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ABSTRACT

Partial nitrification has a unique advantage in dieg with low carbon/nitrogen (C/N) ratio streamsithis rarely
applied to streams with low-ammonia concentratideonstructed wetland was used to develop a pantigfication
system based on low-ammonia stream. Response surfeihodology was employed, with temperature () f
thickness (Y), and filler size (Z) identified as thdependent variables, whereas ammonia oxidatitm (AOR) and
nitrite accumulation rate (NAR) were the responaeables. Using the Box—Benhnken design and seochel-
polynomial, following response equations were atitdi AOR=51.44+10.82X-0.15Y -8.15Z-0.26XZ -0 40697,
NAR= —3.31+11.67X — 0.54Y+5.03Z+0.03XY — 0.378.32Z.Analysisofvariance indicatedthat the equationsid¢ou
appropriately describe their corresponding relatsohe equations can illustratethe parameter vakiection of the
reactorto make the effluent stream suitable fort posierobic ammonia oxidation or for post short-danitrification.

Keywords. constructed wetland; partial nitrification; wasté@ratreatment; advanced nitrogen removal; response
surface methodology

INTRODUCTION

Most wastewater treatment plants at the Three Gagervoir area apply a total nitrogen dischargedsrd of 20
mg/L. Thus, discharge of these plants will polltite reservoir area. Advanced nitrogen removalliesé plants is
necessary. The drain stream of a wastewater ptawcharacterized by low C/N ratio, thus making tiadal
nitrification-denitrification processes unsuitafle2]. Hence, another method should be considered.

Partial nitrification is widely applied to the ttezent of streams with a low C/N ratio. Combinedhwaéhort-cut
denitrification, the process can save 25% O denamt40% C demand relative to traditional denitaifion [3].

Partial nitrification combines with anaerobic amn@ooxidation (ANAMMOX) in autotrophic N removal, wdh can

accomplish nitrogen removal without C [4]. Sevgralameters can influence partial nitrificationefeanmonia [5, 6],
pH [7], temperature [8], DO concentration [9, 16].'he doubling speed of ammonia--oxidizing baatéAOB) is

higher than that of nitrite-oxidizing bacteria (NPBhen the temperature exceeds 20 °G [12]. Meanwhile, the O
saturation constant of AOB is lower than that of BU{13]. Several partial nitrification approachesvéebeen
developed using the difference between the twoebi@acf14, 15].Currently, partial nitrification isaimly used for
strong streams. Developing a partial nitrificatgystem that can be applied to low-ammonia stredhpravide new
method for advanced nitrogen removal in wastewalgents.

The O supplement of constructed wetland mainlesetin air re-aeration. Thus, the DO of the conwrtuaetland

system is usually limited [16, 17]. For better Giraly of AOB, partial nitrification can be applietb constructed
wetlands [9, 10].This research attemptsto devehopoptimize a new constructed wetland partial figation system.
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With the adoption of response surface methodol®fyM), reactor parameterswould be analyzed. Thenetsod
would be establishedto quantifythe parameters dmed efficiency of the reactor. Results could suppibe
engineering application of the system and would/iol® a new treatment process for the streams it low C/N
ratio and low-ammoniaconcentration.

EXPERIMENTAL SECTION

2.1 Reactor description:

Laboratory-scale constructed wetland was adopteshawn in Figurel. The inner diameter of the wetiz 200 mm.
This wetland has no plants. In addition, the filb@nsists entirely of solid gravel without soil, kireg this wetland
difficult to block. The filler gravel came from adal quarry. Three series of diameters are listetiable 1 for the
analysis of filler size. Experiments were all runa thermostatic chamber for temperature controted@ different
heights (45, 85, and 125 cm) of the reactor ard@yed to match corresponding filler thickness @0, and 120 cm).
The constructed wetland was operated as a seqgebaioh. The cycle continued for 24 h as follovettls (2 h)

—influent (0.25 h)—attach (21.5 h}> drain (0.25 h).

Feed tank
i

Pump

Figure 1: Reactor description

Tablel: Three standards of the gravel filler

standard fine middle coarse
Average diameter(mm) 25 7.5 12.5
Actual diameter(mm) Oto5 51010 10t0 15

2.2 Influent water quality

Artificial wastewater was used to facilitate thexBB8enhnken design (BBD).The synthetic media waspms®ed of
the following (in mg/L): NHHCGO;, 25; KH,PO, 6.25; EDTA, 6.25; FeS06.25; MgSQ: 7H,0, 12.5; CaGl 18.5;
and trace solution (Zn, Co, Mn, etc.), 1.25. NaH@@s added to regulate the pH of the influent stremf0. Tap
water was used as the solvent of the artificialtensater. Thus, the influent stream also containgmhenitrates with
concentration ranging from 1 mg/L to 2 mg/L.

2.3 Response surface methodology (RSM)

This method involves five steps: statistical desifrexperiments, data transformation, model saacttoefficient
estimation, and applicability examination [18]. #tstical model generally needs to be developedhie practical
application of RSM [19-21]. By using the BBD, tharaonia oxidation rate (AOR) and the nitrite accuatioh rate
(NAR) were identified as dependent variables in ¢lxperiment. Three parameters were selected apdndent
variables in accordance with the preliminary reseasystem temperature (X), filler thickness(Y)dditler size(2).

AOR = (influent ammonia effluent ammonjia( / inént ammonigx 100¢ Eq. (1)
NAR = (effluent nitrite) /( effluent nitrite+ eftient nitrate- influent nitraje<  100E0. (2)

X, = (X, = X,)/ AX Eq. (3)
Wherex is the coded value of th# variable, X represents the uncoded value of theesst variable, and Xis the
uncoded value of th&'itest variable at the center point.

The actual value of the independent variable vélicbded prior to RSM analysis. Each of the indepehdariables

has three levels. Table 2 shows the coded valukshair corresponding actual values. Equation 33Eshows how
the actual value becomes a coded value.
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Table 2 BBD and the experiment result

Independent variables Ammonia oxidation rate N|tr|t¢
Run A B ] i ] ] accumulation rate
temperature('0  Filler thickness (cm) Filler size (mm) (%) (%)
1 -1 O 1 13 80 125 141 90.4
2 1 0 1 33 80 12.5 37.3 23.2
3 0 1 1 23 120 25 71.1 95.9
4 1 0 -1 33 80 25 98.6 38.4
5 -1 0 -1 13 80 25 23 88.6
6 1 -1 O 33 40 7.5 54.4 19.3
7 0 0 O 23 80 7.5 40.5 106.5
8 0 0 0 23 80 7.5 41.1 105.8
9 0 0 O 23 80 7.5 41.1 104.4
10 0 1 1 23 120 125 329 109
11 O 0 0 23 80 7.5 40.5 104.7
12 0 -1 1 23 40 125 48.4 102.1
13 1 1 0 33 120 7.5 429 77.5
14 -1 -1 O 13 40 7.5 10.3 93.9
5 0 -1 1 23 40 25 88.4 94.5
16 -1 1 O 13 120 7.5 7.8 97.8
17 O 0 0 23 80 7.5 39.7 105.8

Model selection is based on the results of the ixmats [22, 23].According to the BBD, 17 experinemwere
conducted. The experimental scheme and resulisteel lin Table 2. Based on the experiment residecand-order
polynomial model was determined to be suitablegiaantitative analyses between independent (temperdiller

thickness, and filler size) and dependent variafd&R and NAR)[22-24]. Eq.4 shows the adopted gaacimodel.

YR+ BN AL BRAD DR Ky tE
i=1 i=1 [
Eq. (4)

Where y is the predicted response; xi represeptsdded variable$0, Bi, Bii, Bij are the regression coefficients and
¢ is the stochastic term, which is supposed to laessian distribution.

RESULTSAND DISCUSSION
3.1 Equations and analysis of variance (ANOVA)
Thesecond-order polynomial model (Eq.4) appliedh&® experiments resulted inEqgs.5 and 6. Eq.5 descithe
relation between AOR and the three independentablas, whereaskEq.6 describesNAR. ANOVA is then
applied.Table 3 showsthe ANOVA results of Eqgs.5 @nd
AOR =-5144+ 10.82% 0.15¥% 8.15Z 0.26X%Z 0.14% 0.6%EQ. (5)
NOR =-3.30+ 11.68% 0.54¥ 5.02Z 0.033xY 0.37% 0.32EQ. (6)

Table 3: Analysisof variance (ANOVA)

Source Sum of squares Df Mean square F Value P-value
(Eq5/ Eg6) (Eq5/ Eq6) (Eq5/ Eg6) (Eg5/ Eq6) (Eq5/ Eg6)

Model 9796.20/13195.04 6/6 1632.70/2199.17  95.7683 < 0.0001/< 0.0001
X 3960.50/5751.28 1/1 3960.50/5751.28 232.29/87.680.0001/< 0.0001
Y 294.03/579.70 11 294.03/579.70 17.25/8.84 0.0m2@0
z 2816.25/6.48 11 2816.25/6.48 165.18/0.099 <QLOM@598

Std. Dev.=4.13/8.10 R0.9829/0.9526 Adj B0.9726/0.9242

Pre R=0.9212/0.752318 C.V.=9.57%/9.46% AdeqPrecisions84/16.658

The p-value (Prob> F) of the two models were bethatively low (p < 0.0001), indicating that the ned&l were
significant. The other indices must be in accorgawith R>0.95, (Adj R- Pre R) <0.2, C.V. <10%, Pre 0.7,
Adeq Precision >4.011 [22, 23]. Table 3 shows titex of Eqs.5 and6, which could both satisfy thguiements.
Therefore, both equations are appropriate for da@sgrthe relation between the parameter valuesthb@desponse
outcome.

3.2 Analysesfor AOR and NAR
According to Eq.5, temperature, filler thicknessd diller size all have significant effects on AORhe effect degree
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of the three parameters can be ranked as: tempeséitier size>filler thickness. No XY and YZ terrase present i
Eq.5, which indiates that filler thickness has no significant iat¢ion with temperature and filler size. Thusgfi
thickness affects AOR independently. Furthermoed¢udations of the derivation of Eq.5 results in.Egwhich
indicates an inverse correlation betn filler thickness and AOR. This finding correspendith there-aeration
capability of the wetland. When filler thicknessiieases, thre-aeratiorcapability of the wetlanwill decrease. Thus,
AOR decreases.

9AOR_ o o Eq. (7)
aY

AOR (%)

12.50

10. 50

5 i E 850
0 g 6. 50
i
4.50
250
i 33.00 2.50 ; :
Filler size (mm) : 0 23.00 13.00 18. 00 23. 00 28.00 33. 00
L Temperature ( C) Temperature ('C)

Figure 2: Influence of temperature and filler szeon AOR

Temperature interacted with filler size signifidgnas shown in Figure2. When filler size is const&OR increase
with increasing temperature. When temperature Iisvbdt °C, AOR is less than 40%, vch indicates that the
function stem will have low activity under low teemature. As filler size rises, AOR initially decsea and the
increases. When filler size is 2rfim, AOR achieves the maximum val

As regards NAR, the effect degree of the tiparameters is in the following order: temperatuitessfthickness>filler
size. Filler size affects NAR independently, asvaindn Eq.8. Whenfiller size is equal tc8 (5.02/0.64) mm, NAR
achieves themaximum value. Afiller size less th& mm positivelgorrelates with NAR. If filler size is greaterth
7.8mm, aninversecorrelation is obsen

ONAR _ Ed. (8)
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Figure 3: Influence of temperature and filler thicknesson NAR

Figure 3 indicates that temperature interacts fillér thickness. The contour line tends to beigtig which suggest
that this interaction is extremely significant. Bhonce one of the two parameters negatively affdétR, the othe
could be regulted to counterbalance such effect. NAR positiveetates with filler thickness, and this correlatis
more significant with higher temperatui

3.30ptimization
Two kinds of effluent streamd the wetland could be needed, for post anaerahimania oxidation or for popartial
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denitrification. The former stream requests an A@RBround 55.6%, while the latter requests the A@Rr to 100%.
Both streams need the NAR as higher as possibrding to Eq.5 and Eq.6, lots series of the pdssiblutions of
the parameters could be proposed for the bothretre@his can give guidance when new wetland isigefable 4
gives some solutions for both streams based oaghations (first 3 for post anaerobic ammonia dieaa the other
for post partial denitrification).

Table 4 Some solutions

Filler Filler AOR NOR
Order Temperature®) iy ness(cm) size(mm) (%) %)
1 23.50 23.60 712 50.16 96.49
2 24.95 81.92 6.30 51.37 99.89
3 27.37 110,50 5.97 53.24 97.84
4 27.33 112,53 251 85.49 90.83
5 26.32 86.66 250 87.03 87.01
6 24.05 41.10 253 87.27 85.89
CONCLUSION

RSM was applied to analyze the efficiency of thetiphnitrification of a constructed wetland. Tematire, filler
thickness, and filler size significantly influenttee wetland. When filler thickness and filler sax at low levels
while temperature is at a high level, AOR will igth When filler thickness is high or temperatigéeiss than 30 °C,
NAR will be high. The equations could provide guida in the establishment of a new reactor thatel@ase effluent
stream as expected. Effluent ammonia/effluent taitdan be approximately 1.26, which is suitable post
ANAMMOX. Likewise, nitrite can dominate the effluestream, which is suitable for post partial defid@tion.
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