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A Study on the Seasonal Water Quality Characteristics
and Suitability of Waterfront Activities in Waterfront Areas

Taek-Ho Kim - Yoon-Young Chang

Department of Environmental Engineering, Kwangwoon University
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Abstract: Currently, the floodplains of major rivers are transforming into various types of
waterfront spaces according to the increase in leisure activities and improved accessibility. In general,

waterfront activities in river channels tend to be concentrated in summer, and the waterfront activities
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during this period directly affect water quality. Accordingly, it is necessary to accurately compare
and evaluate the characteristics and water quality of waterfront activities during the period when
waterfront activities are concentrated. In this study, the following research was conducted to compare
and analyze the current status of waterfront activities of users of waterfront areas and the water
quality of waterfront areas. First, three waterfront areas were selected for investigation using the
information from the Ministry of Environment’s water quality measurement network. Second, a
survey was conducted on the satisfaction and types of waterfront activities targeting users of
waterfront areas. Third, water quality grades were calculated based on monthly water quality
measurement factors and compared. Fourth, statistical analysis (one-way analysis of variance)
was conducted to see if there was a significant difference in water quality characteristics between
periods of high waterfront activity and periods of low waterfront activity using water quality
measurement data for the last 5 years. As a result of this analysis, the following conclusions were
drawn in this study. First, the use of waterfront activities was investigated in the order of camping,
water skiing, fishing, swimming, and rafting. Second, satisfaction factors for waterfront activities
were investigated in the order of activity convenience, water quality, water landscape, transportation
access convenience, and temperature. Third, it was found that satisfaction with water quality in
waterfront areas was generally unsatisfactory regardless of the water quality grade presented by
the competent authority. Fourth, as a result of comparing the water quality measurement network
data of the Ministry of Environment by water quality grade, generally good grades were found,
and in particular, there was a difference in grade frequency by season in the BOD category. Fifth,
as a result of statistical analysis (one-way ANOVA) of water quality monitoring network data by
season, there were statistically significant differences in COD, BOD, TP, and TOC except for DO.
Considering the results of these studies, it is judged that it is necessary to prepare a comprehensive
management system for water quality improvement in the waterfront zone and to improve water
quality during periods of high waterfront activity, and to prepare a water quality forecasting system

for waterfront areas in the future.

Keywords : Waterfront areas, Waterfront activities
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| Prior research . Prior research on waterfront activity characteristics | Table 1. Target River and Ana|y3is Location
review . Prior on water quality monitoring
Selection of scope . Seom River 6, Hongcheon River 3, Bukhan River | Water quahty Ma-] or
of research subject bong-ri observation Waterfront areas waterfront
Waterfront area . Number of investigations : 3 station activities
activity survey igation period : 2022.07.03, 2022.07.30, 2022.08.06 e Gama Island Camplng
5
Seom River 6 | Amusement Park fishing,
. Data analysi: diti etti : . :
Data analysis '7 (Optimal water quality data selection : Excluding rainy (Seom River) |+ Seomgang Toad Auto | collecting snails
season, condition of normal water level, etc.) Camplng Site H on gche on
Data collection ‘ River 3 * Magok Amusement
(Water environment information sys./ 4
Water quality (Hongcheon Park ' . Camplng?
River) * Sonami Island, Baebawi | fishing, rafting
. Waterfront activity and water quality characteristics Rock Campmg Site
Overall conclusion . Seasonal water quality characteristics " =
. Water quality deg ion fi and trend analysis Sambong_rl water Skung,
) ] B Ri Boat house ter rid
Figure 1. Analysis Procedure. (Bukhan River) water rides
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Bukhan River N
Sambong-ri Water [
Quality Observatory |

Figure 4. Bukhan River Sambong-ri Location Map.
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Table 2. River Water Quality Environmental Standards

Standard
Grade BOD | COD | TOC | DO | TP
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Very | |1 2 2 | 15| oo
good below | below | below th below
an
5.0
2 4 3 0.04
Good Ib below | below | below | ™™ | below
than
Slightly | | | 3 5 4 | 200 o
good below | below | below th below
an
5.0
5 7 5 0.2
Usually | T below | below | below | ™ | pelow
than
. 2.0
Slightly 8 9 6 0.3
bad | IV | below | below | below | ™ | below
than
2.0
10 11 8 0.5
bad v below | below | below rtr;lore below
an
Very bad| VI 10 11 8 2.0 0.5
excess | excess | excess | under | excess
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Table 3. Waterfront Area Activity Survey

- . Survey response result
Division Survey items - -
spring sea. | summer sea. | autumnsea. | winter sea.
swimming (%) 0.00 90.48 9.52 0.00
o fishing (%) 22.87 32.29 31.39 13.45
Activities by type of waterfront rafting (%) 833 91.67 0.00 0.00
activities period
camping (%) 25.03 29.64 25.03 20.29
water skiing (%) 25.53 53.19 21.28 0.00
not applicable 19 (30.6%)
less than 3 10 (16.1%)
Nur-nberiof waterfror.lt activitifes‘ less than 6 12 (19.4%)
obtained in water during one visit .
(excluding water skiing) less than 10 8 (12.9%)
more than 10 13 (21.0%)
sub total 62 (100%)
convenience of access 40
ease of activity 72
water quality 55
Satis.fa'c.tion factors for waterfront weather 19
activities (2 multiples allowed) - -
(including water skiing) air quality 1
water landscape 47
temperatures 38
sub total 292
very good 0
Satisfaction with water quality good 9
during waterfront activities usually 13
(answered only by those who entered
the river and engaged in waterfront bad 31
activities) Including water skiing very bad 8
sub total 81
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Figure 5. Number of waterfront activities obtained in water
during one visit (excluding water skiing).



140 ESHIEYIt M32H M2&

T8F F oteol A4 Ydaesto] e g
A} Fgstaict.

A HELE A steoll Y4=dh= vz
oF A AT o2 Z 33 vint Yo
16.1%, 63] W9k 19.4%, 103] u|¥he 12.9%, 103
o[E 21.0%, 30.6%= YrdEo] fle Aor =
A =2 (Figure 5).

AR Feds 4L 5 Aok w5l &
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=8 91.67%, 3 29.64%, TA27] 53.19% 7}
Lol 42992 9.52%, Al 31.39%, #=ZE 0.00%, 7
3 95.03%, 54F27] 21.28% Aol 4242 0.00%,
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7] 0.00%% JeRcHFigure 6).
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Figure 6. Frequency of seasonal waterfront activities.
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Figure 7. Satisfaction factors for waterfront activities.
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Figure 8. Satisfaction with water quality during waterfront
activities.
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2017.12.07 |

. Winter season: December, January, February

. Spring season: March, April, May

. Summer season: June, July, August

. Autumn season: September, October, November

One-Way ANOVA

Table 4. Seasonal classification period

Seasonal classification Seasonal classification period

Winter season December, January, February

AAEP o FARY T2 SPSS V2,225
o] &3}, EH AAE A=A glofel H|WE ¢
S B35 7|17k ok o] A olskeith(Table 4),
4, 23 QIxiH 2N ZAn}

B AfgAE A A2 ARE 4
SHHEE BEFste 0|8 Al7|o w2 7 $A5H9]
HEE BAstgon Eot 9449 324 A&
S AAER JF3RE 5 A YR BAHLAS AlA]
Shich, Au)A] BARL Ao A= BARY] F2A 7
A& B9l L AR a7t BAte] FAsT)
+ 23 G AR EA(Post Hoc : thgH] 1) 2]

Tukey HSD#ES o]t
2ol 7k WehH=A1E 1+ 88k,

COD(Chemical Oxygen Demand)= =3 944
=5 Ul 71802 2 AtolAl= COD 44
o] et FETHER ZF Faol Ue=Hl
T5 A BlEE gHbete] ARERE vehd A=
Figure 102} Ztt,

COD(mg/L)
100.00%
80.00%

60.00%

40.00%

20.00% I

0.00% = =~ I ] II - -

very good slightly usually slightly bad very
good good bad bad

® winter sea.(12~2mon.) M spring sea.(3~5mon.)
summer sea.(6~8mon.) M autumn sea.(9~11mon.)

Figure 10. Occurrence rate of COD water quality grade
and seansonal frequency.

47 474 Ao CODE AHY Axggoe
B33 o)) ek AN BARA & Auhe

Table 5. Statistical analysis table (COD)

Winter Spring | Summer | Autumn
sea. sea. sea. sea.
0=99) | ©=179) | (n=182) | (n=185) F P

Spring season March, April, May

M+£SD M+£SD M+SD M=£SD

Summer season June, July, August

3.77+1.10 | 4.02£1.29 | 4.15+1.51 | 3.23+0.88 | 19.898 | 0.00

Autumn season September, October, November

*p : Significance Probability (p < 0.05)
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BOD(Biochemical Oxygen Demand)= 42 &
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I}H= Figure 113} 2t}

BOD(mg/L)
100.00%
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summer sea.(6~8mon.) M autumn sea.(9~11mon.)

Figure 11. Occurrence rate of BOD water quality grade
and seansonal frequency.
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Table 6. Statistical analysis table (BOD)

Winter Spring | Summer | Autumn
sea. sea. sea. sea.
®=99) | =179) | (n=182) | (n=185)

M+SD M+SD M+SD M+SD

0.93+0.48 | 1.28+0.67 | 1.09+0.76 | 0.76+0.62 | 20.122 | 0.00

* p @ Significance Probability (p < 0.05)

w443 BOD= A-E 4%k SAXCE #
O3t 2po|7F A= AR et an o Fol= AL,
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& S 3 A-EE Yebd A= Figure 129+
ct,

mi o FIF

DO(mg/L)
120.00%

100.00%
80.00%
60.00%
40.00%
20.00%

0.00%
very good slightly usually slightly bad very
good good bad bad

H winter sea.(12¥2mon.) M spring sea.(3~5mon.)
summer sea.(6~8mon.) M autumn sea.(9~11mon.)

Figure 12. Occurrence rate of DO water quality grade and
seansonal frequency.
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Table 7. Statistical analysis table (DO)
Winter Spring | Summer | Autumn
sea. sea. sea. sea.
M=99) | @=179) | (=182) | m=185) | T | P
M=£SD M+SD M+SD M+SD
13.5741.25 | 11.26£1.28 |9.15£1.24 | 10.68+1.64 | 224.55 | 0.163

* p : Significance Probability(p < 0.05)

#4243 DO= A Z73gko] AR f9
gk Aol 7k et A] oo §EAtaTES =29
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Ao o3 BEAATE A= w2 2AE B
ol AL & s 4= ik

TP(Total Phosphorus)= &40 3% 219 &
FOR 34 b 59 FIYYEE U= A= 5
shutolct, & Ato A= TP S A to] sidshe o=
Asad REE WA v &R gHbstglon AdE=

e 23k Figure 133} 2},
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TP(mg/L) o FF= ZHst Y 2 Y=E S 7=
ot £ A-tellA= TOC ZA Ao algsh= =4
e HEE WA R ghlete] AEERE U
W ZA3b= Figure 149+ 2t
AA 24 ZA] TOC] gt ¥ 243k AE
very 2 ZFste] ofof] et dulx| BAkEA o A
bad
= Table 99} 7t}
Table 9. Statistical analysis table (TOC)
Spring Summer | Autumn
sea. 8 sea.
179) m=185 | F | P
M=£SD M+SD
1.79£0.55 | 16.085 | 0.00
Ao
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Figure 13. Occurrence rate of TP water quality grade and
seansonal frequency. -
Winter
b 3t 27} sea.
—‘] TPoﬂ EH il A (n=99) (n=
A M£SD | M=SD
2.15+0.72 | 2.16+0.73 | 2.24+0.69
* p : Significance Probability(p < 0.05)
A4 TOC S4%ke] AFE Atol= $A414
2 §oJ3t 2Jol7h Qe Ao Uehton] The A
Rk ol YEhd olf= A%
SHo] felEe e HEE
o] £ Uehtt Aoz %

4

AA 4 S
R FFoto] oo ot Uny
= Table 83} Zt},
Table 8. Statistical analysis table (TP)
Winter Spring | Summer | Autumn
sea. sea. sea. sea.
®=99) | (=179) | (=182) | (=185 | F | P
MSD | M#SD | M#SD | M#SD Hof| Bl 7] o
0.020.01 | 0.020.02 | 0.040.04 | 0.020.01 | 19.044 | 0.00 7} 2o v|a) QTS W
p : Significance Probability(p < 0.05) 9] &Fo] A7] ufjitol| =4
ok 4= Sl
w447 TP A%k A Aol SAH S &2
FoI2 Aol7} iz A2 tehkon] oz A& v Az
H7} &= dak figo] thE Aol Bl 211 sH
QEE o HBEAL AT A 07 uly] RO & stk 2 Ats A2 ALY AgEo] 54
Hrt, 8] S7FskaL Al oA AA| 47 o] &
TOC(Total Organic Carbon)= E2-0f a-8-x]0] A2 Ay B4 U o]of] Hity= =20l EA
L7189 B el &0 Z3hE ehA = 7857 fIRE dAtol o] & flef T 9 Wi 3
N9} HE7hE AAsto] oG o tigt HERAE
TOC(mi AABISIT, AT Q1o A E B
P 5uzke] FABETY ARE $Ae] ol AHER
, Rae T BARAE A,
AT o] gAY A4 o
27, WA, 4, AmE o oz 2k
.y AAT BE BEE0] 938 vl 29
s s gol, 4,
7|2 Y o8 2A
< A e R4EH
g A2 AeA
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Figure 14. Occurrence rate of TOC water quality grade

and seansonal frequency.
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