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Abstract

The Health condition of tidal flat by linking sea water quality has not been investigated
widely on the western coast of Incheon. In this study, we have analyzed the particle size
distribution and physicochemical composition of tidal flat sediments in Janghwa—ri, Dongmak—ri,
Yeongjong, and Songdo at each quarter, and water quality analysis was carried out
simultaneously against the surrounding environment. The particle composition of flat tidal
sediments was in the order of silt (75.0%) > sand (22.5%) > clay (2.5%). Also, health—affecting
substances such as germanium, selenium, and lithium showed a similar or somewhat higher
ratio than the average abundance of the earth's crust. Whereas, the concentration of eight
heavy metals satisfied both Threshold Effects Level (TEL) and Probable Effects Level (PEL)
for the marine environment. The concentration of TOC in the surface layer sediments
was 36—44% of the minimum impact standard (1.0%) in Ontario, Canada, suggesting that
most marine benthic organisms could live. While the marine water quality index (WQI) of
Yeongjong was 1°%'grade (very good), two tidal flats(Janghwa and Dongmak) were 3™grade
(Normal), that of Songdo was 4"grade (bad) due to DIN, DIP, Chl—a, and transparency.
Moreover, the surface layer sediments' eutrophication index (CIET) was investigated
below the minimum standard concentration in all tidal flats. But the Songdo tidal flat
showed higher accumulation of various pollutants such as heavy metals and TOC,
compared with other areas. We confirmed the environmental importance of the Incheon
tidal flat as a World Cultural Heritage and sought management plans to preserve the

Incheon coastal marine environment.
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2.1. ZAFA
Table 1. GPS Coordinates of investigation point.
Area | Point Latitude Longitude fDistance
rom land
JH—A1] 37°37'10.12" | 126°22'24.32" 150m
Jang— [JI=A2[ 37°37'09.89" | 126°22'10.10" 500m
b [JHBL|37°37'14.03" [ 126°22'24.18" 150m
JH-B2| 37°37'14.81" | 126°22'09.94" 500m
UH) [JH=C1]37°37'19.84" | 126°22'24.07" | _ 150m
JH-C2| 37°37'19.81" | 126°22'09.74" 500m
DM—A1] 37°35'25.16" | 126°27'34.11" 170m
_ |DM=A2] 37°35'15.56" | 126°27'28.04" 500m
D;“i DM-B1] 37°35'27.90" | 126°27'26.80" 170m
(DM) [DM=B2[ 37°35'18.18" | 126°27'20.61" 500m
DM—C1] 37°35'30.04" | 126°27'19.06" 170m
DM—C2] 37°35'21.02" | 126°27'13.02" 500m
SD—A1] 37°22'49.23" | 126°42'47.39" 150m
SD—A2] 37°22'44.43" | 126°42'45.80" 300m
Soglf_ SD-B1] 37°22'50.79" | 126°42'41.36" 150m
(sp) [SD=B2|37°22'46.27" | 126°42'40.01" 300m
SD—C1] 37°22'52.18" | 126°42'35.72" 150m
SD—C2] 37°22'47.37" | 126°42'34.33" 300m
YJ—A1] 37°26' 5.35" | 126°28'16.43" 200m
YJ-A2]37°25'57.72" | 126°28'22.04" 450m
f‘}gii YJ—-B1|37°26' 1.58" | 126°28' 9.55" |  200m
(y)) YJ-B2]37°25'54.43" | 126°28'14.83" 450m
YI—C1]37°25'58.00" | 126°28' 2.89" 200m
YJ-C2]37°25'50.91" | 126°28' 8.28" 450m




Fig. 1. Map showing the sampling area of four tidal flats [Jangwha(JH), Dongmak(DM), Youngjong(YJ),

and Songdo(SD)] in Incheon. The green color means tidal flat areas.
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Fig. 2. Picture of tidal flat sediment sampling at Songdo.

Ne AR O Ade] sge A HA

22 AAFAT. H5E HFRAA(ADHY
A ANERE W EE BA)S o] 3]

37N BN AFEALE
4815 Astdtt. B
A BAHES 3 s ZASH7] 913)
¥3(0~2 cm) ¥ $F(20~30 cm) A|8E5 &
108ds AMAsAY. HHE AEe o
(Core sampler)E& AR&3sle] oF 1 kg& AN H 3}
Ao AFHR sty WEs Bt
(Fig 2).

=
i
[e]

=

ol =
=

e

. .
=z

1:11_6_

2.2.2. B4 ¥= 3 Uy

Table 2. Analysis items for this study.

Analysis items

Tempereature, pH, DO, Salinity,
Transparency, COD, Chl—a, T-—N,
T-P, CN, Phenols, Cu, Pb, Cd, Zn,
Cr, As, Hg, Ni, DIN, DIP, TOC,
bottom dissolved oxygen saturation

TOC, COD, AVS, IL, Cu, Pb, Cd, Zn,
Cr, As, Ni, Hg, Ge, Se, Li, Grain size

sea water
(23)

sediments
(16)
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Fig. 3. USDA* soil textural triangle chart by tidal flat sediments.
* 1 The USDA(United States Department of Agriculture) classifies soil

Table 3. Grain size distribution of the

sediments at four tidal flats. i ) ] S
types according to a soil texture triangle chart which gives names to

Area Depth | Sand | Silt | Clay Sediment various combinations of clay, sand, and silt(The Soil Triangle, 2022).
(em) | (%) | (%) | (%) type*
H 0~2 28.3 1699 | 1.8 sandy mud . .
20~30 | 28.7 | 69.9 | 1.4 | sandy mud APNHE A3 e AE HRFE H
0~2 156 | 80.9 | 3.5 sandy mud ol x| & o] oky 2B 7FE EO 7
DM 00=30 | 17.2 | 79.9 | 2.9 | sandy mud AAste el @t ER7E AR 58S F
op | 02 | 118 [83.9 | 4.3 | sandy mud A Ak AAHE olg AgH EHS
20~30 | 13.3 | 82.9 | 3.8 sandy mud 920l oJEFS wWo] uk o Bl =0
v | 0=2 1299 | 686 | L5 | sandy mud = 349 S Bol ¥ wjiEel BlFo
20~30 | 34.9 | 64.0 | 1.1 muddy sand £ sand9] H]&o] AZ Ao wls] =1, H]
# : (Classification of grain size statistics by Folk(1968) method %_o] = _‘% Silt-ﬂ' clay E’]&}%“% -ﬂéﬂi HH]—XI]IJ—
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Bo 12.7% point 2o, silte] HE
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3.1.2 A9 FEA (A 2vtE, AdF, dF)

Poly—trans— [ (2—carboxyethyl) germasesquioxane

1 (Ge—=132)2 7H¢ &¥t4 Rl #7] A=2vkg
BgEolth Ge—132% F&A4olH kA o]
o5 At (Sugiya et al., 1986). Ge—132% &
oF, & €S FHES &3, 1HEg 4o
T B2 ANsidypyt e AL HiHa
2tH(Aso et al.,, 1989; Prnai and Arimori,
1991; Sato et al., 1988; Nakamura, 2012). A
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5 ostd AW S dele d A &
7} Q& Aoz ByEI Yri(Post, 2018).
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Table 49} o] Yehlint.

Table 4. Concentration of health-beneficial substances
(Ge, Se and Li) in surface sediments by tidal flat.

ltems | Area () ehey | e
JH 1.387 ~ 2.502 1.981 0.324

DM 1.694 ~ 2.565 1.992 0.213

Ge SD 0.176 ~ 3.291 2.072 0.567
YJ 1.248 ~ 2.076 1.605 0.192

JH 0.034 ~ 0.202 0.138 0.056

DM 0.059 ~ 0.192 0.146 0.040

Se SD 0.019 ~ 0.228 0.170 0.047
YJ 0.076 ~ 0.174 0.123 0.026

JH 13.209 ~ 32.293 | 22.254 6.450

) DM 19.246 ~ 42.206 28.722 7.424
Li SD 2408 ~ 52.079 | 32.622 11.047
YJ 12.010 ~ 35.852 | 22.656 6.723




Ged] A7} g (UCC: abundances in the — ©ibzdsE, HFilslE, f71E, JEZE T
upper  continental  crust)=  1.34~1.6 HAE JA 74 Aol wet Wt & 4
mg/kg(Rudnick et al., 2003) & &4#A Atk dow, HHE YA Z7] o= 714 &
o A"Ee B Ge wEe 1.605(9 Aol A9 B¢ w5 F3=9 4% I
$)~2.072($ %) mg/kgl 2 FALE o] A7} =242 7hsAdel Ao i HAE W T
T FHE B g4 =& FFEs Uil &9 B3 545 Ay fside oled
o, THEE T > =43 > T &  AFHH 24255 AYsHoF FHH(FE4
° 7 FArEATH 5, 2019)

Table

Seol B AAFHFZFS 0.05~0.15 A #F HEH=Y T55%F 9=

mg/kg(Rudnick et al., 2003)°]aL 4% 0.170 > 59} o] YelAct. s AE 71E () A E A
=

=ut 0,146 > &3} 0.138 > 9Z 0.123 mg/kg E)& As 5 87 & sl o7+
o7 FAtE o] Xzt i fAFSEA T (Threshold Effects Level, TEL: 3% %<1 X&)
Lo Ha+ AL FHHFS 20~22 Feko] AR WtdE Aol S HAoZ o

mg/kg(Rudnick et al., 2003 ) o]t}. sand H]E-9] =25+ Fx)3 B8 7|+ (Probable Effects
=2 A3t 9 932 AL FHEFHL FAREA Level, PEL: ¥4 Aye|d3Fo] dHH )

I FHE 30.1% $EE 48.3% A4 o 2L dAAol wif EL )0 F FEEI SUTh
FEE YA 5 > 59 > 9F =43} Tu& BAZER %8 AE F71%(TEL)
Fo 8 FEIF EokTh 2 #E7]E(PEL) S RE FEAA B3t
Aoz ZAEAJY. BHlAo HAFEE 4.85
3.1.3 T8 (33})~6.60(%5%) mg/keg WS Holal 3o
At BA =

= W 27} sh2F(4.8 mg/kg) thH] HHF 101~137
= 2L % o, Fo7|F tHl 33~46% T2
=7 318tz Q4o wet AP DK Férstner  YERGTH CdE 0.29(H3%)~0.42($%) mgkgS
and Wittmann, 1981). &€¥r5 o2 ¢ HH Z ZAME Y F97)F el 39~56% F=0)

EA TEE5S HAE dAd F2EH F U, A7 $F3F 0.09 mg/kg thE] oF 3.2~4.7
Ast7] Wi, H8E dAE AE5E FF ¥ FEE TRV =34t Y FERYE
g 4 ot mudol Wold HARY 3% 2673(9%)~10.93(FE) mgkgo® T/
FEE Z7VeHA @th(Horowitz, 1991). =& 92 mg/kg ¥l 23~35% FFolw Az i
Table 5. Concentrations of heavy metals in surface sediments by tidal flat. (unit: mg/kg)
Element As Cd Cr Cu Hg Ni Pb Zn
UCCs 4.8 0.09 92 28 0.05 47 17 67
TEL 14.5 0.75 116 20.6 0.11 47.2 44 68.4
PEL 75.5 2.72 181 64.4 0.62 805 119 157
JH 4.85 0.32 27.61 15.39 0.02 12.73 9.51 47.33
DM 6.27 0.39 30.69 13.78 0.04 15.60 11.86 66.64
SD 6.60 0.42 40.93 18.54 0.03 19.80 13.15 59.79
YJ 4.92 0.29 26.73 12.04 0.02 13.07 8.41 40.37

#* © UCC : Abundances in the upper continental crust(Rudnick et al., 2003).



92 mg/kg®) 29~44% % ZAFE ATt Cud HF
E5E 13.78(F9H)~18.54(5 %) mgkgo E A7}

Sh&-2F(28 mg/kg) Y] 43~66% FFolH, F9
71%(20.6 mg/kg) tH] 58~90% FFO & LyElsE
t}. Hg Hd5T+= 0.02(83 2 95)~0.04(F
) mg/kgE AZb F-(0.05 mg/kg) TIH]
40~80% <o, F471F 0.11 mg/kg thH]
15~27% 2 ZAFEALE Nig =¥+ 12.73
(A3} ~19.80(%%) mg/kgl & Azt 7247
mg/kg) Bl 27~42%, F2]715(47.2 mg/kg) W
H] 28~42% o2 H7lEY. Pbe 8.41(%3
F)~13.15(F%) mgkg 52 A2t (17
mg/kg) @ BIWA] 49~77%, F2 7|5 44 mg/kg
tH] 19~30% T=Z ZALEJTE Zne 40.37(3
£)~66.64(5") mgked] FE WAZ A7 Tt
267 mg/kg) ™R 60~99%, F2]7]1F(68.4
mg/kg) WH 59~87% = VrEb:

3.1.4 F#71g2 (TOC)
(3 HAEY TOC & FXE Fig 49 &2
Uet lth. Btz = ol 2 FE 5,
10, 25, median, 75, 90, 95—percentileS Y€}
Wi ok A9dE A A= TOC s&E
st 0.40£0.13, &9 0.41£0.18,
0.44+0.22, 9% 0.36£0.10%% ZAF=E At}
Huth e FdAE Y HAHE TOC
HA9dF7]=(LEL, Lowest Effect
Level) ¥ 4Z+93& 7] (SEL, Severe Effect
LeveD) o2 & st YoH(D. Persaud et al.,
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T
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1993). HAFGF7TS FHHENA AM2A5=
AE T g7 95 e LE9FTe=
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Fig 4. Distribution of TOC concentrations in
surface sediments by tidal flat.
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Table 6. Concentration of COD, AVS and IL in
surface sediments by tidal flat.

Items Area Range Average | S.D.
JH | 1.9~5.4 3.5 0.8

cop | DM | 1,4~45 2.7 0.8
(mg/g) | SD 1,7~4,9 3.2 0.9
YJ | 1,8~8,0 4.0 1,8

JH | 0.000~0.027 | 0.008 | 0.005

AVS | DM | 0.005~0.065 | 0.025 | 0.018
(mg/g) | SD | 0.000~0.014 | 0.002 | 0.004
YJ | 0.001~0.013 | 0.004 | 0.002

JH | 2.0~3.5 2.4 0.3

IL DM | 2.1~3.9 3.1 0.3
(%) SD | 2.8~4.8 3.8 0.5
YJ | 1.9~3.3 2.5 0.4

EAEY CODE 9F 4.0+18 > A3
3.5£0.8 > &% 3.240.9 > 9 2.740.8
mg/g o2 FAMEZeH, AVSE EF9

0.025£0.018 > &3} 0.008+0.005 > FF
0.004£0.002 > 0.002£0.004 mg/g =2
Z ZAME AL, [Le 2.4~3.8% FFOE $5
> &% > FT > A3 w2 AU

2~
$=



Table 7. Concentration of water quality in nearby sea areas by tidal flat.

Area | pH DO Salinity | COD TOC TN TP DIN DIP Chl—a | SD= DO
(mgl) | (psu) | (mg/L) | (mg/L) | (ug/L) | (ug/L) | (ng/L) | (ng/L) | (pg/L) | (m) (%)
JH 8.0 8.9 27.1 3.1 1.4 604.2 29.2 507.6 25.2 3.2 0.9 102.1
DM | 8.1 8.9 28.4 2.7 1.4 491.4 | 25.8 404.3 22.2 4.1 0.8 104.3
SD 8.1 8.6 28.5 3.0 2.0 697.2 62.5 610.4 46.9 5.0 0.6 104.8
YJ 8.0 8.6 29.7 2.8 1.5 307.3 23.4 | 246.3 16.3 2.0 1.6 106.7
% ¢ Secchi depth(Transparency)
3.2 3%5d 9 AHEA A us A3 ot QA QA -FstAdte AT AdeFdd 3|

321 A Ay

Mﬁﬂre Table 72 Q°Fs} T}

pH 8.0~8.19 TEWHHR sigrd A&
74 71F(6.5~85)S wEFIFoH, DO=
8.6~8.9 mg/L, V& 27.1~29.7 psuE FAlH
At F7]1= AESQ COD=E 2.7~3.1 mg/LY
A= g3t > > FY £oF
57 =93, TOCE 1.4~2.0 mg/L ¥, &
= > ZAel-5u o2 Tl ES4Th
TN 307.3~697.2 pg/l. B2 $x= > 23
> Zu > 9dF $£oF ¥ryl =93, TPe
23.4~62.5 pg/lL, & > A3} > 94 > FF
$o72 57l =Ytk DINS 246.3~640.4 ug
/L HME*C > A3} > T > JF &
2 F%7F %3, DIPE 16.4~46.9 ug/L,
T > A8t > T > T T2 L

itk F22d-at 2.0~5.0 /L HY=

5= > 9%

© > 9%

o

o ™

[
2 A o |

> S > A3t > JdF o2 A
HEE dFo] 1.6 mE FHE7} E¢a o]
AYL 0.6~0.9 mE 1 m v HF &
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A
12 o

Fettt. 58 7|F32 Chl-a 2.2 wg/L, A
= DO ¥3lx 90%, %% DIN 425 wg/L, ¥
DIP 30 wg/L, ¥H%E 1.0 mS AAS}HL
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Fig. 5. Water Quality Indexs(WQI) by sea area.
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Table 8. Sediment contamination grade and addition score for estimating tidal flat contamination.

[tem COD(mg/g - dry weight) AVS(mg/g + dry weight)
grade 1 3 4 5 6 7 1 2 3 4 5 6 7
5 10 15 20 25 S 0.05 | 0.10 | 0.15 | 0.20 | 0.25 S
Conc. = ~ ~ ~ ~ ~ N ~ ~ ~ ~ ~
0 10 15 20 25 30 30 0.05 0.10 | 0.15 | 0.20 | 0.25 ] 0.30 0.30
Score 0 8.3 |16.7]25.0]33.3|41.7]50.0 0 8.3 16.7 | 25.0 | 33.3 | 41.7 | 50.0
Table 9. Seawater pollution grade and addition score for tidal flat pollution calculation.
Item COD(mg/L) DIN(mg/L) DIP(mg/L)
grade | 1st 2nd 3rd etc 1st 2nd 3rd etc 1st 2nd 3rd etc
- 0.511.01 1.5 (2.0 2.5 > | < 0.15]/0.301 0.45 10.60| 0.80| > < 10015/0.030/0.040/0020{0.070 S
Conc.|. |~ |~ | ~ | ~ ~ T~~~ ~ | ~1] ~ |L00J|0.0L ~ | ~| ~ | ~| ~
0.5 1.011.5]| 2.0 {2.5] 3.0 3.010.15 0.30{0.45/ 0.60 [0.80{ 1.00 5 10030/0.040{0.050]0.070{0.090 0.090
Score| 0 |5.55/11.1/16.65|22.2|127.75]33.3| 0 [5.55(11.1/16.65|22.2|27.75| 33.3 5.55|11.1|16.65|22.2|27.75| 33.3
(1) 237FA4 (WQI, Water Qualtiy Index) ATE 4=, FIYs A HsY HeY
=10 x [A5 AR E3HE (DO)] + 6 X = Fds=d BtgEEE ded BH
(ABZSE 25 (Oi—a) + B9 % (sD)/2] T2 B gl 6 o Ao g+
ARRL2018c; o] AT 5, 2021). FH U3
+4 x (82574 % 5% (DIN) + N e oy mEA T g )
A% ARAE A (2), F BB BAHSE
57195 = (DIP))/2] Table 103} Z+t}.
AW oz Ao Z=AYrxS AJE - -
R A AR TAWEIT SRR o) veesgaas CcE
Fig. 5 @ Fig. 69 2ol Uehiich 2 o9
H WQle 9% 208154, =) < & =ZEAFUL) AN +
|38, HE) < (394, BF) s} sh4 2 8. 7% (COD) B7H A5 +
< FE 553UTHE, UE) £o 2 FItEI
° Hlass, ) wes BIhE 24923 % 548 (ABS) /M 5
o 8w A% =AY A9 Chi-a,
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