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Water pollution level of artificial streams, Okgu, Gunja, Jeongwang, 4Ganseon and Siheong, in Shihwa
industrial complex was investigated in order to provide the scientific data for water quality management of the
streams. COD concentration from Okgu midstream with median value of 62.5 mg/L was the highest level of
all sampling sites. At all artificial streams, Ni, Zn, Cu and Cr concentrations from midstream and downstream
of industrial region were relatively higher than those of upstream of residential region. The high content of Cr®"
with median value of 0.293 mg/L was determined at 4Ganseon midstream. It was revealed that pollution of
artificial streams was caused by intermittent and impulsive discharge of untreated or inadequately treated efflu-
ent through the storm sewer from industrial factories. Thus it is necessary to link and treat the stream water
into sewage treatment plant. As an effective implementation to manage and improve the water quality of arti-
ficial streams, we suggest to pump the treated effluent from near sewage treatment plant into upstream of each
artificial stream and irrigate it via artificial streams for waterfront revitalization of Shihwa Industrial Complex.
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Fig. 1. Sampling sites of artificial streams in Shihwa industrial complex.



Table 1. Coordinates and business classification of each sampling site from artificial streams of Shihwa industrial complex

Name Sampling sites Coordinates Business classification around sampling sites

0G1 Okgu upstream 37°21'00.8"N 126°43'22.2"E Residential and commercial region

0G2 Okgu midstream 37°2023.3"N 126°42'45.9"E Foﬁagﬁ?rf:ﬁ;‘“féxg?ee/g;ceals’

0G3 Okgu down stream 37°19'42.6"N 126°42'06.5"E Textile/Dye, Metallic processing, Chemicals

GJ1 Gunja upstream 37°20'38.6"N 126°43'58.4"E Residential and Commercial region

GJ2 Gunja midstream 37°20'01.0"N 126°43'21.9"E Machinery

GJ3 Gunja downstream 37°19'20.4"N 126°42'42.6"E  Plating, Paper & pulp, Metallic processing

Jw1 Jeongwang upstream 37720'11.6"N 126°44'42.4"E Residential and Commercial region

Jw2 Jeonwang midstream 37°19'33.8"N 126'44'06.2"E  Electronics & Electrical, Paper & pulp

Jw2 Jeongwan downstream 37°18'53.1"N 126°43'26.7"E Machinery, Electronics & Electrical

GS1 4Ganseon midstream 37°18'49.8"N 126°44'21.7"E Plating, Metallic processing,
Painting, Paper & pulp

GS2 4Ganseon downstream 37°18'32.2"N 126°44'04.5"E Fine chemicals, Machinery

SH1 Siheong upstream 37°20'09.9"N 126°45'13.9"E Residential region

SH2 Siheong midstream 37°19'03.2"N 126°44'49.5"E Paper & pulp, Metallic processing

SH3 Siheong downstream 37°18'18.5"N 126°44'52.9"E Painting, chemicals, Food

Outflowl  Nearby Okgu midstream  3720'37.1"N
Outflow2 Nearby 4Ganseon midstream 37°18'57.1"N

126°42'58.8"E -
126°44'28.6"E -
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Fig. 2. BOD (a), COD (b), TN (c), TP (d) and SS (e) concentration of each sampling site from 5 streams of Shihwa
industrial complex and a detailed explanation (f) on box plot. The dotted lines of (a), (b) and (c), (d) indicate
pollutant levels of grade VI on river and lake environmental standard, respectively.
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Table 2. Pollutant concentration of storm sewer 1 (Unit; mg/L)

Sampling date BOD COD SS T-N T-P
2016-09-29 148.0 1358.6 6.0 183.14 0.225
2016-10-27 7.0 26.1 4.3 9.33 0.373
2016-11-29 4.8 14.7 44 7.15 0.208
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Table 3. Hexavalent chromium concentration of storm

sewer 2
Sampling date Cr°T(mg/L)

2016-06-23 1.046
2016-07-27 2.571
2016-08-30 1.248
2016-09-29 2.664
2016-10-27 3.365
2016-11-29 1.215
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Table 4. Ratio of median COD and BOD concentration at midstream and downstream of artificial streams

Sampling site Okgu Gunja Jeongwang 4Ganseon Siheong
Midstream 4.3(62.5/14.5) 2.009.1/4.0) 1.9(12.1/6.3) 2.0(8.6/4.2) 1.8(17.9/9.7)
Downstream 2.9(24.8/8.6) 3.4(8.2/2.4) 3.2(11.1/3.5) 1.8(13.1/7.4) 1.3(21.6/16.1)
Average 3.6 2.2 2.8 1.9 1.6

Table 5. Pearson correlation coefficients for pollutant concentrations of each artificial stream (n=181)

Item Stream BOD COD SS T-N T-P
Okgu 0.431%* 1.000
Gunja 0.882%* 1.000
COD Jeongwang 0.768** 1.000
4 Ganseon 0.931%* 1.000
Siheong 0.743%* 1.000
Okgu 0.053 -0.083 1.000
Gunja 0.102 0.136 1.000
SS Jeongwang 0.365* 0.138 1.000
4 Ganseon 0.039 0.047 1.000
Siheong 0.446%** 0.390* 1.000
Okgu 0.366* 0.781%* 0.047 1.000
Gunja 0.596** 0.580%* -0.167 1.000
T-N Jeongwang 0.532%* 0.490%* -0.215 1.000
4 Ganseon 0.229 0.160 -0.139 1.000
Siheong 0.083 0.289 0.262 1.000
Okgu 0.705%* -0.012 0.244 -0.015 1.000
Gunja 0.389% 0.567*%* 0.197 0.660** 1.000
T-P Jeongwang 0.547%* 0.675%* -0.092 0.771%* 1.000
4 Ganseon 0.139 0.014 0.086 0.184 1.000
Siheong 0.151 0.292 0.018 0.486%* 1.000

** and * indicate that correlation coefficients are significant at the 0.01 and 0.05 level, respectively.
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Table 6. Pearson correlation coefficients for heavy metal concentrations of each artificial stream (n=181)

Ttem Stream Fe Mn Ba Ni Zn Cu Cr Cr°7
Okgu 0.640%* 1.000
Gunja 0.207 1.000
Mn  Jeongwang  0.649** 1.000
4 Ganseon 0.031 1.000
Siheong 0.415* 1.000
Okgu 0.163 0.499** 1.000
Gunja 0.557**  0.586%* 1.000
Ba  Jeongwang  0.522%* = (.594** 1.000
4 Ganseon 0.143 0.465%* 1.000
Siheong -0.180 -0.050 1.000
Okgu 0.762%*  0.709** 0.292 1.000
Gunja 0.079 0.228 0.143 1.000
Ni Jeongwang 0.049 0.239 0.236 1.000
4 Ganseon 0.069 0.706** 0.523%* 1.000
Siheong -0.056 0.410* 0.371* 1.000
Okgu 0.552%* 0.018 -0.193 0.058 1.000
Gunja 0.136 0.074 0.252 0.591%* 1.000
Zn  Jeongwang 0.417* 0.117 0.229 -0.143 1.000
4 Ganseon 0.372* 0.282 0.272 0.191 1.000
Siheong 0.804%** 0.320 -0.145 0.038 1.000
Okgu 0.686**  0.660** 0.371% 0.843%* 0.083 1.000
Gunja 0.147 0.099 0.387* 0.355* 0.646** 1.000
Cu  Jeongwang 0.411* 0.348* 0.298 0.292 0.460** 1.000
4 Ganseon 0.335* 0.600%* 0.241 0.298 0.613** 1.000
Siheong -0.051 0.327 -0.295 0.413* -0.084 1.000
Okgu 0.791**  0.693** 0.246 0.922%* 0.043 0.812%* 1.000
Gunja 0.073 0.035 0.274 0.445%*  (.433** 0.170 1.000
Cr  Jeongwang  0.604**  0.565%*  (.588** 0.260 0.452*%*  (.488%* 1.000
4 Ganseon 0.046 0.605%* 0.229 0.805%* 0.011 0.420%* 1.000
Siheong 0.006 0.355* -.336* 0.297 -0.030 0.950%* 1.000
Okgu - - - - - - - -
Gunja -0.115 0.037 0.160 0.233 0.074 -0.015 0.881%* 1.000
Cr®"  Jeongwang -0.028 -0.024 0.018 0.561%* -0.061 0.099 -0.082 1.000
4 Ganseon 0.035 0.602%* 0.280 0.854** -0.020 0.343* 0.972%* 1.000
Siheong - - - - - - - -

** and * indicate that correlation coefficients are significant at the 0.01 and 0.05 level, respectively.

vlaf WA UEREA T Fet Zn 2 Crt Cu Alelel] o
AT @E 0.804 2 0.950(>0.01))& LR

Askzeel 57 AFsHE 1497
AN A AFES9] ofafs
A9 £deqd B4 Fsth U
2 7%

Z:

=
e 1E

Mx

] 7

rhu

olz}et4

tlolEle] W% Zo] uj¢- A3 FA L A} A 9
23 AEAHRT AFRQAS0] UHs 282 2 315X
Aol LA=7t wlg- =A UEhdth o]7le S/ %
AR IS SFAARRE sk sl 7F
A9 fol 23 Rz FAHALE. 7FE wE {7
27 202 pHodE L7231 CODY tE mle wre
BOD3#AI(0.431, p>0.01)3 Uehfjo] Ao ar
B e GEeA s8] b f9S AXbe
3 QlTk Alshee] el f1X1e A, A9, 41
A B A SF 9 shReld SAR=E Cudl



Tt g 7IES B 2Bl on B3] 4704
oM 7Fg =& Gt &% 0293 mgll)

[e]
5 o] 3245 odwrt 4Ze

o)At
LHE AT e AskE FEALAS T

=
Fok Sne, ed)d 49 2 Aske 4 A
[e)

S5 Fote AzARE 7T Ao BT,
HAel =

B A7E FYRAFANY A - £ BARAATY

=HRZ AlYe] d3toE 478)(078-1900-1946-309-330)

H9.0m AR 2ol FEsFA A7 ETUSAA A
29 RS9 o A=)

2. A, o5, W, 2=, U, Alskssh

il

N

K

10.

11.

12.

78] - g -

of

A5 - 2l

s B5TEe TEE AT 5N, d59YREe
=] 2002, 5, 51-67.

A7, Ao, 2AE, B, A, Mske 3 F

=
H s BF F8EY] $94 X W8, Ocean and
Polar Research, 2003, 25, 447-457.

AR, A, AR, A, ok, AR, 2744,

2333, “Principal Component Analysis®} Multi-Di-
mensional Scaling #4398 o838 Alglyt AlEHe] 4=
AR 9 nE ] X AT, S H AR,
2009, 35, 517-525.

L 90, Wl A8l AR W A4Ae] FEegd

B4 9 A28 A, PSSR, 2016,

- EHIAE, FELATIARIIE, 2017
L SR, AR AR, 2017.

N

AN, 23, ABA, ole7, Al Al 17k
AE FoEA e QP Ed fUEA", TiekE
58] - SEEEESS] e SlerERre=E, 2008,
454-455.

oI, Fgee, A, o8, B, WF, W,

“Algts Foo] FeAl LHEd RESA, diFYTE
8/3] - Sl ERLENE] FETA SRS, 2006,
770-771.

olgld, EH, “SWMM EFS o83t Alsls 9]
A E BN #3 A, gty areiels,
2015, 37, 14-22.

US EPA, “National recommended water quality cri-
teria, 2004.

Blet, AR, $AY, oA, o1, WA, %,
HARE, “AgE fY A BHE EE257F 41 A
BB PRl # - AW 54 I, FEEE
/5/5], 2008, 23, 267-276.



