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Abstract

Growth in population and urbanization has progressively increased the loading of pollutants from nonpoint sources as

well as point sources. Especially in case of road regions such as city trunk road, national road and highway are rainfall and
pollutants runoff intensive landuses since they are impervious and emit a lot of pollutants from vehicle activity. This research
was conducted to investigate the nonpoint sources concentration and quantifying stormwater pollutants which are contained
in rainfall runoff water. Three different monitoring sites in Jinju and Changwon city were equipped with an automatic
rainfall gauge and flow meter for measuring rainfall and the volume of rainfall runoff. In the case of average EMC value, city
trunk road was shown the highest value in target water quality items like as BOD, COD, SS, TN and TP. Or the amount of
runoff loads by water quality items showed the highest value in city trunk road. And runoff load in city trunk road was 43.8
times high value compared to highway by value of city trunk road 356.7 mg/m’, highway 8.150 mg/nv', national road 19.99 mg/

m’ in the case of BOD.
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Table 1. Analysed items and analysis methods

Item Uunits Methods
Temperature ~ C 556mps (YSI)

pH - 556mps (YSI)

DO mg/ ¢ 556mps (YSI)
Conductivity us/cm 556mps (YSI)

20°C 5days cultivation & check DO

BOD mg/ ¢ before incubation and after
incubation DO
COD mg/ ¢ KMnO; method at 100C
SS mg/ ¢ Total solids dried at 103~105C
T-N mg/ ¢ Ultraviolet methods
T-P mg/ ¢ Persulfate digestion method
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Table 2. Runoff loads and EMC according to monitoring time for city trunk road

Date Event Rainfall Runoff Runoff Dry Runoff loads(g) EMC(mg/ 2)
No. (mm) (m’) rate days BOD COD SS T-N T-P BOD COD SS T-N T-P
09/03/13 CEl 11.5 3.89 0.27 7 11.8 946 1676 7.7 05 3.0 243 430 1968 0.120
09/03/21 CE2 25.4 18.8 0.60 7 421 3459 4449 253 20 22 184 23.6 1343 0.104
09/04/13 CE3 14.1 11.3 0.65 21 605.6 2797.5 794.6 1540 169 535 2469 70.1 13.592 1.496
09/04/20 CE4 34.5 19.1 0.45 7 560.6 4247.6 1203.7 1552 11.5 294 2226 63.1 8.134 0.605
09/04/24 CE5 14.9 16.2 0.88 4 4423 26358 5787 975 6.7 273 1627 357 6.021 0415
09/05/12 CE6 5.0 4.79 0.77 8 433.6 3643.7 5742 413 8.0 90.6 761.0 119.9 8.619 1.668
09/05/17 CE7 28.3 20.1 0.57 4 634 1829 8168 261 27 32 9.1 407 1302 0.134
09/06/09 CES8 153 8.71 0.46 5 401 945 772 158 15 46 108 89 1810 0.174
09/06/21 CE9 86.1 96.1 0.90 5 2406 489.6 15413 977 72 25 51 160 1.017 0.075
Average 26.1 22.1 0.62 7.6 271.1 16147 6888 69.0 63 240 1623 468 4.867 0.532
Max 86.1 96.1 0.88 21 605.6 4247.6 15413 1552 169 90.6 761.0 119.9 13.592 1.668
Min 5.0 39 0.27 4 118 945 772 77 05 22 51 89 1.017 0.075
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Table 3. Runoff loads and EMC according to monitoring time for highway

Date Event Rainfall Runoff Runoff Dry Runoff loads(g) EMC(mg/ ¢)
No. (mm) (m)  rate days BOD COD  SS T-N T-P BOD COD SS TN T-P
09/03/13  HEI 9.1 133 073 7 245 1124 5179 216 14 18 84 389 1.625 0.102
09/03/21 HE2 229 339 074 7 1947 6694 23742 701 34 57 198 70.1 2.072 0.099
09/04/20 HE3 562 926 082 5 2080 7915 21803 1746 53 22 85 235 1.885 0.058
09/04/24  HE4 6.2 68 055 3 94 651 1046 93 05 14 95 153 1362 0.068
09/05/15 HE5 149 11.0 037 3 163 1057 2198 225 0.5 15 9.6 200 2055 0.046
09/05/21 HE6 1025 169.1 082 3  367.6 929.0 28993 1463 144 22 55 17.1 0.865 0.085
09/06/22 HE7 199 324 081 10 366 1121 3977 280 28 1.1 35 123 0.863 0.086
09/06/29 HE8 207 367 089 6 874 1865 1119 526 1.7 24 51 3.0 1431 0.048
Average 3.6 495 072 55 1181 3715 1,100.7 583 33 23 37 250 1350 0.070
Max 1025 169.1 089 10 367.6 929.0 2899.3 1746 144 57 198 70.1 2.072 0.102
Min 6.2 68 037 3 94 651 1046 93 05 1.1 35 3.0 0863 0.046




1380

400 m= WAL Z 12,400 mo|Qrh 2 Aol RAL
oA A A FEo] - oF 5%2] YR BERAGS
EF e Ftol| 3 e R AT 7} vl A
zh o] 9lglom, ojeh -2 =t 21 of| thsf sy
7F & BUE Y AIE Table 40f 425319}
Table 40| 2~25] v}9} Zro| 7h-22F2 3.5-119.5 mn
HRAR AR 37] 0] wEA S F A M= 7t
2 GA Ao, ARG ReHAS
12,400m' 0.2 ZAAF WEA| S 340 =2 & = 7}
2 JAeudS Belom, A 55
o] ¥ 9] 16.25-835.6 M O.2 Y& 7%
A2 &S B2 E3 YA YeERdTh 9]
A3t T2 §E80] A9 W 40%E Hom, X
2 32%00 4] Fth 56%2] HeE =A==t
L 2o v F FEES Bk ol |
Aol w2 27] ST 7 Y4t Yof] 3
e B o] ofgt JeFo R g, Rl

ot
o AL i
Hl
o
_|l;

ox W orle K

A FE501Fe] 79 Table 40 =55 vjet
dol &L 29| {& ST FAHA Zbe=Fel #
Slol M| f=H skl vEeslelch o= 1%
of Zro] L AL9] AT A H 1 AR A
A FEo] A9 F2ol| S E e, fA1E
7} YA o] FolXl A|H o2 1Al FaFo] A
Hj A Q1 A 79 mof] vlsf AFAZ Q1 FaFl A5
Fo] H3to]| HIZHSHA| Whg-Sh= A o= AR QUL
= eof| gt f-E5lRke] 7-9- Table 30 =545

o

- o]&4 -

o
E
r

e} o] Z-9ako] 119.5 mit 714 Bete A9AM

NETOlA] ZAA BE ge] fasstaol /b4
A hepom, Boagel by A9k BoAM

[e] -
NE66]4] COD 328 A|2latirts §&majeo] 7}
AQpTy, S x| olo] ot W §ERS BE
H2 Al EE BOD 539.5 g, COD
3,709.6 g, TN 1772 g, TP 13.9 g& 7z}zF Rd.on,
SAE o Ay HL $ER ko] 49 BOD
10.3, COD 6.5, SS 34.3, TN 9.1, TP 55.2¢] Z}o =
AR 4 79 550 ¥ 5149] gLow TP FEL
Aolstae HdyEs gERstEe] go] HdyHa
e gzwol ghol HaAE WA 2AE I ol
S Q5] ol AP 2.9
Q= o] dot £ EMC
ol We A9 e He0E
5] 4]0} H]iLE WS EMC 5
=5 tehy] PRTEE B  EE E
4 &350 glo] WA Ueht Ao wekelry,
2z 7] o] thgt EMC 550] 79SS} TP 3
& Alolslae B&Ew] HlglAL & EMC B
= 2o, st Hi EMC £ BOD 4.0, COD
15.2, SS 14.9, TN 1.430, TP 0.050 mg/ ¢ < Z}ZF H )
©m, Z-9A14F  Zoj EMC Zhol] et 214 EMC 3t
9] v]&= 7k BOD 4.9, COD 10.1, SS 5.9, TN 5.7,
TP 3.99] gro.2 ol sk 2oy H4 29 L &
2 v)9] 34,15} 51.40] W8} BE g4 ot
8] W b YRRl o] i ql7e] ZAbiil

ot

O,
ooy 2
> o
TN

)

How o
o

A U o
oy o

off off 1 ol
r
=)
off

Lo
to
N of
Eﬁfﬂmn
.

2

o)

ot

9
S\ENE
B

Table 4. Runoff loads and EMC according to monitoring time for national road

Date Event Rainfall Runoff Runoff Dry Runoff loads(g) EMC(mg/ £)
No. (mm) (m’) rate  days BOD  COD SS T-N T-P BOD COD SS T-N T-P
09/03/13  NE1 275 16745 049 7 5152 1983.8 1291.1 1892 6.2 3.1 11.8 7.7 1.130 0.037
09/04/25 NE2 20.0 91.71 037 32479 5413 10790 111.7 27 27 59 11.8 1.218 0.030
09/05/12  NE3 5.0 19.95  0.32 8 1397 5553 3946 649 10 7.0 27.8 19.8 3.255 0.052
09/05/21  NE4 104.0 409.52 032 3 8487 1820.8 9406.5 3349 323 21 44 23.0 0.818 0.079
09/06/10  NE5 340 153.16 0.36 5 5007 14813 5988 1915 180 33 9.7 39 1250 0.118
09/06/21  NE6 35 16.25  0.38 10 1347 6889 3743 519 09 83 424 23.0 3.193 0.055
09/06/29  NE7 119.5 8356 0.56 6 1389.6 35413 12822.7 4735 49.7 1.7 42 153 0.567 0.060
Average 44.8 242.0  0.40 6 5395 1,516.1 3,709.6 1772 139 4.0 152 149 1.430 0.050
Max 119.5 8356  0.56 10 1389.6 3541.3 128227 4735 49.7 83 424 23.0 3.255 0.118
Min 35 16.25 032 3 1347 5413 3743 519 09 1.7 42 39 0.567 0.030
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Table 5. The rainfall and runoff data according to roads use

AFEEH B4 1381
FARE A -AVE o2 8, A
H s, EMC gL 3 358 fE58 2
8 52 24819 Table 5-60 $2515.0m, 79

1-30]) EAlSl LY.

Table 50] $~2% upe} o] =2 oy ko o=
B 7|2A820) A e
mm, EEE 14.9 mn, =% 20.
O] ¢ AL 1.76, 115
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Area Dry Rainfall Rainfa}ll Rain start Rain end Runoffstart ~ Runoff Total Total Runoff
Road use (mz) days  (mm) Intensity time time time end time ramga” R“n?ff rate
(mm/hr) (m’) (m’)
09/04/24 09/04/25  09/04/24 09/04/24
Trunk 1240 4 14.9 1.76 19:00 0327 19:30 0330 18.5 16.2 0.88
Highway 2000 3 149 347 09/05/15 09/05/17  09/05/16 09/05/16 208 110 037
21:35 01:53 14:43 22:53
. 09/04/24 09/04/25  09/04/24 09/04/25
National 12400 3 20.0 243 19:07 04:20 20:30 04:30 248.0 91.7 0.37
Table 6. The concentrations of rainfall-runoff water in three kinds of roads use (mg/ 2)
Conc. BOD COD SS T-N T-P
Trunk Highway National Trunk Highway National Trunk Highway National Trunk Highway National Trunk Highway National
S1 138.8 1.7 6.61 693.0 8.5 17.6  107.0 27.1 26.0 36.394 2302 2746 1.014 0.094 0.112
S2 1306 1.8 5.04 7120 9.2 139 86.0 223 15.6 41.539 2.137 2.434 1.108 0.085 0.060
S3 127.1 2.1 4.84 581.0 193 141 1240 192 232 31.622 2.171 2408 1.127 0.070 0.068
S4 110.0 23 5.97 579.0 16.1 182 740 242 60.0 37.046 2.222 2.138 1.184 0.060 0.202
S5 754 2.1 4.02 547.0 14 122 80.0 13.6 28.0 33.859 2.002 1.544 1.139 0.071 0.073
S6 645 2.0 3.52 629.0 135 7.0 112.0 383 38.0 22.109 2.165 1.367 1.028 0.101 0.028
S7 547 1.7 3.04 480.0 121 6.8 540 162 9.6 18274 2.021 1.405 0.941 0.056 0.028
S8 40.1 1.5 3.12 2540 104 6.1 40.0 124 8.8 1.968 2275 1.123 0.724 0.052 0.029
S9 25.0 1.5 2.84 154.0 9.2 6.1 51.0 175 10.4  2.102 2.053 1.001 0.509 0.053 0.034
S10 17.5 1.3 2.61 57.6 8.4 53 340 11.1 6.8 1.739 2248 1.024 0.288 0.029 0.029
S11 14.5 1.3 2.31 44.4 7.9 4.2 24.0 20.2 6.8 0.828 2.017 0.785 0.134 0.036 0.025
S12 8.0 2.0 352 3.8 14.0 5.6 0.797 1.188 0.185 0.007
S13 5.9 1.8 30.8 43 14.0 6.4 0.607 1.682 0.100 0.018
S14 1.6 3.5 6.0 1.787 0.020
Ave. 625 1.8 3.5 369.0 11.7 8.8 62.6 20.2 179  17.606 2.150 1.617 0.729 0.060 0.052
Max. 138.8 23 6.6 7120 193 182 1240 383 60.0 41.539 2.302 2.746 1.184 0.101 0.202
Min. 5.9 1.3 1.6 30.8 7.9 3.5 140 11.1 5.6 0.607 2.002 0.785 0.100 0.029 0.007
EMC 27.3 1.5 2.7 162.7 9.6 5.9 35.7  20.0 11.8  6.021 2.055 1.218 0.415 0.046 0.030
Unitroads 3567 150 1099 2126 52.85 43.65 4667 1099 87.02 7863 1125 9.008 5403 0250 0218

(ng/ 1)
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Fig. 1. The rainfall-runoff, runoff- water quality in city trunk road(09/04/24).
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