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Development of Effluent Concentration Estimation Equation from
Treatment Wetland Experimental Data
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Abstract

Effluent concentration estimation equations for wetland system were developed through
slatistical analysis of lreatment wetland experimental data. Existing empirical equations
were reviewed for their accuracy with experimental data, and compared with the
estimation equations. About 70 experimental data sets were used for mulliple regression,
and variables include influent concéntration, hydraulic loading rate, average daily air
lemperature, and plant coverage. The estimation equations developed for BODs, S5, T-P,
and T-N predicted effluent concenirations moderately well, and coefficient of determination
(RY) for them was 0.74, 0.60, 0.59, and 0.58, respectively. The equations obtained from
same data but excluding plant coverage showed relatively lower R? than the former case,
and it was 0.66, 052, 041, and 057, respectively. The EPA, WPCF, and Kadlec and
Kmght equations worked poorly and R® for them was significantly lower than the
estimation equation developed in the study, The reason might be thal the existing
equations were oversimplified that they did not include important parameters such as air
{emperature and plant coverage. Therefore, developing reasonable estimatlion equations from
experiment under realistic condition is highly recommended rather than using exiting
estimation equations.
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Table 1. Monthly plant coverage of the treatment wetland basin (%)

month Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct Nov Dec
year early late
1997 0 0 30 70 100 | 100 | 100 | 100 80 20 0
1998 0 0 0 10 30 70 100 | 100 | 100 | 100 100 40 0
1999 0 0 0 20
Zthe] INEBEAHT(HEE, coverage)E FEF TE olshedth,
FATHA TPAAT, AFLAS IAZ LA
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BOD5= Cb? T T LTI TP PYPRR YR PR (1)
KTZKZU(]..].)(T_ZO) ................................. (2)
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C. = 9&% BODs 3% (ma/L)
C, = ¥9Y% BOD: & (mg/L)
Kr = Zrad4 (day?)

T = & (T)

t = Fgd AR (day)
Kp= & 20ToA 9 Zrads

WPCF= $9% $E $H%d fae
SYASE ot DALY 98 #F
TN $ES #2385 BA4L 4 (3)% 2ol

E3tgew, BODsol #% 342 EPAFHH

ot %o 4y

T-N:C,=0.193- C;+1.55 - Hy, —1.75---~ (3

(R?=0.79, n=34)
12.2 <Ce <122 mg/L
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C. = 24 T-N ¥% (mg/L)

C = 9+ T-N ¥% (mg/L)
Hy = #2834 £8& (m’/m®/day)

Kadlec and Knight”= #9d% #hus Qxs
ol-&-8te &2 BODs, SS, T-N, T-P 5&5
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A A&t

BOD;: Co=0.11- C;+ 1,87 srrrermvinsenninnnn. (4)

(R?=0.74, n=173)
1 <C, ¢330 me/L
0.008 <Hp <0.22 m*/m®/day

SSC9=47+009(:; .............................. (5)

(R?2=0.67, n=177)
0 <C, <330 mg/L
0.008 (L €022 m*/m*/day

T—-N:C,=2.6+0.46-C;+0.124 - Hy -~ (€)

(R*=0.45, n=135)
51 (C, <58.6 mg/L
07 <Hy <485 m’/m*/day
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Table 2. Estimation equations obtained from multiple regression of the experimenta] data

Item coifr:;e Bstimaton equation R (lfnl\;[/sf) nf;t:er
Include Ce = 0152770, "M% . ¢ M7 . 0T proT 075 | 1729 62
BODs Exclude | C. = 0.2718H ™% . /' . T o4& 066 | 19.99 62
Include | C. = 0.989H, 002 . C0M8 . pomsi  p 0319 0.59 2.86 72
T Exclude | C. = 3630 %1% . M. 7o 041 3.40 72
Include | Ce = 3.620H, &2 . 091 . 701, prooisk 058 | 2311 72
e Exclude | Co = 4.930H. “#* . % . p0%% 057 | 2329 72
Include Ce = 0.2039H "% . M%7 . 70375 p o43n 060 | 11.04 72
59 Exclude | Co = 41255 % . OO . 70808 052 | 1234 72
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Fig. 1. Scatterplots of BODs, T-P, T-N, SS effluent concentrations
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Table 3. Comparision of estimation eguations for the experimental data
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Classification Estimation Equation R®* |RMSE(mg/L)
This study | C. = 015277H "™ - ¢! . T 00657 . pro2ree 074 17.29
BODs EPA [C/C] = e Kt 0.64 29.88
Kadlec et al | C, = 011-C, + 187 0.34 4191
) This study | C, = 0.989H, ""¥ . CJ8 . T 0. p oe 0.59 2.36
o Kadlec et al | C. = 051-C'° 0.45 5.10
This study | C. = 3.629H, ¥ . ¢ 9% . T8 . p 00 0.58 2311
T-N WECF Ce = 0193-C, + 155-H.-175 0.04 86.99
Kadlec et al | C. = 2.6 + 046 - C, + 0124 - Hy, 0.45 4038
This study | C, = 0.2039H " . ¢0®7 . TV¥#5 . p 07! 0.60 11.04
5 Kadlec et al | C, = 4.7 + 0.09-C, 0.32 2367
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