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In this study, correlations between seasons and parameters in the Geum River, South Korea, were examined
using the hourly measurement data of water quality parameters by a real-time, automatic water-quality mon-
itoring station. Correlations between measures of water quality provided by this station exhibited the same
trends as those acquired by manual measurements; in both cases, water temperature showed high correlations
with DO and pH. Inflow-pollution-source items (TOC, TP) showed positive correlations with, and were much
influenced by, water temperature and precipitation. These two parameters had negative correlations with TN,
which acts as a growth-limiting factor for algae. Linear regression analysis revealed that water temperature
could be used to explain variations in DO (86.0%), pH (77.4%), TOC (51.7%), TN (39.6%), and TP (34.5%),
at most. DO and TOC could explain variations in pH (90.8%) and TP (34.5%), respectively. The daily cycles
of change in water temperature, DO, and pH showed trends similar to that of air temperature. Generally, they
were highest from 13:00 to 16:00 hours, and lowest from 05:00 to 07:00 hours. The daily differences (largest
in summer and smallest in winter) were most apparent in Bonghwangcheon, which is a tributary of the Geum
River.
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Fig. 1. The map of the four monitoring stations.
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Fig. 2. Monitoring system and sampling facilities (A: the monitoring station, B: inside the monitoring station, C:
measurement system by using YSI 6600 in storage tank, D-F: barges, manhole, and bridge piers types sampling

system).
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Table 1. Linear regression analysis between two kinds of
data by T, DO, pH, and EC at the four monitoring
stations in 2013 (Dependent variable: manual ana-
lysis data, independent variable: real-time auto-
matic measurement data, N is samples number)

. . B

Station Variable Coefficients Constant
T 1.012 - 0.987
Hyundo DO 0.793 3.787  0.889
(N=46) pH 0.600 3.429 0.539
EC 1.574 - 0.509
T 0.994 - 0.996
Daechungho DO 1.065 - 0.969
N=12) pH 0.866 - 0.941
EC - - 0.414
T 0.998 - 0.998
Iwon DO 0.946 - 0.852
(N=43) pH 0.808 - 0.601
EC 0.972 - 0.931
T 1.048 - 0.989
B"‘lit‘ging' DO 0.623 6.701  0.918
(N=12) pH - - 0.197
EC 0.718 84.044  0.817

*correlation is significant at the 0.01 or 0.05 level.
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Fig. 3. Plot of two types data at the four monitoring station in 2013 (A: real-time automatic measurement, @: T, @: DO,
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Table 2. Linear regression analysis between two kinds of data by TOC, TN, and TP at the four monitoring stations in
2013 (Dependent variable: manual analysis data, independent variable: real-time automatic measurement data,

N is samples number)

B

Station Variable Coefficients Constant R
TOC - - -
Hyundo (N=41) TN 1.101 0.019 0.629
TP - - -
TOC - - -
Daechungho (N=11) TN - - -
TP - - -
TOC 1.275 - 0.759
Iwon (N=39) TN 0.827 - 0.772
TP 0.834 0.009 0.661
TOC - - -
Bonghwangcheon (N=11) TN 1.083 - 0.891
TP 0.466 0.020 0.816

*correlation is significant at the 0.01 or 0.05 level.

@+ 159mgl), ol¢¥ 1.11~291 mgL (H 1.86mg/
L), 283 23k 123~509mgl (H 2.88 mg/L)S]
HAE 47 yelydth 28]la TP dx 0.00~0.01
mgL (37 0.01mgL), 335 0.01~0.07 mgL (H++
0.02mg/L), °1¢¥ 0.01~0.06 mg/L (H++ 0.02 mg/L),
aE]a B3 0.02~021mgL (B 0.06 mgL)e]
Q1= 2z} Jepdth TOCS] A%+ AL 457
& EF 3mg/l oJ8lR “F& A ooz gushAl
vehdth AdEEE TOCE 3H 74971(7~8¥)0l
ArHoF 2mg/ll k= 7397t AR, 1 o=
1~2 mg/Le] W= Vet TNO| 739 A=A =
AEA WS HolA] egon}, s o]¢x -
FHoM = sl Yol ez Yedt) v
o] TP= sl Eolle Autsls A=z Yl
(Fig. 4).
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ol FAA ARG ¥ o A F A4S tE S

o oJgt zte|rt & Aoz A7 & 9ty TOC=

fe (p<0.05) Q= FAAAE Hgon, 2
9= FolAol gl ez Yt TN TPe 4+
A0 Fo4 e dERAE B

TOCE ool A AAAF®R7F 0.759 (Younua=
1.275X,,thEA = S veplislon, &5
A4 A57F AAIAESA AEeE AR WHEst
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3L 0.891 (Y, =1.083X sy time +DEA FEEA 2
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£ 202 Ut TP B33d0A L =2 et
FANY e =0-466X oz rime+0.020, R=0.816)2 L+E}
en, 584 A7t AAIARESA Akged v
a 0.46681 S Zo = UEPSTtH(Table 2).
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Table 3. Correlation matrix between environmental factors as T, DO, pH, and EC by two kinds of data at the four
monitoring stations in 2013 (N is samples number)

DO pH T EC

DO 1.000 0.953 -0.927 -0.467
Hyundo pH 1.000 -0.880 -0.524
(N=8062-8078) T 1.000 0.507
EC 1.000
DO 1.000 -0.322 -0.686 -0.302
Daechungho pH 1.000 0.874 0.090
(N=8128-8351) T 1.000 0.275
Real-time automatic EC 1.000
measurement DO 1.000 0.096 -0.870 0.121
Iwon pH 1.000 0.254 0.281
(N=8297) T 1.000 -0.076
EC 1.000
DO 1.000 0.708 -0.624 -0.038
Bonghwangcheon pH 1.000 -0.082 0.054
(N=8104-8142) T 1.000 0.030
EC 1.000

DO 1.000 0.438 -0.928 -

Hyundo pH 1.000 -0.368 -

(N=46) T 1.000 -
EC 1.000
DO 1.000 -0.368 -0.458 -0.496

Daechungho pH 1.000 0.900 -

(N=36) T 1.000 -
. EC 1.000

Manual analysis DO 1000 i 0913 .
Iwon pH 1.000 - 0.506

(N=43 T 1.000 -
EC 1.000

DO 1.000 - -0.879 -
Bonghwangcheon pH 1.000 - 0.610

(N=12) T 1.000 -
EC 1.000

*correlation is significant at the 0.01 or 0.05 level.

Table 4. Linear regression analysis of the various parameter as T, DO, pH, and EC at the four monitoring stations in 2013
(N is samples number)

Variable B

Station Independent Dependent Coefficient Constant R’

DO -0.483 13.927 0.860

T pH -0.034 7.590 0.774

(N:Hs%uﬁnz%gom) EC 0.647 122.366 0.257
DO pH 0.071 6.604 0.908

EC -1.144 139.367 0.218

DO -0.144 12.721 0.470

T pH 0.069 7.056 0.764

(I\]I) jgclgfsgffz) EC 0.416 131.207 0.075
DO pH -0.123 9.496 0.104

EC -2.246 161.261 0.091
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Table 4. Linear regression analysis of the various parameter as T, DO, pH, and EC at the four monitoring stations in 2013

(N is samples number) (Continued)

Station Variable P R?
Independent Dependent Coefficient Constant
DO -0.230 13.705 0.757
T pH 0.011 7.260 0.065
Ne 812";(;“8297) EC -0.095 132.601 0.006
(N=8277- DO pH 0.015 7.265 0.009
EC 0.573 125.329 0.015
DO 0.264 11.247 0.389
T pH -0.003 7.203 0.007
B(lo\?ig‘gg_gsc;;g“ EC 0.133 192.780 0.001
DO pH 0.066 6.673 0.502
EC -0.401 197.693 0.001

*correlation is significant at the 0.01 or 0.05 level.

o, B3kxe] A9E DO7F 10 mgls 238l 1
Fxo] 9ol DOol gk pHel Z7HE¢] 10 mg/L
olafl wlal ZA UeRThFig. 5). ©l& s FA
of Ax WAskE 2R UlSAoE st dfos &
4= 9lth. DO} EC7He RE A oA o] B
(R<0.5) YERSTE. pHO| 73-9-0ll%= ECe} 334 (R<0.5)
o] WA Yehgtou, FEA Aaelae shAH]
ol TN F(+)e] WAE =& FAIR>
0.5y YERHATH Table 3).

Table 49M= 72t SHAAANA AF3H #4S 5
& Aol AR (B3} FAAFRYE UERIZ
om, 7} QIR dHAA 2= Fig. 5014 VR
Atk Fol=p)ye 0.01 ©l3F T 0.05 o3z A<
stk 72 37R1A; 7He] I ARA AL BE feodo]
UE ZoF Yepgkon, e uEt Wslshks DO=
39.8~86.0%71A A@3] Al HFslar 2ol ]3|
ARE & e Fo= Yeidth 7MY w2 4Ed S
Bl IARA e A=A Y =-0.483X;+13.927
(R2=0.860)2 UERto™, 4~29 wa}l DO7} 0.483H)
2 ke FdoE JeRt) pHel 79+ dxot o
A3oM A7t 774% (Y=-0.034X:+7590, R*=
0.774)¢} 764% (Y,5=0.069X+7.056, R2=0.764)%
TR A9E 5 e 2oz Yeptkon, o]z}
ol E ZH2 65% (R?=0.065)2 1.0% (R?=
0.00)E A YebTt.

DO°l w2} Wslsh= pHE A3 90.8% (R?=0.908)
7R ARE 5= e AoE Yehgon, xgdzes &
T > OS> ol > B3] o= Vet B
Aol ZAAY ol fx|8k= dolx] QPgA ol

o] Z71E 7K 4 Sinh £ drelME a1
ZAAH UH dwel SR ojYollM e 20
w2l Wsleh= DO AF3|AM A7E 242t 0483
R?=0.86)7} 0.230 (R?=0.76)C& o]dolx] Fo| 1]
3l DO®| 7haZo] of 28] W H3Fo = vpERE

G0 wet WskslE pHel A= oM 7.59
(T=0°0)=2 Al&sted APg]AA AS7F 0034 R*=
0772 AR 7HAsg oy, qAsAE pH 7.06
(T=0°C)2. &2 A|Zsted 0.069 (R?=0.76)E =7}l
oz dnts= A2 et Sx0] Aol ¢
Hee ¥se 20 T7HGE pH= 0.0694=
Z7kRe Aoz B 4 9th

EC= oA E2%
o}, BiHEA 2270
T e9EHo] EAEY e FAdME &4 &
Aolgtx ECY dZ ez RAgtetd B
M= ECeF 87AA7 ABAL WA (R <.3) Ykt
th 283 71EEe 54 Akse] - (N=8062~8351)
7} ol AT A vEReH, 43 QIAE 53
oz AW $= e Fo= Yepdt

322. FA7EFLE

g2 Ame] £4879 TOC, TN, TP <17
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T B TOCO gt 2t QAARke] Add 3RS §

A tHTable 5~6).

TOC, TN, TPE ¥rtxog BEazlgo] AN =
g el vlsl o] BEete] A Qe AR
Aol & 4 glew, a8 423 TOC, TN,
TPe] AR JAAAE ARZE 1&g 7392 AA

= —
0.719y% ®3lom, 1 9] AYel= v velst.
3 TPE ZA%olle A Adollx k+)2] i
(R=0.458~0.629), &3} TNS Sz(0)°] 484 R
=0214~0.806) R.5lon], TOCSH TPE H(+)e] 4
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Table 5. Correlation matrix between environmental factors as T, TOC, TN, and TP by two kinds of data at the four
monitoring stations in 2013 (N is samples number)

T TOC TN TP
T 1.000 -0.177 -0.234 0.458
Hyundo TOC 1.000 -0.194 0.088
(N=8062-8078) TN 1.000 -0.090
TP 1.000
T 1.000 0.719 -0.214 0.629
Daechungho TOC 1.000 -0.253 0.608
(N=8012-8351) TN 1.000 0.161
Real-time automatic TP 1.000
measurement T 1.000 0474 -0.660 0.583
Iwon TOC 1.000 -0.081 0.587
(N=4073-8297) TN 1.000 -0.095
TP 1.000
T 1.000 0.193 -0.806 0.594
Bonghwangcheon TOC 1.000 -0.097 0.405
(N=8104-8142) TN 1.000 -0.279
TP 1.000
T 1.000 -0.358 -0.303 -
Hyundo TOC 1.000 0.423 -
(N=46) TN 1.000 -
TP 1.000
T 1.000 - - 0.575
Daechungho TOC 1.000 - 0.347
(N=36) TN 1.000 -
Manual analysis TP 1.000
T 1.000 0.442 -0.592 0.374
Iwon TOC 1.000 - 0.662
(N=43) TN 1.000 -
TP 1.000
T 1.000 - -0.876 0.655
Bonghwangcheon TOC 1.000 - 0.859
(N=12) TN 1.000 -
TP 1.000

*correlation is significant at the 0.01 or 0.05 level.

Table 6. Linear regression analysis of the various parameter as T, TOC, TN, and TP at the four monitoring stations in
2013 (N is samples number)

. Variable B

Station Independent Dependent Coefficient Constant R’
TOC -0.005 1.933 0.031
T TN -0.009 1.622 0.055
(Njgg;fi;mg) TP 0.000 0.004 0.210
TOC N -0.209 1.937 0.037
TP 0.001 0.004 0.008
TOC 0.023 1.772 0.517
Daechungho T N -0.008 1.727 0.046
(N=7794-7940) TP 0.001 0.003 0.396
TOC TN -0.273 2.192 0.064
TP 0.023 -0.032 0.370

*correlation is significant at the 0.01 or 0.05 level.
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Table 6. Linear regression analysis of the various parameter as T, TOC, TN, and TP at the four monitoring stations in

2013 (N is samples number) (Continued)

Variable

Station Independent Dependent Coefficient Constant R
TOC 0.021 1.305 0.225
T TN -0.026 2.310 0.436
(N—SIE)V;(;H7958) TP 0.001 0.008 0.339
Bt T0C TN -0.070 2.123 0.007
TP 0.016 -0.007 0.345
TOC 0.014 1.346 0.037
T TN -0.087 4.180 0.649
Bonghwangcheon TP 0.002 0.029 0.353
(N=7824-7976)
T0C TN -0.148 3.111 0.009
TP 0.019 0.029 0.164
*correlation is significant at the 0.01 or 0.05 level.
T7F Hol(N=12~4671) o174 A=(P<0.05) #= & A2 22 S Heom, A= dolstAl Ut
ol BVIA, AFsd 5 AR BT eyt i3 s} oY, B8 E A Aderldl o
FFo = ERT ’“X@Wé Ak e AT 29 Ehve PR Ed el wet TOCS TP= S71st
5}, Aol wet A9 golst e vElH, & = AFeIou, TN A=Z543 5"1 Z2] AR}
Tt 255 2 2§t lﬁ% Z.}i o7 A7Hetk(Table 5).
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Fig. 6. Correlation between the various parameter as TN, TP, and TOC at the four monitoring station in 2013.
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Fig. 8. Hourly and monthly distributions of the various parameter as T, DO, pH, and EC at the Iwon and Bonghwangcheon
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