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Evaluation of Water Quality for the Han River Tributaries Using Multivariate Analysis
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Abstract : In this study, water pollution sources of 14 major tributaries of Han river and characteristics of water quality for each
target streams were evaluated based on water quality data in 2007.1-2009.12 (14 data sets) using a statistical package, SPSS-17.0.
Cluster analysis over time and space for each stream resulted in 4 groups for the spatial variations in which type and density of
pollution sources in the basins showed the greatest impact on grouping. Moreover, cluster analysis for the time variation in which
rainfall, temperature and eutrophication were shown to contribute to the clustering, produced 2 groups, from summer to fall (July-
Oct.) and from winter to early summer (Nov.-June). Four factors were found as responsible for the data structure explaining 71-90%
of the total variance of the data set depending on the streams and they were organic matter, nutrients, bacterial contamination.
Factor analysis showed main factors (water pollutants) changed according to the season with different pattern for each stream. This
study demonstrated that water quality of each stream could produce useful outcomes when factor and pollution source of basin
were evaluated together.
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o|FAE FYLr sh= AvHY Hokd, FEEAYGY 5 Table 2, Water quality parameters(variables) for statistical analysis
A, 7Hde LR sk 7HEA - 2FH a9lal 29 Variable Abbreviation Unit
T2 A Fshe AUHS ez shelen, Qytd= Water Temp Temp T
7t =2 B4R Y BEE Sk Y AAHCRE G Hydrogen ion concentration pH
Aot AHAIE 92 st g, oMk - T - ASAIE Electric Conductivity EC umhos/cm
L9072 sh= QrFAH, UFAIL FEA] XYE 52 Biochemical Oxygen Demand BOD mg/L
G=HT) 3SR AGAE SO0 = AS - Chemical Oxygen Demand COD mg/L
24L Ao R 191, 373 F SFRE SdEE oA Suspended Solid SS mg/L
710 A2 3A Aot A H LAY A9} AFR Fuho] ¢ Dissolved Oxygen DO mg/L
2890 L UET} B oFEA] - EEAHA] - ZHAE S Total Nitrogen T-N mg/L
07 F AH - THA - GUH 5 2 147) AL Ao Total Phosphorus T-P mg/L
2 39} Nitrate as Nitrogen NOs-N mg/L
Ammonium as Nitrogen NH;"-N mg/L
Phosphate as Phosphorus PO -P mg/L
2.2. A ZAL K= 2| B9 Total coliform Coli MPN/100 mL
shHe) e ASAdS AR ST sEedd W & Fecal coliform FColi MPN/100 mL
o % AR AT JdURA} Z}E(ZOOS) o FEgES Chlorophyll-a Chl-a mg/m3
2 7|2AS ARE FEIAL olF A5 TR A
Table 1, Study streams and sampling sites
Stream name Sampling site Main basin Mark
Gapyeong Eumnae-ri, Gapyeong-eup, Gapyeong-gun, Gyeonggi-do(Ggapyeong bridge) North Han river ga
Gokleung Hajiseok-ri, Gyoha-eup, Paju-si, Gyeonggi-do (Gokleung cheon bridge) Han river goc
Gyeongan Seoha-ri, Chowaol-eup, Gwangju-si, Gyeonggi-do (Seoha bridge) Paldang Lake ay
Bokha Hyaji-ri, Heungcheon-myeon, Yeoju-gun, Gyeonggi-do(Heungcheon bridge) South Han river bh
Shin Daejeon-ri, Cheongsan-myeon, Yeoncheon-gun, Gyeonggi-do(Daejeon bridge) Im Jin river sn
Anyang Guro-dong, Guro-gu, Seoul (Ogeum bridge) Han river vy
Yeongpyeong Baegui-ri, Cheongsan-myeon, Yeoncheon-gun, Gyeonggi-do(Baegui bridge) Im Jin river yp
Wangsuk Topyeong-dong, Guri-si, Gyeonggi-do (Guri WWTP, nearby) Han river S
Jojong Cheongpyeong-ri, Cheongpyeong-myeon, Gapyeong-gun, Gyeonggi-do (Cheongpyeong bridge) North Han river 7z
Changleung Haengjuoe-dong, Deogyang-gu, Goyang-si, Gyeonggi-do(Changleung bridge) Han river chl
Cheongmi Samhap-ri, Jeomdong-myeon, Yeoju-gun, Gyeonggi-do(Samhap bridge) South Han river chm
Tan Bokjeong-dong, Sujeong-gu, Seongnam-si, Gyeonggi-do(Daewang bridge) Han river tan
Pocheon Yangmun-ri, Yeongjung-myeon, Pocheon-si, Gyeonggi-do(Eunhyeon bridge) Im Jin river pch
Heuk Gongse-ri, Gaegun-myeon, Yangpyeong-gun, Gyeonggi-do(Heuk cheon bridge) South Han river hch
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Table 3, Variable transformations for statistical analysis

Variables (Units) Transformation
Temp (C) Temp
pH pH
EC (us/cm) EC
BOD (mg/L) In (BODx10)
COD (mg/L) In (COD x10)
SS (mg/L) In (8Sx10)
DO (mg/L) In (DO x 10)
T-P (mg/L) In (T-P x10,000)
T-N (mg/L) T-N
NOsz™-N (mg/L) In (NOs-Nx10)
NH,*-N (mg/L) In (NH4*-N x 10)
PO.*-P (mg/L) In (PO4*-P x 10,000)
Coli (MPN/100 mL) In (Coli)
FColi (MPN/100 mL) In (FColi)
Chl-a (mg/m°) In (Chl-ax 10)

Table 4, Results of Shapiro-wilk test for normality
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Table

Stream p value - " = - -

EC BOD COD SS DO T-N T-P NOs-N  NH,-N PO, -P Coli Fcoli Chl-a

ga 0.295 0014 0114 0970 08383 0055 277 0.037 0894  0.149 0.070 0,661 0.539
goc 0.000 0.111 0493 0944 0629 0029 590 0.345 0,000 0233 0013 0004 0123
ay 0.488 0.304 0110 0544 0071 0.001 138 0306 0696 0052 0.541 0167  0.069
bh 0036 088 0389 0701 0895  0.395 005 0.350 0487 0.001 0,097 0000 0.322
sn 0.131 0.051 0286 0164 0038 0489 519 0.899 0.222 0.142 0.237  0.605 0.054
vy 0.004 0.221 0.711 0034 0286 0271 010 0.182 0.000 0006 0473 0541 0.728
yp 0.250 0.535 0.108 0,141 0604 0,025 911 0.003 0333 0618 0188 0671 0.811
ys 0.130 0.704 0.531 0.701 0.781 0.018 019 0.004 0.006 0000 0066 0101 0.069
7z 0.999 0.692 0.169 0,052 0.046  0.000 131 0.459 0269 0179 0199 0376 0.437
chl 0.038 0010 0613 0258 0579 0364 717 0.083 0,000 0074 0252 0422  0.066
chm 0,142 0280 0.149 0057 0.831 0.028 514 0.063 0,100 0403 0753 0,188  0.065
tan 0.004 0.183 0.049 0,002 0107 0937 846 0,000 0133 0168 035 0182 0318
pch 0.068 0.041 0486 0299 0515 0005 395 0.124 0.162 0.011 0504 0269 0,043
hch 0.000 0.063 0926 0304 0034 0948 840 0.238 0616 0,041 0425 0220 0,298
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Table 5. Characteristics of the upper region of study sites'®

57t ol obd HA44 whgol SRl gL Rul,
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S AFGAL Wi ETF] wel 158 5FoR RSt
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AYgAz dAE] YAt B hAu]&o] 10% ©
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Fig. 12 ZA} tj4F 14 31 2] 2007. 1~2009. 12714] 34

Stream name Population . Livestock Basin area Density of popu;ation Batig of* Numk‘)er of industry
(person) pig (heads)  cattle (heads) (km?) (person/km”) urbanization* (%) ():1,2 class
ga 15,431 2,519 3,915 3054 50 14 24(0)
goc 283,983 30,161 10,267 2614 1,086 12 575(0)
ay 414,645 38,238 4,068 447 2 927 15 621(3)
bh 156,333 184,237 23,365 3095 505 13 240(9)
sn 146,581 95,069 15,015 3436 427 9 551(18)
vy 1,613,079 4616 5,506 2812 5,381 30 509(13)
yp 15,431 116,110 15,905 2304 67 3 223(0)
ys 451 522 12,569 21,164 2746 1,644 10 472(3)
7z 24,581 5,365 4,001 260.6 94 8 53(0)
chl 134,136 2,237 476 80.3 1,670 28 62(0)
chm 62,265 364,262 35,452 596.1 104 8 225(1)
tan 1,327,177 8 301 2039 6,510 26 423(5)
pch 130,421 97,325 19,054 2305 566 9 964(9)
hch 25,494 14,983 3,250 3141 81 4 26(0)
*: Area included commercial site, industrial site, road site and building site etc,
Mean = 165
4007 150,01 _ S =810
N = 2,327

30.0

20.09

Temp(C)

10.0

Sampling date
Fig. 1. Histogram and distribution of water temperature for each site,
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Fig. 3. Similarity dendrogram for the sampling sites resulted from

yearly median data
() pch, yp, gy,

chm, bh, chl, goc. (i) yy, ys, tan. (i) sn. (iv) ga, zz, hch,
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Fig. 4, Similarity dendrogram for the time of sampling events
resulted from cluster analysis using streams' monthly me-
dian data (2007~2009), Two groups and three subgroups
were shown :(A) July, Aug., Sep., Oct.. (B) May - June,,
Feb, - Mar, - Apr,, Nov, - Dec, - Jan,,

Table 6, Number of factors extracted from factor analysis and
eigenvalue cumulative proportion explained by the
factor for each stream's data set

A B
Stream - -
No. of factor Cumulative (%) No. of factor Cumulative (%)

ga 5 85.68 4 7714

goc 4 85.36 4 73.70

ay 4 87.04 3 7832

bh 4 78.88 5 7468

sn 4 83.09 5 7471

yy 4 85.31 4 7825

yp 4 81.75 5 79.83

ys 4 87.27 5 76.48

2z 4 83.04 4 78.86

chl 5 90.05 4 7364

chm 3 87.79 4 76.13

tan 5 83.50 4 7198

pch 5 80.99 4 7185

hch 3 8194 4 78,50
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Table 7, The principal component for each stream at A time

group stream factor1 factor 2 factor 3 factor 4
goc  BOD, DO, pH, COD, Chl-a  (33.3)* EC, NH,*-N, T-N (25.1) Coli, FColl (19.0) NOg-N (8.0
Chl-a, BOD, COD, pH, SS, DO EC, T-P, T-N, NOs-N, PO*-P Coli, FColi NH."-N, PO*-P
oy 431) (243) (113) (8.4)
on  COD, BOD, PO,*-P, Coli, SS, T-N, EC, NH4"-N, Chl-a DO, pH NOs-N
T-P, FColi (31.6) @17 (9.1) (6.4)
[ FColi, T-P, PO4*-P, BOD, Coli DO, pH T-N, NH*-N, Chl-a COD, BOD, EC
ye (41.4) (17.3) NOs-N (133 (102)
chl  Coli, FColi (28.0) pH, DO, NH,*-N (231) SS,BOD, COD (209) T-N, NOs-N (11.4)
chm Coli, FColi, NHs™-N, 8S, PO,*-P COD, BOD, Temp, T-P, Chl-a T-P, PO*-P
477y (32.9) (7.2)
pch  T-P, NHs"-N, T-N (266) SS, PO,*-P, COD (19.3) BOD, EC,pH  (164) NOs-N, T-N, DO (10.8)
EC, PO*-P, T-N, T-P NH.™-N, BOD COD, S8, Chl-a, BOD  Coli, FColl
W NHSN, DO (36.0) (22.6) pH, DO A7.7) (9.0)
i PO.,*-P, T-P, NH,*-N, DO T-N, Chl-a, COD, EC Coli, FColi, BOD, S8 pH, SS, EC
¥S Bop (36.8) NH:-N, SS @11) (19.4) (10,0
tan  COD, BOD, T-P (27.4) Coli, FColi, BOD, COD (20.4) NOs-N, EC (17.4) T-N, NHs-N (9.8)
" . ;HN Cﬁfﬁﬁfﬁu NOs-N o S8, Coli, FColi, Temp 35 TPPOSP (119
T-P, PO,*-P, Temp, Coli SS, COD, FColi, Coli Chl-a, NH,*-N T-N, NOg-N
98 FColi, NOsN (36.3) (16.6) (13.0) (116)
" ,, S8, Goli, COD, T-P, FCol, PO,5-P DO, BOD, NHs"-N NOs-N, T-N pH, DO
(422) (18.6) (14.0) (8.1)
hp  PH EC, DO, NHi'-N, BOD,COD S, T-P, PO,*-P, Temp Coli, FColi
(412) (30.4) (10.4)
* 1 Cumulative(%)
Table 8, The principal component for each stream at B time
group stream factor1 factor 2 factor 3 factor 4
Temp, Chl-a, pH, DO, BOD T-P, NH,*-N, PO,*-P Coli, FColi COD, BOD
goe (39.3) T-N, EC (20,5 (13.4) (9.0
BOD, Chl-a, COD, Coli, Temp NH."-N, T-N, T-P, EC pH, DO
Y kol (437) PO-P, DO, NOs-N (218) (12.9)
bh  Chl-a, Temp, EC, BOD (289) T-P, PO -P (22,05 NH4-N, T-N, BOD(13.6) Coli, FColi (10.2)
COD, pH, BOD, T-P, NOg-N NH,"-N, T-N, T-P Coli, FColi, Chl-a DO, EC, T-N
[ Y Temp, Chi-a (34.4) (24 5) (112) (9.8)
o TN.NOs-N, DO, EC Coli, FColi, BOD, Temp T-P, PO.>-P NH."-N, Chl-a, pH
(31.4) (17.2y BOD, Chl-a (14 .3) (10.8)
chm 1emp, COD, Ghl-a, BOD, T-P, pH PO.~-P, T-P, NH"-N FColi, Coli EC, pH, NH4*-N
(44.0) (18.4) (13.8) (10.9)
T-N, NH,*-N, NOg-N T-P, PO,*-P, EC, BOD, COD Coli, FColi DO, Chl-a
peh (28.9) (22.1) (13.0) 78)
T-N, NH,*N, PO*-P, T-P COD, BOD, FColi, Chl-a Temp, Coli pH, EC
v (35.4) Coli 231y T-P, FColi (11.6) (8.1)
ii ys  T-N, NH,-N, EC (23.7) PO43'-P, T-P, BOD, NOs-N  (19.1) Chl-a, COD, Temp ¢158) FCali, Coli, DO {10.1)
TP PO,*-P, Chl-a, COD, BOD T-N, NH,"-N, EC, DO FColi, Coli, BOD pH
(36.6) (23,0) (11.5) (10.8)
i - PO P, T-P COD, BOD, Temp, Chl-a T-N, NOs-N, EC, DO,  Temp
(28.9) (19.2) BOD (16.1) (105)
Temp, COD, pH T-N, NOs-N, Chl-a, NH,*-N PO,>-P, T-P, BOD, Coli, FColi, EC
ga (27.4) (213) NHsN (172) (112)
" - COE;, Chl-a, T-P, Temp, BOD NOs-N, T-N, EC FColi, Coli pH, EC
PO.*-P, pH (38.3) (18.4) (14.0) (8.1)
hep  Temp, CSQD, BOD, Chl-a, T-P T-N, NOz-N Coli, FColi NH."-N, EC
pH, PO>-P (416) (14.4) (138) (8.7)
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Table 9, Factor explanation and main pollutants for each stream (A/B)

group stream 1 factor 2 factor 3 factor Main pollutants
goc Org/Me Nu Bac population > livestock
ay Org - Bac Nu Me population > livestock > wastewater
bh Org - Bac/Me N/P, Me/N livestock > population > wastewater
yp Bac/Org Me/Nu Nu/Bac livestock
chl Bac/N Me/Bac Org/P livestock
chm Bac/Me,Org Org/Nu Nu/Bac livestock > population
pch Nu/N P Org/Bac livestock > wastewater > population
vy Nu Org Me/Bac population > wastewater > nonpoint
i ys Nu/N Me/P Bac/Me population > livestock > wastewater
tan Org/P Bac/N N/Bac population > wastewater >nonpoint
i sn N, Org, Me/P Se, Bac/Org, Me P/N wastewater > livestock > population
ga Nu - Bac/Se Hu/N Me/P nonpoint > population
iv 7z Hu, Bac/Me Org/N N/Bac nonpoint > livestock > population
hch Org/Se, Org Se/N Bac population > wastewater > nonpoint

Org. : organic pollutants, Nus : nutrients, Bac : pathogenic bacteria, Me : metabolism in stream
P, N, Hu : Total phosphorous, Total nitrogen, Humic pollutants, Se :seasonal factor
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