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ABSTRACT

PURPOSES: The purpose of this study is to assess removal efficiency of non-point pollutants and applicability for non-point pollutant
reduction facilities by conducting the demonstration project operation.

METHODS: In order to analyze removal efficiency of non-point pollutants for facilities such as a grassed swale, a small congtructed
wetland, a free water surface wetland, a horizonta sub-surface flow wetland, and a sand filtration, the field data including specifications of
facilities, rainfal, inflow and runoff rainfal effluent etc. was acquired after occurring rainfal events, and the acquired data was andyzed for

remova efficiency rate to assess road non-point pollutants facilities usng event mean concentration (EMC) and summation of load (SOL)
methods.

RESULTS: Theresults of andyzing rainfal effluent, non-point pollutant sources showed that total suspended solid (TSS), chemical oxygen
demand (COD), biochemical oxygen demand (BOD), total nitrogen (TN), total phosphorus (TP), chrome (Cr), zinc (Zn), and lead (Pb) can be
removed through non-point pollutant reduction facilities by 60.3% ~ 100%. Especially remova efficiency of TSS, COD and BOD isrelatively
higher than remova efficiency of other non-point pollutant sourcesin al kind of non-point pollutant facilities.

CONCLUSIONS: Based on the result of this study, even though natural type of non-point pollutant reduction facilities for roads occupy
small areas comparing with drainage basin areas, most of non-point pollutant sources would be removed through the facilities.
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Table 1. Characteristics of Study Area and Facilities

Characteristics of Study Area

— Route Name: National Highway Route 43 (Yeongi—
Goseong)

— Location: Yuchon-ri Jeonui-myeon Sejong~Galmae-ri
Baebang eup Asan

— AADT: 45,785 vehicles/day (base year: 2011)

Characteristics of Implemented Non—point Pollutant
Treatment Facilities

Basin Design Design _Facilit_y
area(m?) | Rainfalllmm) | Capacity(m?®) Dimension
(WXLXH. m)
@] 1,020 53 10.8 2.90X19.6X1.85
@ 950 5.3 4.8 2.80x8.60x1.55
@ | 3,200 53 16.1 5.20X23.1x1.71
@ | 3,600 53 18.1 6.30%15.7X1.65
® | 2340 5.3 1.8 2.60X26.20%1.55
® | 1620 53 8.2 2.65X31.25X1.65

@ Grassed Swale

@ Small Constructed Wetland

@ Free Water Surface Wetland

@ Horizontal Sub—Surface Flow Wetland
® Rain Retention Garden

® Sand Filtration
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(b) Small Constructed
Wetland

(a) Grassed Swale

(d) Horizontal Sub—Surface
Flow Wetland

RT3 v o = 8

(c) Free Water
Surface Wetland

(e) Rain Retention Garden (f) Sand Filtration

Fig. 1 Implemented Non—point Pollutant Facilities in
Study Area
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Table 2. Analysis Methods for Non—point Pollutants

Classification Method of Analysis
1SS Method of Glass Microfibre
Filter
5-days BOD Test (Standard
St Method)
CODer Dichromate Method
TN Ultraviolet Absorption Photometry
TP Ascorbic Acid Method
Heavy Metals (Cr, Zn, Pb) | Instrumental Analysis
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Table 3. Summary of Monitored Rainfall Events in the Study Area

No. of Advanced Dry | Total Rainfall el el Total Inflow
Facilities Event Event Date Days (day) (mm) Duration Time Intensity (m’)
Y Y (hr) (mm/hr)
1 07. 02. 2013 43 5.0 0.8 6.3 0.1
2 07. 04. 2013 0.9 8.0 53 15 2.1
@ 3 07. 07. 2013 1.8 1.0 0.4 25 0.1
Grassed Swale
4 07. 17. 2013 2.3 56.5 7.2 7.8 15.5
5 07. 28. 2013 42 15.0 6.0 25 25
® 1 07. 02. 2013 43 5.0 0.8 6.3 0.1
Small 2 07. 04. 2013 0.9 8.0 55 1.5 4.1
Constructed 3 07. 07. 2013 1.8 1.0 0.4 25 0.3
Wetland 4 07. 17. 2013 23 60.0 82 7.3 24.9
® 1 07. 02. 2013 43 5.0 12.5 0.4 3.8
Free Water
Surface Wetland 2 07. 04. 2013 0.9 8.0 3.6 2.2 3.9
@ 1 07. 02. 2013 43 5.0 12.5 0.4 0.4
Horizontal Sub— 2 07. 04, 2013 0.9 8.0 3.5 2.3 3.5
Surface Flow 3 07. 07. 2013 1.8 1.0 2.1 0.5 1.2
Wetland 4 07. 17. 2013 23 565 7.2 7.8 67.2
1 07. 02. 2013 43 5.0 0.8 6.3 0.7
6 2 | 0704 2013 09 8.0 55 15 45
Rain Retention
Garden 3 07. 07. 2013 1.8 1.0 2.1 05 1.2
4 07. 28. 2013 42 15.0 55 27 3.6
1 07. 02. 2013 43 5.0 12.5 0.4 0.7
® 2 07. 04. 2013 0.9 8.0 55 1.5 5.1
Sand Filtration 3 07. 07. 2013 1.8 1.0 2.1 0.5 0.1
4 07. 17. 2013 2.3 59.0 78 7.6 14.7
o) W9l Vb, a2n e 4 24 EedEdE A

AT QLA A TSSE oF 6.6~34.3mg/L,
COD¥ ©F 12.6~116.9mg/L, BOD:= ¢F 2.6~14.5mg/L,
TNO| 79 F 1.3~8, 8mg/L TP 9F 0.1~ 0.4mg/Lo]
dom FFE0 AL Crol ¢F 0.2~0.3mg/L, Zn7}
o.3~o.5mg/L, Pb% 0.1~0.2mg/Le] WY& Yepdr}

A5 5Y AE5A9 A TSS oF 42.6~81.9
mg/L, COD F 75.4~108.3mg/L, BOD <F 12.7~
13.8mg/L, TN ¢F 2.5~3.9mg/L, TP °F 0.4~0.6
mg/Lel¢ler, Cret Zn9] 7% 247} 0.2 mg/Le}t 0.3
mg/Lo]%13l Pbe 0.1~0.2mg/Le] W= 4% A
o2 UehgT

FRAEEE AFEAY A TSS oF 9.5~82.1
mg/L, COD ©F 17.4~280.3mg/L, BOD ¢F 3.0~
14.5mg/L, TN ¢ 1.3~3.0mg/L, TP ¢<F
0.1~3.7Tmg/Lolglen, Cr& 9F 0.2~0.3mg/L, Zn
°F 0.2 ~0.4mg/L, Pb 2 0.1~0.2 mg/L2] M= &
SRR RCA-IRE 1= s =

= TSS 94: 4.92~35.9mg/L, COD ¢ 27.0~73.3 mg/L,
BOD 9F 2.4~9.0mg/L, TN ¢F 2.8~7.0mg/L, TP= 4
o] muUE oA BE oF 0.3mg/Lol e, Cre oF
0.1~0.2mg/L, Zn ¢ 0.1~0.4mg/L, Pb ¢F
0.1~0.2mg/Le] He| &2 eyt

5 mefolma e AL TSS oF 12.8~30.6
mg/L, COD ¢F 21.8~180.0 mg/L, BOD 2 1.9~
17.8mg/L, TN ¢ 1.~9.5 mg/L, TP ¢F 0.1~0.8
mg/Lolgleon, 349 Cre oF 0.2~0.3mg/L, Zn
oF 0.3~0.4mg/L, Pb °F 0.1~0.2mg/Le] HYZ
AH A o= eyt

ZF M L AAIA R EE fE2E AeREe 4
T RUHY 717 F FE7H S g2 AR
o BlEA S AlLstar At F5A19 49 TSS
= 9F 6.0mg/L, COD+= °F 12.5mg/L, BOD+= F 2.8
mg/L, TN 2<% ¢F 1.0mg/L, TP= oF 0.1mg/L,
Cr& 0.3mg/L, Zn% Pb: Z+2F 0.3mg/Le} 0.2
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0.1lmg/L, Cr& 0.1mg/L, Zn®} Pb= 27+ 0.2mg/L
9} 0.1mg/LE 4=},
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Table 4= 7 =2 H|H L IATAIE 9 73244

o] EMC £44 35 YehfiQich,

FHA}EEY AT A BUER 717t 53 3.2, LESE PS5 A
kg e] fE47F At o TSSE Bt 4.1mg/L, S AEA Halek AHS nUEE § 7o w
COD 11.5mg/L, BOD 2.2mg/L, TN 1,3mg/L, TP 2 H A AR 9olE eolHalEr (990F ¢
0.1mg/L, Cr 0.2mg/L, Znt Pbe Z42F 0.2mg/L o2z 23 A7 A ARHE 925 92Ha1 (&
2 AU 29 298d DS 47 AR 5 P GAA
Aot s maloTia Ao A BUEY 17t F 1 Aol eomd Azlud ) goastel & 9wl
A ] &7t WSk o TSSE oF 45.3mg/L, I F FEFolEE dalsto] e dEA AE S
COD*= 9F 14,7mg/L, BOD+= ©F 3.8mg/L, TN 7 & A sk WHAE AHESEYITE (Moon et al., 2014)
% 9F 1.6mg/L, TP= ¢F 0.2mg/L, Cr< 0.2mg/L, oFol| A AFYE EMCZHS BaleF 3R (SOL)S o]
7/ne} Pb= 242 0.3mg/LeF 0.2mg/LZ YERT, g3to] ©9] W SZBalEES ALKl on 1 ATl
7 2 29 F-REsY EMCE HwEAs|E  Table 59F 2Tt
Table 4. EMCs of Rainfall Events in the Study Area
No. of TSS CODcr BOD TN TP Cr Zn Pb
Facilities ’
Event| |n | oOut| In [ Out| In [ Out| In | Out| In | Out| In | Out| In | Out| In | Out
1 149| 0.0| 462 0.0| 134 0.0| 49| 0.0, 03| 0.0 02| 00| 03| 00| 02| 0.0
2 120| 0.0| 266| 00| 26| 00| 20| 0.0 0.1 0.0 03| 0.0| 03] 00| 02 0.0
@ 3 |1534| 0.0(1947| 00| 96| 0.0 143| 0.0 16| 00| 03| 00| 04| 00| 02| 0.0
4 49| 0.0 11.2] 0.0, 34| 0.0 1.2] 0.0 01| 0.0| 02| 0.0| 03] 0.0| 02| 0.0
5 10.2| 0.0| 50.2| 00| 46| 00| 40| 00| 02| 00| 02| 00| 03| 00| 02| 00
1 19.1] 0.0| 438| 0.0] 145| 0.0 51| 0.0 03| 00| 02| 00| 03| 0.0 0.1 0.0
2 141| 00| 302| 00| 26| 00| 36| 00| 02| 00| 02| 00| 03| 00| 02| 0.0
@ 3 343| 0.0|1169| 0.0| 96| 00| 88| 00| 04| 00| 03| 00| 05| 0.0| 02| 0.0
4 66| 60| 126| 125| 3.0| 28 1.3 1.0 0.1 01] 03| 03| 03| 03] 02| 0.2
1 426| 157| 754| 209 | 188| 73| 39| 23| 04| 02| 02| 02| 03| 02 0.1 0.1
© 2 819 | 11.1]1083| 235| 127 31| 25| 27, 06| 01| 02| 02| 03| 03| 02| 02
1 376| 0.0| 389| 00| 145| 0.0, 85| 0.0 16| 00| 02| 0.0, 04| 0.0 01] 0.0
2 14.4 31| 746| 196| 11.3] 32| 3.0 1.9/ 04| 01| 02| 02| 03| 03] 02| 0.2
® 3 821| 6.8|2803| 74| 124 211 159 30| 37| 01| 03] 03| 04| 03| 02| 02
4 95| 63| 174 191 3.0| 33 13| 0.3 0.1 01| 02| 02| 02| 02| 02| 02
1 359| 00| 32| 00| 90| 00| 34| 00| 03| 00| 02| 00| 04| 0.0 0.1 0.0
2 54| 0.0| 270, 0.0| 24| 00| 28| 0.0| 03| 0.0, 01} 0.0 01| 0.0 0.1 0.0
© 3 99| 0.0| 783| 00| 59| 00, 70| 00| 03| 00| 02| 00| 04| 00| 02| 0.0
4 42| 0.0| 437 00| 45| 00| 42| 00| 03| 00| 02| 00| 03| 00| 02| 00
1 586| 0.0(180.0| 0.0| 178| 0.0| 64| 0.0| 08| 0.0, 02| 0.0| 04| 0.0 0.1 0.0
2 128 0.0 21.8| 0.0 19| 0.0 1.6 0.0 01} 0.0, 03| 00| 04| 0.0 02| 0.0
© 3 306| 0.0| 992| 0.0, 90| 0.0| 95| 00| 02| 00| 03| 00| 04| 00| 02| 0.0
4 155 453| 321| 147| 49| 38 1.8 1.6 01| 02| 02| 02| 03] 03| 02| 02
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Table 5. Results of SOL Estimate

Facilities | Parameters TSS CODcr BOD TN TP Cr n Pb
Inflow 137.4 371.2 71.5 341 1.5 47 5.9 35
@ Runoff 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
# of Reduction 137.4 371.2 7.5 341 1.5 47 5.9 3.5
Inflow 235.8 479.0 90.8 49.2 19 7.3 79 5.1
@ Runoff 39.2 80.7 17.9 6.3 0.3 1.6 1.7 1.1
# of Reduction 196.6 398.3 72.9 429 1.6 57 6.3 4.0
Inflow 483.3 M4 101.9 246 4.0 1.6 2.1 1.2
©)] Runoff 38.1 61.0 15.2 6.8 0.5 0.5 0.6 0.4
# of Reduction 4452 650.4 86.7 17.8 35 1.1 1.5 0.8
Inflow 804.9 1,787.3 259.8 118.3 1.7 15.6 17.7 12.8
@ Runoff 54.6 169.1 29.2 3.2 1.0 1.9 2.0 14
# of Reduction 750.3 1,618.2 230.6 1151 10.7 13.7 15.7 1.4
Inflow 747 3879 39.6 38.1 2.7 1.6 2.2 15
® Runoff 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
# of Reduction 747 387.9 39.6 38.1 2.7 1.6 2.2 15
Inflow 337.0 719.2 94.3 404 3.2 49 71 41
® Runoff 133.8 433 1.3 48 0.6 0.7 0.7 0.5
# of Reduction 203.2 675.9 83.0 35.6 2.6 4.2 6.4 3.6
ZF AFA HIH L EAAAAEE QHEA Roleks A W2 ol AEE AoR YEgor o2
A EAE AP AFEAY] AL TSSY AfHFS A5 EF AeSAl, RHjoaalde o8 EAEG]
°F 196.6g0]21.2.™ COD®J 7- 398.3g, BOD 72.9g,  t. COD®| - TSSet 20| B A5557 554
TN 42.9g, TP 1.6g, Cr 5.7g, Zn 6.3g 18] Pbe] 7F 7P g2 e 9ed AfEE UEdeler oo
AATFS oF 4.0g9 A2 B Q) 2 Bfjojii e, AREEF AFEA, ot QF
9523 QEaA 2 A9 TSS 445.2¢, COD w4 «o&2 A TN, TP 121 559 4
650.4g, BOD 86.7g, TN 17.8g, TP 3.5g, Cr 1.1g, ¥ TBAFEETE AT5A7 7H @2 F& Ast
Zn 1.5g 12)1 Pbi ¢F 0.80g AQEHE Zow B4 £ A2 Z4E

=ik,

FRAGEEE AFHAY A TSS 750.3g, COD
1,618,2g, BOD 230.6g, TN 115.1g, TP 10.7g, Cr
13.7g, Zn 15.7g 12]1l Pbe= 9F 11.4g0] ALEH= A
o BAET,

oAl o] A TSSY A7 ¢F 203.2g,
COD 675.9¢, BOD 83.0g, TN 35.6g, TP 2.6g, Cr
4.2g, 7n 6.4g 71 Pbe] AL oF 3.6g¢l e
= AU

g Aol BlEAdHe] A U 7t &
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Fig. 2 Reduction Rate of Non—point Pollutants by Facilities
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