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Evaluation of non-point source pollutants removal

using a detention type constructed wetland

Kwang Sup Lee

Department of Ecological Engineering, The-Graduate School,
Pukyong National University

Abstract

This study investigated the removal capacity of a detention type
constructed 'wetland to control non-point source pollutants. The removal
efficiencies were calculated “by the summation of loads(SOL) and the
event mean concentration(EMC) method for rainfall period. As a result,
removal efficiencies~by SOL ‘method were 24.48 % for SS, 79.00 % for
COD, 82.66 % for TN, and-82.20 % for TP.-And removal efficiencies by
EMC method were -20.82 % for SS, 13.13 % for COD, 27.62 % for TN,
and 25.80 % for TP, respectively. But, most of the pollutant were captured
in wetland after stormevent, which is removed by biochemical mechni+
of wetland until next stormevent. So it is important to monitor wetland
after stormevent. The result of monitoring after stormevent were 273.91
g/m*/yr for SS, 14.08 g/m%yr for COD, 3525 g/m*yr for TN, 10.81
g/m”/yr for TP. In conclusion, this study may provide fundamental data
for detention type wetland construction to control non-point source

pollutants in future.
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3}(Nitrification) % &4 3}(Denitrification), &, 522 & 93 F+ 2
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o o, &7], Y=V, Y5 A TR FibHo 3U|F5S 45
a, ol gt &7 R Yokd AA(NH, -N)7F Nitrosomonas g 2] o} o]l
ofg] ofHAHANO, -N)Z  ®alErh. ZEslE o HAEANO, -N)=
Nitrobacter Hrel2jobe] e HFA o2 HAAHAA(NO; -N)= Zaf =1 o]



F719E Aol FFote] FHo2FYH AAEY. =5 54 49 d7A
Aol s AAAA(NOy -N)7F N7k~ 2 &4 81 (Denitrification) 5 ©] o} 7]
o7 WEdr, &4 (Denitrification) = A ZHEH A4S J1rHo=
AAS = WHoe=r 2% pH, Abst- 399, ©AF-84(Carbon
availability), &84 (Nitrate availability) 3} 22 o2 7}x] 22l 9] &

ks ®A ®th(Johnston, 1991).

By Nitrosomonas :
2NH," +30, — 2NO, + 2H,O + 4H + energy (1)

By Nitrobacter.
2NO; + Oy — 2NOs3 + energy (2)

Fig. 2.2 Nitrogen transformations in a constructed wetland treatment

system(Cooper et al., 1996).



(4) 1(P) AA =7 =

Table 2.3 Major types of dissolved and insoluble phosphorus

in natural waters

Phosphorus Soluble“Forms

Insoluble’ Forms

Orthophosphates(HaPOy |,
HPO.”, POs”") Polyphosphates

Ferric phosphate(FeHPO,")
INORGANIC

Calcium phosphate(CaH-PO,")

Dissolved organics, e.g., sugar

ORGANIC phosphates, inositol phosphates,

phospholipids, phosphoproteins

Clay—phosphate complexes
Metal hydroxide phosphates,
e.g., vivianite Fe3(POy)o,
variscite Al(OH)2H2PO4

Minerals, e.g., apatite
[Caio(OH)2(PO4)s]

Insoluble organic phosphorus

bound in organic matter
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Table 2.5 The characteristics of constructed wetlands

Cil-Sung Bo-Cheong

Bok-Ne

stream stream

stream

0.5

4.3

2.3

Area(ha)

Non-point Non-point

Non-point

Source

source

source

source

350

385

normal

Capacity
(m°/day)

53,880 1,900

7,407

rainfall

4.3 day

5.6-day

normal

30 mm

HRT

24 hr

21 -hr

1.3 day

rainfall
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sto] 3}t T FLS 75 %6, FUL94 %, TH AT 86 %Y AR HAE
LHER AT

8 Hag AAsEe Y

(7}) Swift Run 4]
MichiganT9] Swift Run #+ A& F9o 258 B 2 FA F&57}F
THEY, F45 SHsEA g 64 %, TP 49 %, TKN 20 %, TFe 62 %
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(Y4) Wayzata A

Minnesotas=2] Wayzatagte AAFA = =AZSF=77F 45 =

9 W Eok 42 E3EWA TP 77 %, TSS 94 %7t A7k
(Hickok et al., 1977). AIA&E&°] =4 Y2 olfT FUTY 5 21
7B o7k Ak =2l 23 il 2los YE

(t}) Hidden River? Z=A|AA<5A]

Florida FAZe] A% 2AA4AGAE F$755 A4E A% 57

ZA F e FAFAA A AFAE S 82 FAZE FYEHCarr
and Rushton, 1995). A& &3 AASLES F FYFsFh 5 TSS 8 %, 9
FAF 29~94 %, b 2= 45(Cd, CuiPb, Zn) > 79 %= W% =4 YE

(2}) Josephine, E2, Jones Lake, Kingston, Lower Watkins & A
Minnesota(Willenbrion, 1985)¢] A% Algat AH9 oAl 74 =}
FA g AFERY FX° "ol Sd=d AAsH e I

rO

S vHgE AAAS FgAd 4 AT Al 7He] 54 Josephine, E2, Jones
Lakev “=AZ-9-F&57F 95 1L, Kingston 54+ $AF=57F 79

H
o, Lower Watkins® AHF 25 EH 1% %29 d5dA4 AgF7t 490, &
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(7}) Island Lake AF3%57]

AP &I TP, vhFst 559 A7 QoA JAde] o] Fasithe

Aol A AA F4 W RS A Ex gk A7 g

o] # $tt}. Florida |3t Island Lake?] AAF5A = FFZHEH =
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Table 2.6 Assessment methods for treatment effectiveness of

BMP(ASCE and EPA(2002))

Catagory Method Name Recommendation

Comments

Not recommend as a
stand-alone assessment
of BMP performance.
More meaningful when
statistical approach is
used

Efficenty Removal

Not recommend as a
stand-alone assessment
of BMP performance.
More meaningful when
statistical-approach-is

Summation Of
Loads

Most commonly used method to date.
Most researchers assume this is the
meaning of "% removal’. Typical
approach does not consider statistical
significance of result.

Utilizes total loads over entire study.
May be dominated by a small number
of large events. Results are typically
similar to ER  method. Typical
approach does not consider statistical

. . used significance of result.
Historical
Methods . Very rarely are assumptions of the
Regression Of 4 .
Lodd Do not use. method wvalid. Cannot be universally
2409 applied to monitoring data.
Difficult to * "track” ‘slug of water
Mean through BMP "without extensive tracer
C e lion Do not use. data and hydraulic stud_y. Results are
ORge only for one portion of  the
pollutograph.
Efficiency of Storage of pollutants is not taken into
Individual Storm Do not use. account. Gives equal weight to all
Loads storm event efficiencies.
Percent Removal
Exceedin . .
ne Not recommended. Typically* “only applicable only for
Irreducible . i
Concentrat: 3. o May be useful in some 1nd1V1(_iual events  to demonstrate
; circumstaneces: compliance with standards.
Relative to WQ
Standards/Criteria
Typically only applicable only for

] Not recommended.
Alternative Relative Efficiency May be useful in some

Methods circumstances.
"Lines of
Comparative Do not use.
Performance©”

Multi-Variate and

Non-Linear Models Possible future use.

individual events to demonstrate how
well a BMP performs relative to how
well it would perform if it

Spurious self-correlation Method is not
valid.

Additional development of methodology
based on more complete data sets than
ar currently available.

Recommend Effluent Probability
Method Method Recommended Method.

Provides a statistical view of influent
quality. This is the method
recommended in this guidance manual.
Benefits over other approaches that are
discribed in this section of the
Guidance.
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Table 2.7 Removal efficiencies of inon—-point source pollutants for

historical methods(in case of constructed wetland)(NIER, 2006)

Methods

- .

Event date = Parameters

BMPs

' i

%

61

36
38

41

TSS

BOD

COD
TN

63
41

43
10
48
78
44

10
51

2006.06:10

64

77
45

85
70
62

TP

TSS

BOD

COD
TN

17
30

18
30

Constructed

59
63
80
78
64

2006.06.13

wetland

15
35
72

14
37
80
56
24

TP

TSS

BOD

COD
TN

51

21

52

2006.06.29

54

46

73

53

TP
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(4) F<(TP)

o AZES W7k 2 ARF A P
(1) 39 A AgEE B

AR ABEAY B A NHLdFAN AREEE A AR

oz /9 FETYs 5275 BHE TE=(EMC - . Event Mean

AAbslE Rk 34 (Summation of loas, SOL%)S o] €8t 0w, 2+ v
2

EMC efficieney (%) = [(EMCin—~EMCou/EMCin)]x100 9)
EMCin_ 5% EMC(kg/m?)
EMCou @ % EMC(kg/m’)

SOL(%) = [(SOLi~SOLout)/(SOL;r)1x100 (10)

SOLiy : ¥} -3t (kg)

SOLow © & -3t F(kg)
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U A7t dAsks] AR FA el Afse s AREHE FS ALt
il &S W7ietr] e 2009 6€ 18Y, 89 T HH Al AFE AF
A9 4 FH R AT 5 dF=AE ?533}914

5¢ 2192 04X 5-¢ A$-7F /\] o] 17A 744 % 86 mme] ZHS7F U

M—L 7 70,—_._Q %

T7]' WME}(Table 4.1). :’—‘j/]—l——’— 7

= 208 mm9 %

/\]-}\]7]-% frg> Table 4.2~3¢ e}

Bibel=
Table 41 Variation of rainfall
Time 2009.05.21 : 2009.07.07
Rainfall? (mm)

04:00 1.5 0.5
05:00 3.0 6.0
06:00 6.5 10.5
07:00 5.0 37.0
08:00 95 85
09:00 10.0 145
10:00 185 18.0
11:00 115 95
12:00 10.5 31.0
13:00 6.5 375
14:00 15 75
15:00 1.0 11.0
16:00 1.0 125
17:00 0.0 4.0
Total 86.0 208.0
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Fig. 4.1 Inlet-Outlet flowrate and rainfall comparison(2009.05.21).

Table 4.2 Runoff volume of stormevent(2009.05.21)

Q(m®)
Time
Inflow Outflow

12:30 0.00 0.00
13:00 151.78 27.30
13:30 125.36 27.30
14:00 101.90 22.38
14:30 72.01 18.03
15:00 55.44 14.23
16:00 82.77 2191
17:00 40.55 13.93
18:00 25.81 2191
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Fig. 4.2 Inlet-Outlet flowrate and rainfall comparison(2009.07.07).

Table 4.3 Runoff volume of stormevent(2009.07.07)

Tiry Q(m’)
Inflow Outflow

12:20 0.00 0.00
12:50 416.05 95.42
13:20 525.94 119.06
13:50 555.85 132.07
14:20 540.77 132.07
14:50 586.75 145.90
15:20 685.55 142.37
15:50 720.55 168.21
16:20 871.13 176.08
16:50 952.91 218.68
17:20 932.05 196.69
18:40 2376.43 583.14
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g, 457144 (DIN)

2009 5¢ 21¢ DIN® #9%E+E 5598~13.697 mg/LZ eSO,
B s EE 8420 mg/LE YEIRT FE5EE 3.145~4.292 mg/L HH
T FiEEE 3830 mg/LYtE 20099 79 7% DIN| #Y% L 2.845~
4807 mg/LZ dElyton HisEE 4160 mg/LE YEYT FEsEE
2419~4.132 mg/L W93 Hitv e 3420 mg/LAith.

f&537)4 A~ (Dissolved Inorganic. Nitrogen)¢! NH; -N¥ NO, -N,
NO; -N& Ztzh 243 i NH, -N2 #4557} 0.866~2.450 mg/L, &5
=7} 0.768~2.135 mg/L- ®Hflela, NO; N2 F¢5%7F 0.104~0.434
mg/L, %55 7F 0.055~0.369 mg/L H 9]l ™ NO;s -N< 95 %=7} 1.546
~11.627 mg/L, = %=7}F 1.030~2.958 mg/L ¥ = tlFEe] Al7]oA
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5 L
M-AE], H s e

1.660 mg/L= YEFRH. FE55%=s 0.952
~1.794 mg/L MR H

flol A FEAFE R 5
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S #EF FEN ALl ALEE Fol 7t
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vt &7 71 (DIP)

20099 5¢ 214 DIPY FY& %+ 1.570~2.072 mg/L= e o™, 33
TsE+ 1.750 mg/LE YEYT fFE55%+ 0.836~1.072 mg/L M9

|

45X+ 1.000 mg/LSth 2009 7€ 74 DIPS] FY-&%=+ 1.144~1.700
mg/L= Yetwton, #1510 mg/LE YEwt f&5%=< 0.833
~1525 mg/LL M9 HAsEs 1.200 mg/L=2 &F5 7] (Dissolved
Inorganic Phosphorus)Q! €14+ ¢l (Phosphates, PO,/ -P)& H#sE 7 ¢k
50 % 7t A% o2 YEETh

A2 eyt e TAhdA FF st AgdAoln. whebA &
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Table 4.4 Concentrations of inlet constituents(2009.05.21)

Time SS COD TN DIN TP DIP
mg/L

12:30 20.40 20.50 8.558 6.056 2.140 2.072
13:00 7.70 16.50 7.447 5.598 1.840 1.744
13:30 5.40 15.50 7.334 6.116 1.686 1.570
14:00 3.90 17.50 8.007 6.770 1.632 1.617
14:30 4.00 18.50 9.385 7.537 1.711 1.679
15:00 4.30 19.00 10.038 8.215 1.779 1.714
16:00 3.70 21.50 12.111 10.351 1.778 1.758
17:00 3.00 23.00 13.813 11.478 1.860 1.802
18:00 4:10 24.50 15.580 13.697 1.925 1.830
Sum 56.50 17650 022 7% 75.818 16.351 15.786
Mean 6.28 19.61 10.253 8.424 1.817 1.754

Table 4.5 Concentrations of outlet constituents(2009.05.21)

Time o3 COD TN DIN TP DIP
mg/L
12:30 51.00 15.20 4244 3.145 0.892 0.836
13:00 47.60 15.20 4,631 3.595 1.008 0.989
13:30 45.60 14.80 5.014 3.720 1.105 1.032
14:00 43.20 16.10 4.939 3.858 1.181 1.048
14:30 38.40 15.20 4.940 3.793 1.123 1.051
15:00 34.60 15.20 4.839 3.838 1.106 1.043
16:00 23.50 14.00 5.339 4.000 1.140 1.059
17:00 34.80 14.40 5.536 4.292 1171 1.072
18:00 33.00 14.40 5.406 4.186 0.941 0.887
Sum 351.70 134.50 44.888 34.427 9.667 9.017
Mean 39.08 14.94 4.988 3.825 1.074 1.002
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Table 4.6 Concentrations of inlet constituents(2009.07.07)

. SS COD TN DIN TP DIP

Time
mg/L

12:20 17.60 12.30 3.527 2.845 1.258 1.144
12:50 14.30 15.70 4.320 3.764 1.351 1.322
13:20 11.90 16.30 4.632 4.031 1.632 1.418
13:50 7.10 16.70 5.583 4.590 1.656 1.483
14:20 6.80 16.30 5.684 4.807 1.707 1.548
14:50 10.70 19.60 5411 4.375 1.773 1.700
15:20 12.90 18.00 4.840 4125 1.648 1.567
15:50 12.30 16.30 5.277 4.097 1.737 1.664
16:20 8.50 16.00 5.207 3.909 1.755 1.590
16:50 8.40 16.70 5.728 4.294 1.821 1.603
17:20 5.50 16.80 5.671 4427 1:752 1.561
18:40 4.70 17.20 5.803 4.598 1.770 1.549
Sum 120.70 197.90 61.683 49.862 19.860 18.149
Mean 10.06 16.49 5.140 4.155 1.655 1.512

Table 4.7 Concentrations of outlet constituents(2009.07.07)

. SS COD TN DIN =P DIP
Time
mg/L

12:20 30.40 11.50 3.317 2.534 0.952 0.833
12:50 32.10 12.30 3.708 2.583 1.147 0.842
13:20 24.10 11.80 4.204 2.419 1.296 0.940
13:50 17.60 12.60 4.151 2.157 1.301 1.073
14:20 12.60 14.00 4.818 3.193 1.429 1.211
14:50 8.30 14.00 5.322 3.352 1.557 1.276
15:20 7.60 14.30 5.375 3.727 1.650 1.352
15:50 6.60 16.70 5.489 4.077 1.679 1.438
16:20 6.80 15.70 5.414 4132 1.722 1.525
16:50 7.00 17.60 5.340 4118 1.692 1.279
17:20 9.10 17.60 4.238 4.126 1.586 1.345
18:40 8.30 16.60 6.423 4.028 1.794 1.283
Sum 170.50 174.70 57.799 41.046 17.805 14.397
Mean 14.21 14.56 4.817 3.421 1.484 1.200
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Table 4.8 Variation of concentration, quantity(2009.05.21 ~06.18)

Area(m?) Avg. depth(m) Volume(m®)
Date
300 1 300.00
2009.05.21 SS COD TN TP
Conc.(mg/L) 33.000 15.600 5.511 1.137
Quantity(g) 9,900.0 4,680.0 1,653.3 341.1
[after 28day]
Area(m?) Avg. depth(m) Volume(m®)
Date
300 0.87 261.00
2009.06.18 SS COD TN TP
Conc.(mg/L) 4.000 23.580 2.193 0.437
Quantity(g) 1,044.0 6,154.4 572.4 114.0
Remove) 8,856.0 14744 1,080.9 227.0
(kg/28day) T ; o '
Removal eff.(%) 89.5 -31.5 65.4 66.6
g/mz/day 1054 -0.176 0.129 0.027
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Table 4.9 Variation of concentration, quantity(2009.07.07 ~08.07)

Area(m®) Avg. depth(m) Volume(m®)
Date
300 1.15 345.00
2009.07.07 SS COD TN TP
Conc.(mg/L) 32.100 17.200 5.803 1.770
Quantity(g) 11,0745 5,934.0 2,002.0 610.7
[after 30day]
Area(m®) Avg. depth(m) Volume(m?)
Date
300 0.85 255.00
2009.08.07 SS COD TN TP
Conc.(mg/L) 3.300 13.100 2.440 0.296
Quantity(g) 841.5 3,340.5 622.2 75.5
Removal
(kg/30day) 10,233.0 2,593.5 1,379.8 535.2
Removal eff.(%) 924 437 68.9 87.6
g/mz/day 1-137 0.238 0.153 0.059

22 SS7F 1.096 g/m?*/day, COD7} 0.056 g/m?*/day, TN 0.141 g/m?/day,
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