2 21.0
M ean 4636 3.94 0.30 5.0 7.5 0.71 7.7 8.4 24.4 24.2
SD 539 0.47 0.035 1.83 2.71 0.98 0.56 0.62 1.56 1.70

The surface loading rate (S, m¥m?/day) and the mass
loading rate (M,, g/m?/day) were expressed as.
) Cnh %0,
= 4 _ 074

S =y @ My =— ©)

where Q, (m¥day) istheinfluent flow rateand A (m?)
is total surface area of wetland. In this study, all
statistical analyses of the data were completed by
using Excdl or SPSSsoftware (Jing et al., 2002; Garcia
etal., 2004; Wiessner et al., 2005), and thes gnificance
level of 0.05 was used in the ANOVA (Analyss of
variance), the correlation, and thelinear regresson tests.

RESULTS

Thewater quality data of constructed wetland were
shown in Table 2. During theresearch period, the water
temperatureranged in theinfluent and between inthe
effluent. The resultsshowed that water temperatureinthe
influent (between 22.2°C and 27.6 °C) and in theeffluent
(21.0°C and 27.7°C) had no obviousdifference during
thewhol e research period. Apparently, warm winter is
quite obviousin the south of Taiwan. Both dissolved
oxygen (DO) and pH increased after treatment.

Theincrease of DO concentration in theeffluent was
probably due to the photosynthesis of vegetation or the
surfaceaeration in open water zones(USEPA, 2000b). Itis
presumed that the increase of pH might be due to the
denitrification occurring in the sediments of wetland.
However, more research work is required for better
understanding of this characteristic. The oxygen
production rates of thiswetland were between -0.57
and 3.65 g/m?/day with amean of 0.71 g/m?day and a
standard deviation (SD) of 0.98 g/m?/day. The surface
loading rates of thiswetland werebetween 0.24 and 0.35
m?/m?day and with amean of 0.3 m¥m?/day anda SD of
0.03m?/m?/day.

Pollutant removal in the wetland

Theremoval ratesof BOD,, TSSand NH,*-Nin this
wetland were illustrated in Figs. 1 to 3, respectively.
During the research period, the wetland received the
river water with total average concentrations of 12.4
mg/L, 111.4 mg/L and 4.2 mg/L for BOD,, SSand NH,*-
N, respectively. Sincethe water temperature was quite
stable during the whol e research period, its effectson
the removal rates of BOD, or NH,*-N could be
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neglected. However, themost efficient BOD, and NH,*-
N removal occurred in September (see Figs. 1 and 3).
Fig. 4 showed the relationship between hydraulic
retention time (HRT) and pollutant removal rate of
wetland. Apparently, the wetland has displayed its
effectivetreatment on thepol lutantsin river water while
the HRT is more than 3.4 days. According to Figure 4,
BOD removal rate improved more obvioudy at higher
HRT such as 4.9 days in this study, but no obvious
differenceon the removal ratesfor both TSSand NH,*-
N was seen a the HRT from 3.4 days to about 5 days.
However, the ANOVA tet resultsin Table 3 showed
that there were no significant differences(p > 0.05) on
the removal rates of BOD,, TSSand NH,*-N with the
HRT lessthan 3.5 days, between 3.5 daysand 4.0 days,
and higher than 4.0 days. During the research period,
theaverageremoval ratesof total (unfiltered) BOD,, TSS
andNH,*-N were 36.9%, 71.8 % and 47.1%, respectively.

Pollutant loading rates of the wetland

The corrdations between the effluent concentrations
or theremoval ratesof pallutantsandtheHRT or thelcading
rates of wetland system were shown in Table 4.
Apparently, BOD effluent concentration and its mass
loading rate had asignificant correlation (p = 0.000) in

thiswetland. Similar result was seen between NH,*-N
effluent concentration and its mass loading rate with
the p valuelessthan 0.05. A Sgnificant correlation was
also seen between TSS removal rate and its mass
loading rate (p = 0.002). Figs. 5 - 6 expressed the
rel ationships between the effluent concentration and
theloading rateof BOD, and NH,"-N, respectively. The
total average BOD, and NH,"-N loading rate were 3.32
and 1.29 g/m?/day, respectively. These loading rates
were in the reasonabl e range mentioned by USEPA
(2000a), which were 0.23 — 18.3 g/m?/day for BOD,
loading rate and 0.03 - 1.6 g/m?/day for NH,"-N loading
rate. Fig. 5 also showed theresults of linear regression
between BOD, concentration in the effluent and BOD,
loading rate, and this relationship was expressed as
follows with the coefficient of determination (R?) of
0.6511:

- - 6
Cog = 06434x M —0.3733 ©

whereC_, isBOD, concentration (mg/L) inthe ffluent of
wetlandand M, istheBOD loading rate (g/m?/day). Fig.
6 aso showed the results of linear regression between
NH,"-N concentration inthe€ffluent and NH,*-N lcading
rate, and this rd ati onshi p was expressed asfollowswith
the coefficient of determination (R?) of 0.5965:

Table 3: ANOVA tests for pollutant removal rates at different hydraulic retention time

Parameter HRT (days) n Ave. removal rate (%) SD F Pvalue

<=35 5 387 231

>35and<4.0 4 71 59.3

BOD >=40 8 50.6 183
total 17 36.9 355 3.974 0.066

<=35 5 67.4 247

>35and<4.0 4 75.1 119

TSS >=40 8 728 231
total 17 718 206 0.164 0692

<=35 5 51.2 16.1

. >35and<4.0 4 184 94.0

NHa™-N >=40 8 58.9 402
total 17 471 52.1 1.466 0.246

Table 4: Correlations between pollutant effluent concentrations or removal rates and pollutant HRTs or loading rates

Treatment characteristics

Pollutant HRT or loading

HRT Mass loading Surface loading
E f\];éIES(DPga?rs]gﬁ Correlation Coefficient) 0.054(-0475) 0.000 (0.807) 0.058 (0.468)
Ef\‘;élzis(ge‘;‘;n Correation Coeficient) 0.169 (0.350) 0.166 (0.352) 0.309 (-0.263)
E f\];;'alltll: zPeh;r(s:f?r? Correlation Coeffici ent) 0.754 (-0.082) 0.000(0.772) 0.695 (0.103)
E?a?u'g?;‘g’risggn etation Cosfficient) 0.160 (0.356) 0.120 (0.392) 0.278 (-0.279)
RZ See'FP"e‘é?'S;algorr iation Coefficient) 0.588 (0.141) 0.002 (0.698) 0.757 (-0.081)
NH,"-N Remova Rete 0.900 (-0.200) 0544 (0.158) 0.839 (0.053)

p value (Pearson Correlation Coefficient)

484



(%) srel erowsy
(%) srel erowsy (%) oTel erowRy

o o o o R g 8
3

Int. J. Environ. Sci. Tech., 4 (4): 481-488, Autumn 2007

© < N o
T

¢TTT
ve'oT
€0°0T
8160

1060
ST'80
0€°20
0¢'L0
6¢°90
80°590

Date (2006)
Fig. 1: BOD remova rate in the wetland
Date (2006)

Fig. 2: TSS removal rate in the wetland

T¢'v0
90’70
T¢°€0
L0°€0
v¢'co
€T°¢0

90°¢0

1501
140
130
120 |
110 |
100 [

(71/6w) *qosg (71/6w) N-"HN

Date (2006)

Fig. 3: NH,*-N removal rate in the wetland

485



D. F, Juang; P. C,, Chen

2 | B g R R 2
Ty & ; §§ $
L A
i = '§ """"""" - gui— —%— ' i, dninininiy p— pp—
S i 6
S 10 o
]
® -10 +
E -30 - o A
Q 50 - S
5
© -70 -
90 -
-110 +
_130 I \A | I I |
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
Hydraulic retention time (day)
—_—— = BOD5 Ave. Rem. Rete 3 BOD5
TSSAve. Rem. Rate -] TSS
= === NH4+-N Ave Rem. Rate A NH4+-N
Fig. 4: The relationship between HRT and pollutant removal rate
1201
(=]
1007 y = 0.6434x - 0.3733
R? = 0.6511
801
g
g 60
8 ao0r
m
20r
0.0 ‘ ‘ ‘ ‘ ‘ ‘
0 25 5 7.5 10 12.5 15

BODG5 loading rate (g/m%day)

o Effluent

Liner regression

Fig. 5: Relationship between effluent BOD, concentration and BOD, loading rate

Y

Cen =15128x M

—0.0367
whereC_,isNH,*-N concentration (mg/L) intheeffluent
of wetland and M, , istheNH,*-N | cading rate(g/m?/day).
Fig. 7 illugtrated the rationship between loading rate
and removal rateof BOD_and NH,*-N. It seemsthat the
effect of BOD |oading rates on theremoval ratesof BOD,
wasnot obviouswith the hydraulic retentiontimein the
rageof 3.4t04.9 days. However, NH,*-N removal rates
might be higher at lower loading rates. Fig. 8 showed the
resultsof linear regression between TSSloading rateand
itsremoval rate, and this relationship was expressed as
followswith thecoeffid ent of determination (R®) of 0.4875:

486

_ 8
RRgg = 0.3605x M +60.241 ©

whereRR isthe TSSremoval rate (%) of wetland and
M, isthe TSSloading rate (g/m?/day).

DISCUSSION AND CONCLUSION

The results of this study showed that the
constructed wetland can be applied to purify the
polluted river water although the covering rate of
macrophytes to the water surface area was not high.
The oxygen production rates of constructed wetlands
werein therange of 0 to 28.6 g/m?/day, whereasrates
of 0 to 3 g/m%day were mostly found (Kadlec and
Knight, 1996). Since the oxygen production rates of
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thiswetland were between -0.57 and 3.65 g/m?/day and
with amean of 0.71 g/m?/day, these values seemed to
be reasonable.

The surface loading rates of this wetland were
between 0.24 and 0.35 m¥/m?/day and withamean of 0.3
m?/mé/day. They weredsoin therangeof 0.01t0 0.5 m¥/m?/
daytypically applied tothe FWSwetlands (USEPA, 2000b).
Inthisstudy, theaverageremoval rates of total (unfiltered)
BOD,, TSSandNH,"-N were36.9 %, 71.8 % and 47.1%,
respectivdy. Since lower HRT was applied in this study,
these pollutant removal rates were somewhat lower than
thosereportedby Greenet al., (1996). Badcdlly, thewetland
has displayed an effective trestment of pollutants in this
drainagewith theHRT morethan 3.4 days, and noobvious
differenceof BOD, TSS, or NH,*-N removal ratewasseen
for longer HRT up to about 5 days. This study also found
that theBOD and NH,*-N concentrationsin theeffluent of
wetlandwill belinearly proportional tother influent mass
loading rate. NH,*-N removal ratewashigher at ower mass
loading rate, and the removal rate of TSS was linearly
proportional totheir influent massloading rate. According
to the equation (1) or (2), the calculated meen first order
reaction rate constant (k) for BOD, was 0.15/day with a
standard deviation of 0.13/day and for NH,*-N was 0.24/
daywith astandard deviation of 0.18/day. These congtants
were somewhat lower than those reported by Jing, et al.,
(2002). Sincetheartificial wastewater and thesmall-scale
congtructed wetlandswereusedinther gudy;, itispossible
that the pallutantsin theriver water of this study could be
more difficult to be degraded by microbes than thosein
artifida wastewater. Basically, thiscondructed wetland has
dill shown acceptable results on the purification of river
water. The equations developed in this study will provide
the operatorswith basic contral criteriaof thiswetland.
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