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Unit Loadings of Heavy Metals by Non-point Sources

- Case Study in a VaIIey Watershed -
Jin-Ho Kim’, Kuk-Heon Han®,

and Jong-Sik Lee (Div. of Environment & Ecology, National Institute of

Agricultural Science and Technology, RDA, Suwon 441-707, Korea, YRural Agricultural Infrastructure and Resources,

Rural Research Institute, Ansan 426-825, Korea)

ABSTRACT: The study was carried out to estimate runoff loads of heavy metals in the valley watershed
at the middle of South Korea, during farming season. There were no other pollution sources except
agricultural activity. From 27 April 2006 to 31 October 2007, water samples were collected using two
methods. The first method was regular sampling wherein water samples were taken every two weeks; and
the other method was through regular sampling when water were collected during each rainfall event. Results
showed that heavy metals were found in the water from the regular samples, and were highest during May

and June. It was presumed that this might have been contributed by farming activities.

Heavy metal

concentration of the irregular samples was lower than regular samples. The correlation coefficient between

each heavy metal of the regular samples were as follows:
coefficient of the imegular samples were the followmg

Fe-AlI>Cr-Al>Fe-Cr>Mn-Fe. The conelation
Fe-Al>Fe-Cu is positive; and Pb-Cu>N1-Al is

negatlve Measured pollutant loads of heavy metals in the valley watershed were : 2.047 kg day of Al, 0. 008
kg day of Cd, 0.034 kg day of Cr, 0.311 kg day of Cu, 0.601 kg day of Fe, and 0282 kg day of
Zn in 2006 while in 2007, the followmg were observed: 2. 535 kg day of Al, 0.026 kg day of Cd, 0.055
kg day of Cu, 0.727 kg day of Fe, and 0.317 kg day of Zn. In the analy51s of data gathered, the
loading rates of effluents from the valley watershed during the rainy season were : 79.8% of Al, 69.1% of
Cu, 82.5% of Fe, and 69.1% of Zn in 2006; while 69.9% of Al, 67.5% of Cu, 70.4% of Fe, and 67.5%

of Zn in 2007.
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@ Water level
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Fig. 1. Location of the study area and monitoring site.

Table 1. Population and livestock in the study area

Livestock (Head)

Tvpe Population %
P (Peoples) gzi?n Pig Deer Poultry Sheep Goat
Number 186 19 4,827 19 166 - 2
Source : Statistical yearbook of Jeongan (2006)
Table 2. Land use in the study area
Total Paddy Upland Orchard Forest Residential Others
ota
................................................ T
514.1 23.3 60.5 225 376.9 12.4 18.5

(100.0) 4.5) 11.8) @4 (73.3) 2.4) (3.6)
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Table 3. Monthly precipitation of the study area in year 2006 and 2007

Year Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Total
2006 (mm) 28.0 27.0 9.0 1060  89.0 1370 4640  53.0 21.0 260  960.0
2007 (mm) 17.6 35.3 136.0  27.0 131.8 1132 3086 4984 4646 524 1,7927

Daejeon ' (mm) 29.5 36.4 60.5 87.2 97.0 1743 2922 2965 1415 569 1353.8

30 years(1971-2000) average precipitation of Daejeon region
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Fig. 2. Rainfall and discharge by the sub-watersheds for
the study area.
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Table 4. Concentration of heavy metals of regular water samples

Year Item Al Cd Cr Cu Fe 1 Mn Ni Pb /n
.......................................... (Mg L7)eereereeeseemsmneiene
mean 0.097 0.001 0.001 0.009 0.039 0.003 0.004 0.001 0.002
2006 max. 0.477 0.008 0.005 0.014 0.194 0.016 0.011 0.006 0.009
(13) min. ND* ND ND 0.004 0.003 ND ND ND ND
sD. 0.135 0.002 0.001 0.003 0.051 0.006 0.003 0.002 0.003
mean 0.049 0.000 0.000 0.009 0.068 0.013 0.005 0.002 0.003
2007 max. 0.186 0.001 0.001 0.014 0.202 0.048 0.018 0.008 0.011
(12) min. ND ND ND ND 0.012 ND ND ND ND
S.D. 0.050 0.000 0.000 0.004 0.063 0.014 0.006 0.003 0.004

* ND ; Not Detected. TSD. : Standard deviation
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L, 2007d ND ~0.010 mg L2 2007'd°] o)zt Z7)s}
T A% B3lom, Zn?l 75 2006 ND~0.022 mg
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Table 5. Concentration of heavy metals of irregular water samples (Unit : mg L")
Year ltem Al Cd Cr Cu Fe 1 Mn Ni Pb Zn
.......................................... (5170 Uiy PSSR
mean 0.079 0.000 0.001 0.010 0.018 0.003 0.002 0.001 0.005
2006 max 0.937 0.001 0.005 0.026 0.153 0.046 0.009 0.008 0.022
O min ND* ND ND ND ND ND ND ND ND
SD. 0.130 0.000 0.001 0.005 0.025 0.006 0.002 0.002 0.006
mean 0.057 0.000 0.001 0.009 0.062 0.003 0.006 0.002 0.006
2007 max 0.533 0.001 0.007 0.024 0.364 0.013 0.025 0.010 0.032
75 min ND ND ND ND ND ND ND ND ND
S.D. 0.108 0.000 0.001 0.006 0.072 0.003 0.007 0.003 0.007

* ND ; Not Detected. TSD. : Standard deviation
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Table 6. Pearson correlation among the heavy metals

Zn 52.94 kg, Pb 15.70 kg, Ni 17.54 kg, Mn 9.42 kg, Cr
6.35 kg, Cd 1.51 kg ZAFE 91 CH, 200712 49+ Al

Loads (kg/d)

001

0.001
06/04/27  06/06/11

06/07/26  06/09/09  06/10/24  07/05/22  07/07/06  07/08/20  07/10/04
Date (day)

Loads (ka/d)

0.001
06/04/27  06/06/11  06/07/26  06/09/09 06/10/24 07/05/22  07/07/06  07/08/20  07/10/04
Date (day)

Fig. 3 Daily discharge loads of heavy metals during
surveyed period

Regular water samples (n=25)

Constituent Cd Cr Cu Fe Mn Ni Pb Zn
Al -0.092 0.566** 0.111 0.643** -0.144 -0.021 0.137 -0.341
Cd 0.270 -0.060 -0.160 -0.115 -0.006 0.020 0.301
Cr -0.089 0.494* -0.037 -0.073 -0.151 0.036
Cu 0.113 -0.091 0.026 0.055 -0.207
Fe 0.417* -0.033 0.229 -0.082
Mn -0.026 -0.037 0.146
Ni 0.008 0.122
Pb -0.305
Irregular water samples (n = 166)

Al 0.088 -0.107 0.364** 0.482** 0.059 -0.203*  -0.137 0.062
Cd 0.094 -0.079 0.181* -0.030 0.026 0.031 0.052
Cr -0.080 0.065 -0.007 0.176 -0.019 -0.106
Cu 0.433** 0.101 -0.132 -0.239** 0.148*
Fe 0.084 0.015 0.011 0.146*
Mn -0.082 -0.017 0.006
Ni 0.333** -0.010
Pb -0.128
EE =

7

: significant at 5% and 1% level, respectively
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Table 7. Unit loadings factor for heavy metal in the experimental area

Al Cd Cr Cu Fe Mn Ni Pb Zn
Year 1
....................................... (Kg day ™) eeseessersssensssesssnssnisnnnan,
2006 2.047 0.008 0.034 0.311 0.601 0.05 0.093 0.084 0.282
2007 2.535 0.026 0.055 0.386 0.727 0.065 0.113 0.117 0.317

Table 8. Discharge loads for heavy metal constituents between the dry and rainy seasons in the study area

(Unit : kg day™)

Year Item Al Cd Cr Cu Fe Mn Ni Pb Zn
2006 Dry season 0.827 0.004 0.018 0.192 0.211 0.022 0.049 0.048 0.174
Rainy season 3.267 0.012 0.050 0.430 0.991 0.078 0.138 0.119 0.389
2007 Dry season 1.549 0.017 0.036 0.255 0.437 0.040 0.074 0.074 0.210
Rainy season 3.492 0.036 0.073 0.514 1.008 0.090 0.151 0.160 0.422
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