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Analysis of Relationships Among the Pollutant Concentrations in Non-urban Area. Jeon,
Ji-Hong, Chun-Gyeong Yoon* and Jong-Hwa Ham (Department of Biological Systems
Engineering, Konkuk University, Seoul, 143-701, Korea)

A statistical analysis was performed to evaluate relationships among the pollutant
concentrations in non-urban area. The data obtained from two subcatchments in
Hwa-0Ong watershed during 1999 was used for correlation and regression analyses.
Strong correlations were observed among the SS, COD, and TP, while it was not
significant with TN. The reason for weak correlation with TN might be that TN was
high in dry-days and runoff in wet-days could not increase enough to change it
substantially like in other pollutants. The correlations were stronger for the data in
wet-days than in dry-days, and it was influenced by watershed characteristics.
While TP-COD showed linear relationship from the regression analysis, SS-TP and
SS-COD showed intrinsically linear relationship between log-transformed TP and
COD data and non-transformed SS data. The TP-COD showed strong relationship
for all the combinations of monitored data, which implies that these two constituent
concentrations varied in a similar pattern. The regression equations reported in the
paper might be used to estimate one pollutant concentration from the other in
pollutant loading estimates, and its application could be expanded to other non-
urban watersheds if their characteristics are not significantly different from the
study area. In water quality management projects, rigorous monitoring and its
thorough evaluation are recommended to develop more reliable relationships
among the pollutant concentrations which could be used in other area.

Key words : Statistical analysis, Non-point source, Non-urban, Pollutant concentra-
tions, Regression equation
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Fig. 1. Study area and sampling sites.
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Table 1. Land use classification of monitored subcatchments (unit: ha).

Watershed Forest Paddy Upland Livestock Residental Others Total
A 425.3 (43.9%) 301.2(31.1%) 85.9(8.9%) 13.5(1.39%) 22.5(2.3%) 119.4 (12.3%) 967.8
B 584.7 (39.7%)  418.3(28.4%) 213.6 (14.5%)  6.3(0.4%) 38.3(2.6%)  211.7(14.4%) 1,472.9
Table 2. Analytical methods used for constituents.
Constituents Methods Remark
COD Korean standard methods KMnO.,

(Chemical oxygen demand)

for water quality

TN (Total nitrogen)

Norg—N SM 4500-Norg-B BUCHI 435 & B-316,
NH3z-N SM 4500-NH3-F
NO2-N SM 4500-B HP8452A
NO3-N SM 4500-B Spectrophotometer
TP (Total phosphorus) SM 4500-P D HP8452A
Spectrophotometer
Preparation SM 4500-P B Autoclave
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Table 3. Pollutant concentrations during dry-day (unit:

mg/L).

SS COD TP TN
Date  sjte site site site site site site site

@ © @ ® e ® @ ®

56 4.0 0307 0151 34 26
58 5.6 0.190 0.096 5.3 6.2
8.7 39 0390 0.153 3.7 3.8
8.7 3.9 0404 0.383 52 48
3/11 125 70 87 58 0420 0881 3.7 37
3/24 180 50 94 6.6 0541 0350 9.1 59
4/29 100 6.5 104 81 0441 0172 87 28
527 165 6.0 9.1 6.1 0498 0.090 105 4.9
6/11 195 75 6.4 89 0161 0.026 6.8 3.0
6/24 155 225 142 9.4 1206 0.090 7.2 34
7/08 185 190 9.1 6.7 0.285 0.156 4.8 2.8
8/05 280 95 72 61 0326 0119 9.2 8.1
8/27 100 90 88 55 0407 0.126 6.9 35
9/10 325 24.0 122 85 1.042 0.244 88 5.0
10/08 150 40 49 27 0301 0.050 7.4 3.9
10/22 45 90 64 6.8 0301 0.050 8.6 88
11/08 65 20 92 72 0279 0.039 9.0 6.9
11/15 20 20 78 44 035 0.045 9.0 7.0
Mean 169 81 85 6.1 0436 0179 7.1 438
SD 104 68 23 19 0.270 0.202 22 1.9

1/05 420 2.0
1/19 305 25
2/09 115 25
2/23 115 6.0
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Fig. 2. Change of suspended solid (SS) and chemical
oxygen demand (COD) and total phosphorus (TP)
concentration during wet-day.
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Table 4. Correlation coefficients between two variables
for dry—period.

Pollutant Data SS COD TP TN

@ - -0.142 0.107 -0.267
SS ® - 0.624** 0.034 -0.184
@®+® - 0.322 0.286 0.040
@ -0.142 - 0.863** 0.223
COD ® 0.624** - —-0.086 -0.035
@+®  0.322 - 0.623** 0.330
@ 0.107 0.863** - 0.220
TP ® 0.034 -0.086 - —0.189
@+® 0.286 0.623** - 0.282

@ —0.267 0.223 0.220 -

TN ® -0.184 -0.035 -0.189 -

®@+® 0.040 0.330* 0.282 -

* Significant at a =0.05
** Significant at a =0.01
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Table 5. Correlation coefficients between two variables
for wet—period.

Table 6. Correlation coefficients between two variables
with whole data during the study period.

Pollutant  Site SS COD TP TN Pollutnat SS COD TP TN
@ - 0.895** 0.801** 0.466* SS - 0.685** 0.569** 0.135
SS ® - 0.811** 0.794** 0.321 COD 0.658** - 0.864** 0.443**
@+® - 0.580** 0.529** 0.178 TP 0.569** 0.864** - 0.515**
@ 0.895%* _ 0.838** (.353 TN 0.135 0.443** 0.515** —
COD ® 0.811** - 0.953** 0.187 ** Significant at a =0.01
@+® 0.580** - 0.889** (0.591**
0.801** 0.838** - 0.353
@ orom oosme  — o A, gz oulrt ge ARel fein B2
@+® 0529** 0.889** -  0.667** I Heh ARl 7 vebd s gkl 53
®  0466* 0353 0.304 - = AkE s @Al o]dt dAMe T f99 AeAt
™ © 0321 0.187 ~ 0.323 - 271 2= E A DEd 2o st e
**k *k —_
@+® 0.178  0591** 0.667 o 2 gtq o)zt o‘l‘oﬂ L 1o

* Significant at a =0.05
** Significant at a =0.01
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Table 7. Correlation coefficients between two variables with whole data during the study period.
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Site Sampling SS-TP SS-COD TP-COD
data a b R? a b R2 a b R2
4/9 048 -0.66 0.81 9.75 -16.32 0.71 186 -0.95 0.72
@ 5/3 043 -0.84 0.94 9.97 -16.96 0.92 232 259 098
Both 041 -060 0.73 9.89 -16.77 0.82 18.9 230 0.70
4/9 016 -0.14 082 2.36 352  0.90 14.0 6.02 0.95
® 5/3 014 -017 081 2.23 256 0.83 13.9 5.94 0.80
Both 015 -0.15 0.78 2.21 332 083 13.9 6.00 0.91
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39 ol 50 A
| l.'_:Ll.'J_'ILu.lhl'Ll.l'.H:- 40 : a
; . =072 = - .
- 27 = a0 - y=RA1Lnlxk=167
TR | - E . I
E o g% T y-0lfLalxi-015 2 g ;’ . R=0H2
o -3 .
1] ¢ : H™=0.78 ) (5] e s o
| pm— 10 y=2 H Lntxivd 52
5 F=043
0 E B . — N 0 e b 2 v S ]
i) 100 200 300 400 500 200 300 400 500
55 (maiL) 5% (maiL)
TP - COD TP - COD
G0 - e e 7_| B - i e
v= 13 e - 00 £ vl -3 85 i /_
J"‘ﬂ' ' RE-na] " /”’ 40 1 R-075 giu
L] o "
£ 30 . ‘é:m B
5 o goxem| © Rl -
8 20 | s, =0 §20 | 45 I
i 4 - L] | . b
0 y 10 #ﬂ : |
g L= ol -~ I |
] 1 2 | 0 1 3
TF {mgiL] TP (mgiL})

® Siie o) for wet-penid @ Sie & for wel-pericd

=« RKijte a0 for ol dea

Fig. 3. Regression curve between SS and TP and between SS and COD and between TP and COD.
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Table 8. Correlation coefficients between two variables at
other non-urban area.

SS-TP SS-COD TP-COD
a b R? a b R? a b R?

Deachun 0.16 —0.22 0.81 2.26 591 046 13.8 9.11 0.54
Sinteain  0.14 -0.39 0.57 2.41-2.09 0.56 13.6 5.28 0.63
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