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The Impact of Land-Based Pollutant from the Han River Estuary

on the Coastal Waters of Incheon

Moon-Khee Shin', Hye-Min Lee?, Kyo-Young Kim, Hee-Jong Yoo, Byung-I1 Yoon?,
Jong-Wook Kim?, Jin-I1 Songl), Seung-Buhm Woo?, Sang-In Choi, Mun-Ju Kwon

Division of Marine Research, Incheon Research Institute of Public Health and Environment

YDepartment of Ocean Sciences, Inha University

Abstract

We investigated the impact of land-based pollutants, including the Total Maximum Daily
Load(TMDL) for water quality pollution in the Han River basin, on the coastal waters of the
Incheon region. Also, modeling of the dispersion of pollutants using an ocean circulation
model was simulated for the movement and diffusion of water quality pollutants.

From 2018 to 2022, the total nitrogen pollutant load in the Han River estuary has shown
a pollution contribution distribution of 79.3 % from the Han River basin, 16.6 % from the
Imjin River basin, and 4.1 % from the Incheon basin, respectively. Over the past 10 years
(2013 - 2022), an analysis of the spatiotemporal trends in the Incheon coastal waters(34
sampling points) using seasonal Mann-Kendall tests revealed a decreasing trend in six water
quality pollutants such as DIP, Chlorophyll-a, bottom layer oxygen saturation, TOC, TN, and
TP. In particular, statistically significant improvements for the ecological-based seawater
quality index(WQI) were observed at both 10 points influenced of Seokmo channel and 5
points influenced of the Yeomha channel, respectively. Furthermore, the simulation of salinity
dispersion in the Han River estuary, using an ocean circulation model, revealed intriguing
dynamics. During the maximum ebb tide, the freshwater from the Han River and Imjin
River influenced the area up to Incheon Bridge and Palmi Island through the Yeomha
channel. On the other hand, the Yesong River was found to affect on the southern region of

Seokmo Island and the north side of Yeongjong Island through the Seokmo channel.

Key words : land-based pollutants, Han River Estuary, seasonal Mann-Kendall test, FVCOM model
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Fig. 1. The map shows the locations of the river water quality monitoring network for
investigating the Pollutant Delivery Load in the Han River estuary.
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Table 2. Analysis items for spatial and temporal
water quality assessment of Incheon
coastal.

Analysis items(10)

WQI, COD, TOC, TN, TP,
Chlorophyll-a, Transparency (TR),
Oxygen in the bottom layer (DOb)

DIN, DIP,
Dissolved




Table 3. Information on marine water quality monitoring stations in the Incheon.

NO. Station name Latitude | Longitude [NO. Station name Latitude | Longitude
S-1 |Incheon Port Dock Front| 37° 28’ 03" |126° 35’ 45"|S-18|Yeongheungdo South|37° 12’ 59"[126° 25" 57"
. (e} / " o 4 n Ganghwa ISIand (¢} 7 n o s n
S-2 |Yeongjong Island East|37° 29 11"[126° 34’ 59"|S-19 i B 377 38 207|126 227 50
g.3 | Incheon Port Cruise | 70 o a5l 560 357 g50|g.00| FEME GBI 1300 4o 45l 1060 177 300
Terminal West Narrsanpo Front
S5-4 Oido West 37° 200 39" |126° 40’ 12"|S-21| San8hwa Jumundo |50 0 o560 14 150
Ferry Terminal Front
, , Ganghwa Changhuri , |
S-5| Saeodo Southeast |37° 33’ 60"|126° 34’ 20"[S-22 37° 44’ 46" |126° 20" 47"
Front Sea
5-6 [LNG Terminal North|37° 23 14" |126° 33 50" |s-23| Canshwa Oeopori |50 40, aul 9560 23 gor
Front Sea
g7 | Yeonsheungdo l4n0 1 ol 1960 o4 agn|gpa| GAMBIWA Chojirl 1op. o0 soulgnge 350 41
Northwest Front Sea
S-8 |Geungari Island West|37° 19" 08" |126° 34’ 49" |S-25|Unyeomdo Northeast|37° 33" 09" |126° 35" 04"
S9| Daebudo North |37° 19’ 16"|126° 32’ 05"|S-26| LNG Terminal West|37° 20' 56" |126° 33’ 47"
5-10|Yeongheungdo North|37° 20° 00" |126° 29' 60" |g-27|San8hwWa Jangbongdol 4po 5 00011560 16 g4
Northwest
S-11|Deokjeokdo North (2)|37° 18" 20"|126° 09" 49" |S-28| Deokjeokdo West |37° 15 26"|126° 03" 55"
S-12|  Muuido East  |37° 24’ 03"|126° 28’ 02"|S-29|Deokjeokdo North (1)|37° 16" 22"[126° 09" 04"
S-13|Deokjeokdo North (3)[37° 23’ 51"|126° 09 16"[S-30] Mungapdo East |37° 09 59"|126° 07" 39"
S-14 | Wangsn Marira Pot West| 37° 26" 56" | 126° 17’ 53" |S-31 Ga“ghwv"‘vfset(’km(’d(’ 37° 42 20"|126° 15 35"
g.q5| Canghwa Jumun g0 g 0011560 09 20" 532 [Jangbongdo Southeast|37° 30 14" |126° 24 10"
Island Southwest
Ganghwa Seokmodo | , , , , P
5-16 37° 39 10" |126° 17’ 15"|S-33| Mungapdo West [37° 117 07"|126° 02" 46"
Southwest
S-17| Manseok Pier Front |37° 29" 37"|126° 37" 21"|S-34| Yeongheungdo West|37° 16" 03" |126° 25 47"
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Fig. 2. The map shows the locations of the marine water quality monitoring network for
investigating spatial and temporal trends in Incheon coastal area.

_4_



22 eI rnd S F83 FFols %
LEEA Y B4

221 2dAL
B Ao AMS-E FVCOM< Chen et al.
o03)e] Mg WA =, H3 AL,
3D 7]E ®FAA 9 24 3H 27 Aok
g mdojt 2w WAL 37 9
Lo thgt Mellor ¥ Yamada level 2.5
F M (Mellor and Yamada, 1982)3} <=
4k Aol e Smagorinsky < w7 W
T3} (Smagorinsky, 1963)5 7|EoE Iy
o, It s F FF EH(General Ocean
Turbulence Model, GOTM) R &9 tito =
Adelste]  ALE-Eo]  gkty(Burchard, 2002 ;
Choi et al., 2021). 3, FVCOM2 vwjA}LFA|
= EmM2 g g = F g dAgEl
o A&Hoz JMAEHI e 2ot
(Chen et al, 2004, 2006a, 2006b, 2007,

Cowles, 2008 ; Choi et al., 2021). 9 & E9,
A=Al AP o|ES Es

O
.,.4
0_1.4

X
of L du %

¢

-1 =
Hog WAL 53 FES 2E I

o
i

et al, 2002), =

9]
T fE Eg(Ge et al, 2012) & TI43 ZE
o] /A&l 2 ot FVCOMel gk A
3k A& FVCOM AF&AF 15779 (Chen et al.,
2006a)} thit A7) =1 (Chen et al., 2006b)°l

28] 71 H o] AtHChoi et al., 2021).

g
rO
A
o R
o
-0,
2
NI
ofo
ol
ol
r |
i)
1o
Y

>
ok
o
lo
il

o
rr

f 19 oX

—_
a1
S
=
8

ple

X [o
o Hu Hro DM

e 822 s AR 5e4E St
A71TAL st em, Ak LEE 49
wslste FAld sk AEE S AR

MFE=E = 438t (Fig. 3).

T T
Yeseong River

Imjin River

ERT
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Table 4. Water Quality and Discharge Survey Results(Average 2018 - 2022).

BOD COD SS TN TP TOC Flux
Category | Station
(mg/L) (m'/s)
PD 0 (la) 7 (Ib) | 72(I~I) 2452 | 0.039 (Ib) | 22 (Ib) 370.2
Han GU 4 (Ib) 0(Ib) | 69(I~) 2,601 | 0.040 (Ib) | 23 (Ib) 3525
River NR 9 (Ib) | 47 (1) | 89(I~I) 4395 | 0.069 (II) | 29 (Ib) 326.6
HJ 25 () | 56 (IM) | 20.3(I~I) 5746 | 0103 (W) | 34 (O) 358.3
I 7 (Ib) | 49 (M) | 204(I~MI) 3.297 | 0.068 (I) | 27 (Ib) 1412
Eﬂig MS 39 (M) | 65 (Im) 55.2 (IV) 4301 | 0171 (W) | 4.0 (O) 3.3
GN 58 (IV) | 97 (V) | 24.9(1~IN) 6.570 | 0213 (IV) | 52 (IV) 49
GP 24 () | 72 (V) | 91(I~Im) | 11.765 | 0249 (IV) | 46 (II) 79
Incheon NJ 44 (I | 69 (II) | 12.9(1~I) 4120 | 0178 (Im) | 44 () 0.3
GY 47 () | 6.8 (IO) 70.3 (IV) 3.559 | 0129 (W) | 41 (I) 0.3
* Water Quality Index : Ia (very good), Ib(good), I(fairly good), Il(fair), IV(fairly poor), V(poor), Vi(very poor)
Table 5. Pollutant Delivery Load Calculation Results(Average 2018 - 2022). (Unit : tons/y)
Category Station BOD COD S5 TN TP TOC
PD 12,070.0 45,556.5 150,019.6 27,839.1 638.4 28,799.9
Han GU 14,518.0 45,750.0 122,326.2 27,456.2 604.3 28,9720
River NR 18,700.7 48,201.8 120,533.0 38,900.8 828.5 29,465.0
HJ 27,190.7 61,870.8 258,133.6 56,546.5 1,242.7 37,172.8
IJ 6,167.5 17,2934 81,747.5 10,648.4 275.0 9,523.2
EE:; MS 439.2 676.0 4,904.7 401.0 18.6 435.8
GN 820.2 1,408.5 5,053.3 802.3 32.0 735.6
GP 645.3 1,807.7 2,384.6 2,888.5 64.3 1,148.3
Incheon NJ 38.2 60.9 159.3 33.9 1.4 38.6
GY 33.7 55.2 549.0 25.1 1.0 31.7
B 2AAR F AR FAN AR @FAT KESYel b Be Jolxs
g W7 fUvd AR ASRAT 4 JEn 9t BFAH A9 1047084
A BOD FEHSFE @7 770 % >~ 202d) AF FAAR} FFL o] gato]
A% 210 % > A 20 %2 AAHAJS. T FEFSF0 = 1200 AHE AE @A
A AS 3 793 % > AL 166 % > HABES AHAsEAtH(Table 6). pvalueZ} 0.05
AH 41 % o2 ZAMHJT. AA ZALE olalz EAAHoE §olste] Aol
EBOD 5 6F) AAYE fFERsFe] BFd o Hrid FHL 5P&Ho|th WY 7
ZEs 7 759 % > A 214 % > <] £7] BAIESen’s slope)oZ AHE ¢ =
A 27 %E FE FAH A B9 o A4S BODE 3F 1135 ton, TP 15.0 ton,

313 FE%3=F 7]

AG FALH

NH;-N 52.5 ton, DIP 14.5 ton 131
= 13.7 tond
102 BAE T

>.\I

G 8o

s

PO4-P
3%



Table 6. Seasonal Mann-Kendall test results for pollutant delivery load at Hangju station (2013 - 2022).
(Unit : ton/y)

Item Min Max Mean S.D. Kendall’s pvalue Sen’s Trend
tau slope
BOD 356.8  18,833.0 2,498.1 2,539.7 -0.311 0.006 -113.5 Down
COD 8919  31,197.1 4,962 .4 5,007.0 -0.152 0.174 -61.9  No trend
SS 1,159.3 3256199 23,3431  40,095.6 -0.152 0.069 -230.1  No trend
TN 1,043.6  23,646.4 4,324.2 3,508.6 -0.070 0.494 -12.5  No trend
TP 13.4 1,301.7 143.0 168.0 -0.507  <0.0001 -15.0 Down
TOC 6779  16,063.4 2,984.9 2,827.5 -0.130 0.211 1.9 No trend
DIN 1,031.1  22,072.0 4,091.7 3,286.6 -0.078 0.446 -16.3  No trend
NH3-N 454 2,874.8 599.4 503.0 -0.426 0.001 -525  Down
NOs-N 849.1  17,489.9 2,856.8 2,509.3 0.215 0.079 571 No trend
DIP 54 880.7 80.0 104.2 -0.578  <0.0001 -145 Down
PO4P 0.7 836.4 65.1 97.6 -0.567  <0.0001 -13.7  Down
Chlorophyll-a 0.6 111.0 19.1 222 0.015 0.873 185.7 No trend
80D ™ : NH;-N
1y 1y Wy M Ty iy 3 13 o 1y sy 3 T w2y zy 13
DIP PO,-P
ML S | . T

Fig. 4. The LOWESS regression results for pollutant delivery load at Hangju station.

HEH 0D, SS, TN, TOC, DIN, NOs-N, % &= wasitrr 202135 OhA] S7Fske S0 9]
2da FEEL o] gle Aoz ZAEUTE tt. TP, DIP, PO,P= 2016 ~ 201737}4]

(Fig. 2 A5 AHoM Y FAFEE H F43] Aastal o]% QtAFs = Fololth
F013Y ~ 2022¢)S LOWESS HARME  NHyNE 20209747 A&H02 72890
B3l AlZtg skith. BODS A% 2015 7HA U o]& tha] ZvtsleE A 2 2AHAC.



32. 9AAY FEAZEA 2 AFRFH AgrEesEWQ) SES B OSH(EF
TFARYE H7} £z BT 1585 (e+Es) 2 U5+
321 A8 QL A5 2AAH (FD)E 47 1797624 %), WEHEF) 103
20229 Q1A 34/ AHo By sor  H(294 %), Ned 28359 %)elRem, Ve
4 zAAse] ABFS (Table 7)2 2okstglty. W) #lF Aoz ARG
Table 7. Incheon Coastal Marine Water Quality Status in 2022.
Station wat DIN  DIP S:;‘;lrz TR? DO’ COD  TOC TN TP
Point Grade’ (ug/L) (ig/L) oy (m) (%) (mg/L) (mg/L) (ug/L) (ug/L)
S-1 30 499.6 212 25 13 10238 22 17 6869 37.2
5-2 2 1 464.3 24.6 22 11 1017 18 17 5755 34.1
S-3 20 1 3434 236 22 11 1073 21 16 4255 342
S-4 5 IV 610.4 46.9 5.0 0.6 1048 3.0 20 6972 62.5
S-5 38 I 833.2 339 17 08 1015 22 16 917 418
S-6 29 275.8 182 28 16 1072 24 16 3448 25.9
S-7 20 1 175.9 13.6 1.9 27 1057 22 14 2521 19.6
S-8 26 209.9 181 26 19 1079 22 15 2965 26.0
S-9 26 195.0 16.4 25 20 1074 25 15 2742 28
5-10 2 177.1 142 5.2 24 1089 20 14 2530 200
S-11 20 1 194.1 137 20 22 1062 22 13 2308 17.7
S-12 29 213.6 14.0 28 11 10638 26 14 2728 205
5-13 26 168.3 137 25 22 1079 18 13 281 162
S-14 20 1 227.9 15.0 18 18 1076 21 14 2909 19.6
5-15 38 I 356.7 155 3.7 08 1042 22 14 5127 214
5-16 26 4239 220 22 09 1028 25 14 5323 26.1
5-17 36 I 9235 735 20 14 1041 23 17 98038 92.6
5-18 20 1 1524 132 20 21 1058 22 14 2337 187
5-19 39 I 507.6 252 3.2 09 1021 31 14 6042 29.2
5-20 4 901.3 35.0 22 04 1026 24 15  1,0859 413
S-21 38 I 367.5 241 29 0.7 1042 33 13 4727 29.2
S-22 7 IV 1,019.5 36.4 22 03 1013 32 16 1,183 04
5-23 45 I 733.6 317 22 04 1012 31 15 8519 38.1
S-24 4 I 1,096.5 34.6 1.9 04 10038 23 16 12591 414
5-25 30 724.2 314 1.6 11 1024 27 14 8170 39.2
5-26 2 199.6 17.0 34 13 1067 25 16 2827 265
S-27 38 I 4043 222 41 08 1043 27 14 4914 25.8
5-28 20 1 1165 135 14 23 1063 18 12 1601 16.4
5-29 20 1 121.2 138 1.6 25 1075 1.9 12 1664 17.4
5-30 20 1 115.2 139 1.2 21 1062 18 12 1650 176
S-31 40 I 631.1 30.4 18 05 1030 32 14 7527 39.7
5-32 B 1 297.2 165 22 12 1053 23 14 3740 217
5-33 20 1 1383 14.4 13 22 1054 17 12 1737 172
S-34 29 1 163.9 153 3.0 1.6 1065 1.7 14 2080 21.0
Max 5 1 1,096.5 735 5.2 27 1089 33 20 1,259.1 92.6
Min 20 IV 1152 132 1.2 03 10038 17 12 1601 16.2
Avg. 3111 4112 231 25 13 1049 24 15 5030 30.0

note: 1) I (very good), II(good), Ill(moderate), IV(bad), V (very bad).

2) "TR" stands for the transparency of seawater.

3) "DODb" stands for the Dissolved Oxygen in the bottom water.



Table 8. Seasonal Mann-Kendall test results for water quality in the Incheon coastal area(2013 - 2022).

Station piNn | pp | Pl | pop | cop | ToC | TN P | WQI
phyll-a

S-1 Down

S-2

S-3

54 Down Up

S5 Up Down

S-6

S-7 Down

S-8 Down

S-9

510 Up

S-11 Down

S-12 Down Down Down | Down

S5-13 Down

S-14

S-15 Down | Down Down

S-16 Down

517 Down Up Down | Down | Down | Down

518 Up Down

S-19 Down Down Down

S-20 Up Down

S-21 Up Down

S22 Down Up Down

S-23 Down Down Down

S-24 Up Down

S5-25 Up Down

S-26 Down

S-27 Down Down

S-28 Up Up Down | Down

S-29 Down

S-30

S-31 Down Down

S-32 Down Down | Down

S-33

S-34 Up Down
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Fig. 20. Temporal variations

3.2.2.9 WQI(Water Quality Index)
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Fig. 22. The LOWESS regression results for WQI.
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Table 9. Seasonal Mann-Kendall test results for WQI at Incheon Coastal(2013 - 2022).
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Fig. 22. The LOWESS regression results for WQI. (continued)

WQI point
Station Min Mo Mean S'td.- Kendall’s tau pvalue Sen’s slope
deviation
S-1 20 75 38.1 12.1 -0.290 0.022 -0.383
S-2 20 72 37.7 12.6 -0.252 0.050 -0.466
S-3 20 65 34.0 8.4 -0.212 0.098 -0.281
S-4 26 60 434 9.5 0.238 0.099 0.150
S-5 20 77 46.6 13.3 -0.363 0.004 -0.917
S-6 20 56 321 8.5 -0.198 0.157 -0.284
S-7 20 52 26.9 7.3 -0.186 0.216 0.000
S-8 20 50 324 6.8 -0.094 0.563 0.000
S-9 20 52 315 7.6 -0.130 0.387 0.000
S-10 20 52 31.6 6.9 -0.107 0.454 0.000
S-11 20 50 26.9 7.0 -0.018 0.935 0.000
S-12 20 44 30.8 8.2 -0.135 0.229 -0.119
S-13 20 50 27.6 6.8 -0.068 0.657 -0.094
S-14 20 58 28.7 8.2 -0.068 0.616 -0.018
S-15 20 78 38.8 12.2 -0.333 0.018 -0.689
S-16 20 92 44.0 13.9 -0.376 0.006 -0.898
S-17 28 72 46.5 9.3 -0.297 0.011 -0.342
S-18 20 42 28.3 6.8 -0.178 0.193 -0.058
S5-19 20 80 46.4 11.5 -0.436 0.001 -0.815
S-20 34 100 55.2 12.6 -0.349 0.005 -0.718
S-21 20 92 449 14.7 -0.520 <0.0001 -0.904
S-22 31 100 55.5 12.4 -0.346 0.003 -0.489
S-23 28 90 52.7 11.2 -0.482 <0.0001 -0.629
S-24 26 81 50.1 13.1 -0.314 0.020 -0.527
S-25 20 67 44.0 11.3 -0.306 0.024 -0.399
S-26 20 56 325 7.7 -0.119 0.428 -0.056
S-27 20 85 424 12.8 -0.339 0.014 -0.741
S-28 20 52 28.2 8.1 -0.162 0.210 -0.181
S-29 20 50 24.8 7.0 -0.007 1.000 0.000
S-30 20 55 26.4 8.0 -0.164 0.194 0.000
S-31 20 100 50.9 14.4 -0.427 0.000 -1.016
S-32 20 73 33.9 10.3 -0.290 0.015 -0.416
S-33 20 50 28.0 7.1 -0.089 0.543 -0.056
S-34 20 44 29.8 7.2 -0.052 0.703 0.000
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Fig. 23. The spatial distribution of current flows at the peak flood tide during the flood season.
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Fig. 24. The spatial distribution of current flows at the peak ebb tide during the flood season.
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Fig. 25. The spatial pattern of salinity diffusion at the peak flood tide during the flood season.
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Fig. 26. The spatial pattern of salinity diffusion at the peak ebb tide during the flood season.
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