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7 574& 7Tk Ak Ackell ] i) gk oF 3.2 m, HEd o] 3 Yl 40| Wk 24} 8.18 mglL,
10.71 mg/Loleh. 7} 7HE S sl ele W7 sl 5 B vhlan A5 2 s ool 9l Bt il wiee)
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Abstract — This study evaluated the environmental characteristics of the Busan coastal seawaters by using the
transparency and suspended solid observations of the last 10 years of seawaters. As a result of the analysis of the
observation data, the mean value of transparency in the coast of Busan was about 3.2 m, and the mean value of the
surface and bottom layer of suspended matter corresponded to 8.18 mg/L and 10.71 mg/L, respectively. The sea
area with the lowest transparency corresponds to the southern sea area on the estuary of the Nakdong River and the
western side sea of Dadeapo. Also, the survey point showing the maximum suspended solids concentration was
78.6 mg/L at the estuary of the Nakdong River at the sea level, and 92.6 mg/L at the bottom of the Busan New Port
inner sea area. On the other hand, the survey points with the lowest concentration of suspended solids corre-
sponded to the southern port of Busan Port, the Suyeong River estuary, and the waters in front of the Gijang Kori
Nuclear Power Plant. And from the results of cluster analysis based on transparency and suspended solids, the
Busan coast can be classified into 7 clusters.

Keywords: Busan coast(F-AF €13}, Suspended solids(F-++% ), Transparency(5F 8 =), Cluster analysis(
1-29), Spatial distribution(¥-7HE-3EF)
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Fig. 1. Sampling stations of transparency and suspended solid data in the Busan coastal region.
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(Lee[2015]).
B AT 71E ATAEC] AR FEws B, B
7} EIE0] AgFdE Table 12} o] gesiitt. selr SD=
L(feet), SS= Fr=d FXE(mm/l), T B (YSI 6026)°] Tt
Eghe o848 Tyl Bhets e A AL Sl slow
HE 0 2 = g570] &8k~ (Inverse function)E X E|o] Table 13}
ol Ty AR e AE Ly, w3 S, 55 Y &
ole] Bl F7) BE HHE ol nlajs o]y B
FEA AL AF 37 BAS B9 9 5 9
(Rasmussen et al.[2009]).
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1o of, m

e

¥ g

°

10g,,SS = -1.48038 x log,,(SD) + 2.44265 )

2.3 ZEEM (Cluster analysis)
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T (Cluster analysisyS S=3810L, w354 35 =2
2 (Dendrogram)S. 2 A|AISH & 7 B4 tisliA] Esigict

%1% o] E]+= IBM SPSS(Statistical Package for the Social
Sciences)E ©]-8-3to] TAEAS FaEIGl oM 1 S AlSH

%] (Hierarchical cluster analysis method)S- &85} t}. &
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Table 1. Regression formula between transparency, turbidity, and suspended matter of previous studies

Relationship II:ZI?) Station name Date Regression equation Data 1:;?:‘};1:; rr Source
Willamette, May 2013 _ 0.637 USGS homepage
(M portland, US.  ~Nov. 2017 SD=11123 =T 25 Freshwater [2022]
Turbidity and Narta Lagoon, Mar.~Oct. _ 03602
Secchi depth 2) Albania 2012 SD =2.87 x T°°(*=0.94) 48 Saltwater ~ Cako et al.[2013]
USACE May 2013 _ 0489 2 _
3) Louisville, US.  ~Nov. 2017 SD=2.0777xT (r*=0.6776) 123 Freshwater  Xu et al.[2019]
Little Arkansas Nov. 1998 log,SS =0.943 + log,(7) + 0.130,
&) River, Kansas, U.S.  ~Jun. 2005 (”*=0.98) 68 Freshwater
North Santiam
) River, Oct. 1998 SS=1.54 x T"% (> = 0.89) 121 Freshwater R2STussenetal.
~Aug. 2004 [2009]
Turbidity and Oregon, U.S.
suspended C-51 Canal, Nov. 2003 log,,SS = 0.75 + log,o(T) + 0.30,
solids ©) " Florida, US.  ~Dec. 2004 (= 0.85) 21 Freshwater
Mekong River, Jul. 2009 _ 5 .
@) Cambodia Mar. 2010 SS=0.8492T +2.7191 (»* =0.9505) 34  Freshwater Irvine ef al.[2011]
Krankesjon Lake, Apr. ~ Nov. _ B 2 Lovstedt and
®) Sweden 2006 SS=0.587-2.5(=0.83) 26  Freshwater Bengtsson[2008]

¥ (T)SS: (Total) Suspended Solids, T: Turbidity, SD: Secchi Depth, 7*: Adjusted coefficient of determination
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Fig. 2. Distribution of transparency observation results by water depth.
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Fig. 3. Distribution of suspended solids observation results in the
surface by water depth.
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Fig. 4. Distribution of suspended solids observation results in the
seabed by water depth.
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Fig. 5. The relationship between surface suspended solids and trans-
parency.
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Fig. 6. The relationship between seabed(bottom) suspended solids
and transparency.
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Table 2. Maximum, minimum, and average values of transparency and suspended solids at the survey points

o1y

VS

[e2e]

A -

Eis

Ak

A=

Number

Suspended Solids(mg/L)

Station of Date(yy.mm) D(ff:;[h Transparency(m) SurFace(SFSS) SeaBed(SBSS)

data Max. Min.  Ave. Max. Min. Ave. Max. Min. Ave.
01 40 2011.02~2020.11 28.1 10.9 1.8 4.19 18.6 0.2 5.49 36.35 2.3 10.76
02 40 2011.02~2020.11 28.83 12.3 1.8 4.46 16.7 2.0 5.86 35.0 3.1 10.17
03 40 2011.02~2020.11 14.35 7.2 1.3 3.6 17.1 1.7 6.32 27.1 2.7 9.53
04 20 2011.02~2020.08 6.8 5.0 1.9 3.22 25.75 2.3 6.98 34.6 1.2 9.89
05 40 2011.02~2020.11 21.9 10.3 1.5 4.05 26.0 0.8 6.23 36.15 2.5 11.24
06 40 2011.02~2020.11 17.48 10.6 0.8 3.88 27.8 0.8 7.22 34.0 2.5 9.33
07 32 2013.02~2020.11 13.38 12.0 1.0 3.91 20.4 2.6 8.02 21.0 2.8 8.5
08 32 2013.02~2020.11 22.13 7.6 1.5 3.74 19.3 1.4 7.09 26.1 2.3 10.02
09 32 2013.02~2020.08 15.31 9.2 1.3 3.88 18.1 2.4 7.58 24.9 2.0 9.87
10 40 2011.02~2020.11 11.58 9.8 1.2 3.74 23.9 2.2 7.15 24.6 2.7 8.16
11 32 2013.02~2020.11 6.91 5.3 1.0 3.01 22.8 1.7 8.22 12.5 2.5 6.68
12 40 2011.02~2020.11 9.65 6.2 1.0 3.31 16.9 2.1 6.43 15.2 2.4 7.1
13 32 2013.02~2020.11 8.28 8.0 0.8 34 17.0 2.2 7.08 22.0 2.1 8.02
14 32 2013.02~2020.11 39.81 10.0 1.5 4.27 34.9 2.3 7.8 39.1 4.05 12.89
15 32 2013.02~2020.11 10.84 7.5 1.8 4.17 29.5 1.8 6.28 30.2 1.3 7.95
16 40 2011.02~2020.11 14.8 7.4 1.5 3.49 25.9 2.6 7.16 27.2 3.0 8.22
17 32 2013.02~2020.11 11.09 7.1 1.0 3.15 37.5 2.8 9.38 29.2 3.6 8.6
18 16 2013.02~2020.11 14.38 6.1 1.9 3.24 28.5 3.0 10.27 28.7 34 9.73
19 34 2011.02~2020.11 13.85 6.1 2.0 3.68 29.2 2.6 7.5 27.2 3.7 8.11
20 16 2013.02~2020.11 11.19 7.5 2.6 4.62 23.5 2.2 7.35 23.8 34 6.96
21 40 2011.02~2020.11 22.78 10.5 1.2 3.98 21.7 2.0 6.48 26.65 3.6 9.41
22 32 2013.02~2020.11 15.66 10.2 1.5 3.79 14.9 2.1 6.59 44.45 0.8 9.55
23 20 2011.02~2020.11 7.8 6.5 1.2 3.65 17.5 1.5 6.56 24.6 1.8 8.79
24 16 2013.02~2020.11 7.38 5.0 1.7 3.51 24.1 2.2 7.89 20.17 3.4 8.03
25 40 2011.02~2020.11 24.85 9.1 1.5 3.5 34.9 2.3 7.78 39.1 4.05 12.55
26 32 2013.02~2020.11 14.31 52 2.0 3.6 25.0 1.7 7.94 23.2 1.9 7.96
27 20 2011.02~2020.11 13.25 5.1 1.8 33 24.8 33 10.19 27.4 2.95 9.27
28 16 2013.02~2020.11 11.94 5.0 2.2 3.5 27.6 2.8 9.87 16.85 3.7 8.3
29 40 2011.02~2020.11 42.95 13.6 1.6 5.46 33.35 0.3 5.98 35.45 1.6 11.02
30 32 2013.02~2020.11 11.53 4.5 1.7 3.09 24.7 2.4 7.45 18.1 2.6 7.96
31 16 2013.02~2020.11 9.75 4.7 2.0 3.18 334 2.3 9.96 27.7 4.0 9.71
32 40 2011.02~2020.11 5.71 3.8 0.3 2.19 25.6 34 8.46 68.6 3.15 14.46
33 40 2011.02~2020.11 6.96 3.5 0.2 2.05 23.2 32 8.68 57.2 4.9 12.81
34 40 2011.02~2020.11 7.21 3.0 0.1 1.96 19.2 2.4 8.25 353 4.0 12.21
35 24 2015.02~2020.11 9.08 3.5 0.1 1.99 48.2 2.1 9.43 38.0 4.7 9.93
36 24 2015.02~2020.11 3.79 3.0 0.2 1.77 16.0 4.75 8.34 26.6 4.9 12.01
37 24 2015.02~2020.11 4.75 3.0 0.3 1.75 21.2 2.6 8.4 25.1 4.8 12.69
38 24 2015.02~2020.11 7.88 2.8 0.1 1.72 24.6 2.1 8.94 27.6 5.4 11.81
39 24 2015.02~2020.11 5.58 3.0 0.2 1.61 17.0 33 8.35 27.3 4.8 12.6
40 24 2011.02~2020.11 24.63 12.0 0.3 3.93 31.2 1.7 7.39 30.9 1.8 8.79
41 24 2011.02~2020.11 24.35 7.8 0.3 3.42 332 2.15 7.35 25.5 4.25 9.56
42 24 2011.02~2020.11 22.63 12.0 0.5 3.65 31.7 2.1 9.44 30.8 3.0 12.51
43 24 2015.02~2020.11 4.29 4.0 0.2 2.23 78.6 3.6 11.3 84.9 4.1 18.34
44 24 2015.02~2020.11 5.79 4.0 0.2 2.11 22.8 3.8 9.82 83.6 4.0 18.85
45 40 2011.02~2020.12 16.45 4.0 0.4 1.29 75.2 2.0 15.77 92.6 3.6 20.05
46 31 2004.08~2020.11 16.9 3.0 0.8 1.44 30.0 6.0 12.56 53.8 6.6 19.44
47 40 2011.02~2020.12 8.3 2.5 0.8 1.74 18.6 2.3 9.96 84.4 33 13.05

Total mean value 14.41 3.20 8.18 10.71
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Fig. 7. Transparency and suspended solids time series at representative survey points.
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Table 3. Cluster classification results using transparency and suspended solids data in the Busan coastal waters

Transparency (m)

Suspended Solids (mg/L)

Cluster Station No. SurFace(SFSS) SeaBed(SBSS)

Max. Min. Aver. Max. Min. Aver. Max. Min. Aver.

1 01, 02,22 11.13 1.7 4.15 16.73 1.43 5.98 38.6 2.07 10.16
03, 07,08, 09, 10, 11, 12, 13, 20, 21, 23,

2 24,26, 28, 30, 34. 36, 37, 38, 39 6.22 1.13 3.17 20.88 2.31 7.69 23.43 3.19 9.33
04, 05, 06, 14, 15, 16, 17, 18, 19, 25, 27,

3 29.31.40. 41, 42 8.4 1.37 3.72 30.48 2.07 7.93 31.45 2.93 9.96

4 35 3.5 0.1 1.99 48.2 2.1 9.43 38.0 4.7 9.93

5 32,33,46 3.43 0.43 1.89 26.27 4.2 9.9 59.87 4.88 15.57

6 44,47 3.25 0.5 1.93 20.7 3.05 9.89 84.0 3.65 15.95

7 43, 45 4.0 0.3 1.76 76.9 2.8 13.54 88.75 3.85 19.2

gl A s A, Ha, Huks viEe R - d At
O AT A B A (9)9] BAE AHESITHFig. 8, Fig. 9).
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¥
i)
1o
o
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)
r o
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o
o

FAl Aol oF 10 5}t kRS v o Z FREAe] ot
d =2 723 (Dendrogram)¥} 77 Se]~E|(Cluster)® T35} ¥
= A4 9 Fnet BREde] A, A4, BaakEe] BdAE
LEhRSIth(Fig. 10, Table 3).

Fig. 11 Table 30l AA1E 7} S ~EE Y= W 2754
FEO] Hu, Ha, Htgke] AjolE w2 AASE Aol

WA SEHES RS Fig 11(a)E A9 Rd FeAE 19
gzl 11.13 m2 7P 33 U222 ZFe|AH 39 84 m, 2
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Fig. 11. Comparison of maximum, minimum, and average values of transparency and suspended solids concentration for each cluster.
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Fig. 12. Spatial distribution characteristics of transparency and suspended solids concentration by cluster in Busan coastal waters.
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