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Abstract — The declining trend of COD concentrations in environmental management areas reversed in 2010,
showing an increase, though the cause remains unclear. This study suggests that the increase in road runoff due to changes
in the sewer system may be the primary reason. Since 2010, sewer separation projects have led to a decrease in
combined sewers and a sharp rise in separated sewers. The increase in separated sewers, which discharge untreated
stormwater directly into the sea, likely resulted in a higher influx of road runoff with high COD concentrations into
coastal areas. Indeed, COD concentrations in the environmental management areas showed a significant positive
correlation with road runoff-related indicators. Through regression analysis, the study provides estimates for the
reduction in road runoff indicators necessary to achieve a 0.1 mg/L decrease in COD concentration, which could
serve as a basis for future COD reduction planning.
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Fig. 1. Map of Special Management Areas (outlined in red) and Environmental Conservation Areas (outlined in green). Red dots indicate
marine environmental monitoring stations within the areas, and blue squares represent precipitation monitoring points.
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Fig. 2. Quarterly (February, May, August, November) time series of surface COD concentrations in Environmental Management Areas from

1997 to 2023.
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Fig. 3. Quarterly (February, May, August, November) time series of bottom COD concentrations in Environmental Management Areas from
1997 to 2023.
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Fig. 4. Time series of sediment COD concentrations in February 2011~2023 in Environmental Management Areas.
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Fig. 5. From 1997 to 2023, al shows annual precipitation, a2 shows paved road length (PRL; left y-axis) and traffic (right y-axis), a3 shows
combined sewer side drain length (CSSDL; left y-axis) and separate sewer side drain length (SSSDL; right y-axis), and a4 shows effluent
discharge from sewage treatment plant (EDSTP) in the Gyeonggi-Incheon region. Panels b-d follow the same structure as a, but for different
regions: b: Jeonnam, ¢: Gyeongnam, d: Ulsan. The data trends for the first half (1997~2009) and second half (2010~2023) are indicated

on the graphs.
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Fig. 6. Scatter plots of annual mean surface and bottom COD concentrations against 1) annual precipitation, 2) traffic, and 3) Ratio of sep-
arate sewer side drain length to paved road length (SSSDL/PRL) from 2005 to 2022 in Environmental Management Areas. The correlation
coefticients between surface and bottom COD concentrations and each indicator are shown on the graph. * indicates a significant correlation
(P < 0.05).
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Fig. 6. (continued).
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Fig. 7. Scatter plot between observed and calculated COD concentrations in Environmental Management Areas. The R” value of the regres-
sion models is shown on the graph.



B AlAEL sl 7o whE 3]sl coD % St 13

Table 1. Linear regression equations for predicting COD concentration using traffic and SSSDL/PRL* as independent variables by Environmental

Management Area

Regression equation

. 5 s
Region x, = Traffic (vehicles/day), x, = SSSDL/PRL* (m/km) R Model Reliability
. Surface COD = 0.263 x 10x, + 6.757 x 107x, + 0.799 0.19 A, C
Sihwa-Incheon Coast B 3 .
Bottom COD = 0.668 x 10%x, + 12.574 x 10”x, — 0.768 0.63 reliable
Surface COD = 2.659 x 10*x, + 23.442 x 10°x, —1.603 0.67 reliable
Gwangyang Bay B 3 X
Bottom COD =4.942 x 107x, + 24.496 x 10°x, — 3.693 0.80 reliable
Surface COD = 2.498 x 10*x, — 4.384 x 107, — 0.304 0.06 A,B,C
Masan Bay 4 3
Bottom COD =2.696 x 10*x, — 0.307 x 10°x, — 1.419 0.53 B
Surface COD = 0.769 x 10*x, + 5.745 x 107x,~ 0.099 0.53 B
Busan Coast 4 3
Bottom COD =3.155 x 10™x, — 3.019 x 10”x, — 3.159 0.76 B
Surface COD =1.107 x 10*x, — 0.451 x 107x, — 0.083 0.27 A, C
Ulsan Coast 4 3
Bottom COD =2.345 x 10™x, — 0.452 x 10”x, — 1.870 0.59 A
Surface COD =2.502 x 107*x, + 17.647 x 10°x, — 1.453 0.71 reliable
Hampyeong Bay u 3 .
Bottom COD =2.139 x 10%x, — 23.514 x 10~x, — 1.076 0.72 reliable
Wando-D B Surface COD = 2.532 x 10™x, +21.185 x 10~x, —1.940 0.75 reliable
ando-Doam Ba
Y Bottom COD = 3.632 x 10™x, — 24.779 x 10”x, — 2.941 0.77 reliable
Surface COD = 0.305 x 10™x, + 16.536 x 107x, + 0.305 0.46 C
Deukryang Bay 4 3 i
Bottom COD =1.848 x 107x, — 16.550 x 10~x, — 0.978 0.58 reliable
Surface COD = 0.487 x 10™x, +22.936 x 107x, — 0.113 0.41 C
Gamak Bay

Bottom COD = 3.259 x 10™x, — 13.787 x 107x, — 1.939

0.62 reliable

*SSSDL: Separate sewer side drain length(m), PRL: Paved road length(km).
**A, B, C indicate that the model is unreliable. A: low correlation between independent and dependent variables, B: presence of multi-

collinearity (VIF>10), C: R* of Model < 0.5.
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Table 2. Required reductions in traffic (vehicles/day), CODy, g * (g/day), and SSSDL/PRL** (m/km) to achieve a 0.1 mg/L reduction in COD

concentration by region

Region Target Traffic (vehicles/day) COD . * (g/day) SSSDL/PRL** (m/km)
Sihwa-Incheon Coast Bottom COD 1497.4 4570.8 8.0
Gwangyang Bay Surface COD 376.1 1148.1 43
Bottom COD 202.3 617.7 4.1
Surface COD 399.7 1220.2 5.7
Hampyeong Bay Bottom COD 467.4 1426.8 43
Wando-Doam Bay Surface COD 395.0 1205.6 4.7
Bottom COD 275.3 840.3 4.0
Deukryang Bay Bottom COD 541.2 1651.9 6.0
Gamak Bay Bottom COD 306.8 936.6 7.3

*COD1gc: COD emissions from vehicle operation (g/day).

**SSSDL: Separate sewer side drain length(m), PRL: Paved road length(km).
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