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A Study of Groundwater Distribution and
Nitrate Contaminant Sources at Gimhae City, Korea.

Yun—jeong Kim

Department of Applied Geology, The Graduate School,
Pukyong National University.

Abstract
General statistical and geostatistical analysis were carried out to
delineate the distributions of groundwater level at Gimhae City. By the
general statistics, the means of the groundwater levels and elevations
of groundwater wells are 32.48m and 42.37m, respectively. Linear
regression analysis shows that the groundwater level and elevation have
a highly positive correlation.

By variogram analysis, spherical models are suitable for groundwater
level and elevation data. Cross validation test shows that their
estimates with spherical models are similar to their raw data. The
contour map of the groundwater level using cokriging is more precise
than that using ordinary kriging.

Nitrate contamination of groundwater is very popular in the world. It
may cause a human health problem of blue baby. 59 groundwaters over
the criterion level(10mg/L ) of drinking water in NO3—N were chosen
for the identification of contaminant sources. By the nitrogen stable
isotope analysis, The 22% of 59 samples are not contaminated. The
11%, 17% and 25% of the groundwater samples are affected from
chemical fertilizer, livestock wastes, domestic sewages, respectively.

The rest is affected by the complex of three major sources.
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Table 1. General statistics of the elevation and groundwater level data

Data .
Contents Elevation Groundwater level
Number of data 255 255
Mean (m) 42.37 32.48
Median (m) 23.38 17.28
Standard deviation (m) 39.04 38.04
Variance (m’*) 1523.75 1446.97
Skewness 2.61 2.78
Kurtosis 7.79 9.09
Minimum (m) 11.28 0.10
Maximum (m) 264.25 259.62
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Table 2. General statistics of the natural—log transformed elevation and

groundwater level data

Data [Natural—log transformed|Natural—log transformed
Contents elevation groundwater level
Number of data 255 255

Mean (m) 3.4924 3.0207
Median (m) 3.1519 2.8496
Standard deviation (m) 0.6399 0.9694
Variance (m’) 0.4095 0.9398
Skewness 1.1980 —0.4050
Kurtosis 0.4930 3.3730
Minimum (m) 2.4230 —2.3026
Maximum (m) 5.5769 5.5592
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@ 43 29 (Spherical model)
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Figure 7. Models with sill(Journal and Huijbregts, 1978).
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cos 0 + Asin 20

sin 20 + Acos 20
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o] A (zonal anisotropy)

1978).
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A& o] &3tt(Journel and Huijbregts, 1978).
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Table 3. Variogram models and parameters
Parameter . 9
) Model Nugget Sill Range R” RSS
Variable
Spherical 1.000 | 1377 | 4690 | 0.329 | 1.300E+06
Groundwater level Exponential 1.000 1368 1600 | 0.288 | 1.410E+06
Gaussian 128.000| 1373 | 2130 | 0.327 | 1.302E+06
Spherical 13.000 | 1454 | 4840 | 0.370 | 1.271E+06
Elevation Exponential 1.000 1447 1660 | 0.326 | 1.395E+06
Gaussian 190.000| 1451 | 2260 | 0.369 | 1.273E+06
Natural—log Spherical 0.002 | 0.891 | 3640 | 0.232 0.447
transformed Exponential 0.001 | 0.893 | 1320 | 0.220 0.454
groundwater level Gaussian 0.100 | 0.889 | 1600 | 0.231 0.447
Natural—log Spherical 0.001 | 0.395 | 5220 | 0.464 0.069
transformed Exponential 0.001 | 0.394 | 1840 | 0.417 0.077
elevation Gaussian 0.037 | 0.395 | 2410 | 0.459 0.069
Table 4. Cross variogram models and parameters
Parameter . 2
) Model Nugget Sill Range R” RSS
Variable
Spherical 1.000 | 1390 | 4800 | 0.350 | 1.272E+06
Groundwater level and -
. Exponential | 1.000 | 1382 | 1640 | 0.307 | 1.391E+06
elevation
Gaussian |134.000| 1387 | 2190 | 0.349 | 1.274E+06
Natural—log Spherical 0.001 | 0.504 | 5230 | 0.433 0.132
transformed ]
Exponential | 0.001 | 0.502 | 1800 | 0.382 0.148
groundwater level and
elevation Gaussian 0.042 | 0.503 | 2390 | 0.428 0.133
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Figure 8. Semivariogram of the groundwater level with spherical

model.
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Figure 9. Semivariogram of the elevation with spherical model.
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Figure 10. Semivariogram of the natural—log transformed

groundwater level with spherical model.
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Figure 11. Semivariogram of the natural—log transformed elevation

with spherical model.
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Figure 12. Cross semivariogram of the groundwater level and

elevation with spherical model.
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Figure 13. Cross semivariogram of the natural—log transformed

groundwater level and elevation with spherical model.
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2.5.2. 2x}7 A (Cross—validation)

FEAZC gigk W1y Edout wah e 1
RS AAsRS o, A" 2] ARAAS HASe] s AAE
azbs, A gke A skee ok EaAbE
W o gle] digk wxEAd ARE A sl ] FAAF(regression
Ay FAAXAE deEhE Haxs 2o s A4S o
o

7k 1,000 W ek AP JHIY. B oAt

¢

o A

R

e deEg. REe ZARASF EE  ARAFd AR#ew,

"1.000"Y w] A3 X3S 7FR T (Robertson, 2000).

n:;
rUO

Table 5. Cross validation for selected variogram model

Cross—validation
Parameter

Regression SE R? y

Variable Model > )
coefficient intercept

Groundwater level Spherical 1.062 0.042 | 0.712 | —0.702

Groundwater level and )
Spherical 1.067 0.042 | 0.723 | —0.858

elevation

Natural—log transformed )
Spherical 0.879 0.050 | 0.547 | 0.387

groundwater level

Natural—log transformed
groundwater level and Spherical 0.880 0.050 | 0.551 | 0.388

elevation
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Figure 14. Linear regression of the groundwater level with

spherical model.
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Figure 15. Linear regression of between the groundwater level and

elevation with spherical model.
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Figure 16. Linear regression of the natural—log transformed

groundwater level with spherical model.
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Figure 17. Linear regression of between the natural—log

transformed groundwater level and elevation with spherical model.
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Figure 18. Contour map of the groundwater level using kriging.
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Figure 19. Contour map of the groundwater level using cokriging.
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Figure 21. The nitrogen cycle(from U.S. Environmental Protection

Agency, in Nitrogen Control, Technomic Publishing, Lancaster, PA,
1994, pp.1—22).
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Figure 22. The nitrogen cycle in soil and groundwater(from U.S.

Ground- water Level

Environmental Protection Agency, in Nitrogen Control, Technomic
Publishing, Lancaster, PA, 1994, pp.1—22).
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Table 6. Supply of chemical fertilizers

(unit @ M/T)

Vear By element

Total Nitrogenous | Phosphate Potash Other
1998 4,262 2,161 1,053 1,048 -
1999 5,104 2,853 1,015 1,236 -
2000 4,113 2,077 666 672 698
2001 3,090 1,604 692 794 -
2002 3,421 1,806 743 872 -
2003 3,225 1,740 688 797 -

(data : Gimhae statistics report, 2004)
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Table 7. The main contents of livestock wastes
(unit @ %)
Type | cow | horse| pig |sheep| cow | horse| pig | sheep
Contents dung | dung | dung | dung | urine | urine | urine | urine
moisture 80.0 | 75.0 | 82.0 | 68.0 | 92.5 | 89.0 | 94.0 | 87.5
organic matter 18.0 | 23.0 | 16.0 | 29.0 | 3.0 7.0 2.5 8.0
nitrogen 0.30 | 0.55 | 0.60 | 0.60 | 1.0 1.2 | 0.50 | 1.50
phosphoric acid | 0.20 | 0.30 | 0.50 | 0.20 | 0.01 | 0.05 | 0.05 | 0.10
potassium 0.10 | 0.33 | 0.40 | 0.20 | 1.50 | 1.50 | 1.00 | 1.80
lime 0.10 | 0.23 | 0.05 | 0.02 | 0.15 | 0.02 | 0.20 | 3.0
magnesia 0.18 | 0.10 | 0.02 | 0.24 | 0.10 | 0.24 | 0.08 | 0.25
chlorine 0.01 | 0.01 | 0.01 | 0.01 | 0.10 | 0.20 | 0.10 | 0.28
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E & 4o} (nitrosoamine) ol ]38+ A o]t} (Peter O'Neill, 1996).
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Table 8. General statistic analysis of NO3—N concentrations

(unit: : mg/ L)

Statistics 2002 (year) 2003 (year) 2004 (year)
Number of data 1651 1107 409
minimum 0.00 0.00 0.00
maximum 45.70 57.00 43.40
mean 2.31 3.01 3.01
median 1.10 1.40 1.20
variance 11.09 23.54 24.76
standard deviation 3.33 4.85 4.98
skewness 3.60 4.72 3.75
kurtosis 24.55 34.79 18.78
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Figure 23. Histograms of NOs—N concentrations.
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Figure 24. Location map of sampling wells.
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Table 9. NO;—N concentrations and §"°N values of the study wells

15 15 15
Well No. ?ijLI\)I ?%S Well No. IFijLI\)I ?%S Well No. 1(\11[(;3/;\)1 ?%01\)]
GH-01| 0.08 | 7.1 [GH-23| 470 | 8.1 | GH-43| 1.10 | 13.9
GH-02 | 16.38 | 12.3 [ GH—-24 | 1.20 | 9.7 | GH-44 | 11.20 | 8.8
GH-03|10.06 | 5.2 [GH-25| 0.10 | 5.1 | GH-45| 5.60 | 11.6
GH-04 [11.27 | 12.8 | GH—-26 | 12.60 | 13.2 | GH-46 | nd n.d
GH-05 | 15.86 | 12.9 | GH—-27 | 7.80 | 12.4 | GH-47 | 0.10 | 11.4
GH-06 | 7.17 | 13.4 | GH-28 | 4.60 | 9.2 | GH-48 | 26.80 | 8.6
GH—-07 | 6.52 | 13.5 | GH—-29 | 6.40 | 10.1 | GH-49 | 4.00 | 15.1
GH-08 | 2.65 | 12.0 [ GH-30| 5.70 | 14.8 | GH-50 | 27.40 | 8.4
GH—-09 | 3.40 | 88 [GH-31| 2.10 | 7.7 |GH-51| nd | nd
GH—-10| 1.11 | 23.9 | GH-32|29.00 | 11.3 | GH-52 | 25.20 | 6.1
GH-11{11.38 | 0.4 |GH-33| 1.60 | 10.7 | GH-53 | 5.40 | 10.2
GH-12|13.11 | 9.0 |GH-34| 7.30 | 13.6 | GH-54 | 6.20 | 11.5
GH-13{18.97 | 25.9 | GH-35| 8.00 | 9.1 |GH-55| 1.40 | 13.4
GH-14 (1755 | 7.2 | GH-36 | nd nd | GH-56 |15.86 | 12.9
GH-15(12.98 | 12.2 | GH-37 | 2.00 | 8.6 | GH-57 | 2.56 | 26.9
GH-16 | 3.35 | 11.0 | GH—38 | 1.30 | 4.9 | GH-58 | 11.45 | 17.6
GH-17(26.59 | 0.3 | GH-39 | 4.10 | 8.4 | GH-59 |25.61 | —0.2
GH-19|12.70 | 2.0 | GH—40| 7.50 | 4.5 | GH-60 | 8.26 | 10.2
GH-20{16.13 | 3.0 | GH-41 | 6.10 | 22.8 | GH-61 | 3.77 | 7.7
GH-21{17.71 | 1.4 |GH-42| 3.90 | 10.1
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Table 10. General statistics of NO3-N concentration data

Statistics NO3—N (mg/L)
Number of data 59
Minimum 0.00
Maximum 29.00
Mean 8.86
Median 6.40
Variance 64.28
Standard deviation 8.02
Skewness 1.04
Kurtosis 0.25
- _
E a
f=]
=
g2} (I
=
g}
<

T T
000 10.00 E0.00 20.00

NO3-N(mg/1)

Figure 25. Histogram of NO3—N concentrations.
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Table 11. Non—contaminated wells

15 15

Well No. I(\In(jgle\)I f%ol\)l Well No. I(\In?;/ LI\)I ?%01\)1
GH-01 0.08 7.1 GH-38 1.30 4.9
GH-10 1.11 23.9 GH-43 1.10 13.9
GH-24 1.20 9.7 GH—46 n.d n.d
GH-25 0.10 5.0 GH—47 0.10 11.4
GH-33 1.60 10.7 GH-51 n.d n.d
GH-36 n.d n.d GH-55 1.40 13.4
GH-37 2.00 8.6

_62_



(¢) GH-10 (d) GH—-47

Figure 26. Map of not detected(a, b) and not contaminated(c, d)

wells.
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Table 12. Chemical fertilizer contaminated wells

15
Well No. I(\ImOgj Llj 6(5%01\)1
GH-11 11.38 0.4
GH-17 26.59 0.3
GH-19 12.70 90
GH-20 16.13 30
GH-21 17.71 1.4
GH-40 7.50 15
GH-59 25.61 —0.2

_64_



(¢c) GH—40 (d) GH-59

Figure 27. Map of chemical fertilizer contaminated area.
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3) ABHF & FAAF AT 2

YAl F ok (Kreitler, 1979). whebA A A0 557 2mg/ L o] /o]
WA 8NGOl 10501891 X HE sl - FAabu ol o3 efdow B
A3kglet. Table 139 A3t - FAd 5ol 9@ ogdor F48 AHE
S vER AT

o] AMEY AMAAAL HEFEEE 9.33mg/LolL F 6N 14.01%

2 e

Table 13. Livestock wastes or domestic sewages contaminated wells

L 15N o l;')N
Well No. ?ijLI\)I ?%0) Well No. I(\ﬁle\)I ?%0)
GH-02 16.38 12.3 GH-32 29.00 11.3
GH-04 11.27 12.8 GH-34 7.30 13.6
GH-05 15.86 12.9 GH-41 6.10 22.8
GH-06 7.17 13.4 GH—42 3.90 10.1
GH-07 6.52 13.5 GH—45 5.60 11.6
GH-08 2.65 12.0 GH-49 4.00 15.1
GH-13 18.97 25.9 GH-53 5.40 10.2
GH-15 12.98 12.2 GH-54 6.20 11.5
GH-16 3.35 11.0 GH-56 15.86 12.9
GH-26 12.60 13.2 GH-57 2.56 26.9
GH-27 7.80 12.4 GH-58 11.45 17.6
GH-29 6.40 10.1 GH-60 8.26 10.2
GH-30 5.70 14.8
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_72_



5H 3HAY
HAMA A

N J
(d) GH-13
s ™
S apajy O

EL P
E ] \V AN

5247

N\ J
N

SAAY B

=%

\ &E‘ﬂﬂg

s4x -
N J

(f) GH—-26

Figure 29. (continued).

_73_



SMAYE &
FAX Y
\\ 3AY

N—

s3x
N J
(g) GH—-27
s ™
saaly oMM
e
FAR \L
53X
N J
(h) GH—-29
s ™
P E Zgaa

FAXY \ ‘
—
vﬂm

(i) GH—-49

Figure 29. (continued).

_74_



st MM
FAAl A

N
N—

sEX
g J
(j) GH-53
4 )

& SeAlA

B ALA \

FAX Y \
\-..-lII-"’:in

N J
GH-54
s )\

3dAH

s
ZAIA A ‘V s

FAHR A

02 o 02 04 o5 08 5 Kiometers

(1) GH—56

Figure 29. (continued).

_75_



SAH

st

537

FAA A

FAX A

(m) GH-57

st

=R

s3%

—58

SdAd

sZx

(n) GH

—60

(o) GH
Figure 29. (continued).

_76_



Table 14. Estimation of livestock wastes and domestic sewages
sources
Well No. Contamination source Well No. Contamination source
GH-02 animal waste GH-32 animal waste
GH-04 domestic sewage GH-34 animal waste
GH-05 domestic sewage GH-41 animal waste
GH-06 domestic sewage GH-42 animal waste
GH-07 animal waste GH—-45 animal waste
GH-08 animal waste GH-49 domestic sewage
GH-13 domestic sewage GH-53 domestic sewage
GH-15 domestic sewage GH-54 domestic sewage
GH-16 animal waste GH-56 domestic sewage
GH-26 domestic sewage GH-57 domestic sewage
GH-27 domestic sewage GH-58 domestic sewage
GH-29 domestic sewage GH-60 domestic sewage
GH-30 animal waste
% 257) AR F Fe%e 99 edow FHHE ARe 1044e)
W, gAY @ egor FYHE AMS 154WOE 2% 40%,

60%5 A sk},
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4) "]FA (Uncertainty)

7] E3lo] wrEw §PNgo] 5~10%% A9, AAES ] A
Arg Rkt 2 FHol d9F <l 9ol EAlste e+ o
E 7 7HA o) 2] ]t o sl avE Holol BlYE Zolt
wheba] A A0 7} 2mg/L ool i A §Nghol 5~10%9% A<
v FH o2 AMA3sle], Nakanishi(1995)e] <& Raedl e AL AL
of oY FAH F4 AMAS A &SIt Table 15+ A& 9u9
NS A E A™ES JEhidd. & 1571 AReld, Hiwn
10.99mg/L o] 32 H 1 6N 8.05% = EFT].

Table 15. Uncertain wells

15 15

Well No. Ifn?gjg ?%S Well No. I(\IH?gjLI\)I f%ol\;
GH-03 10.06 5.2 GH-37 2.00 8.6
GH-09 3.40 8.8 GH-39 4.10 8.4
GH-12 13.11 9.0 GH-44 11.20 8.8
GH-14 17.55 7.2 GH-48 26.80 8.6
GH-23 4.70 8.1 GH-50 27.40 8.4
GH-28 4.60 9.2 GH-52 25.20 6.1
GH-31 2.10 7.7 GH-61 3.77 7.7
GH-35 8.00 9.0
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uncertain area.

_80_



3
A
HAAH ‘
{/ |
L
GH-35
4

ZAIAA HH zyay

QP
N——

537

.

(d) GH—44

Figure 30. (continued).

_81_



537

\
N——

FHR o
J

e N\

auny Y M4
52
, N J
N
52
J

(c) GH—14

Figure 31. Maps of domestic sewages contaminated wells in

uncertain area.

_82_



\ 3

J
- ~
s e
A4
241y /‘\/
qﬁm
N J
(e) GH-28
-~ ~
St
E
FAHXY \
V J%‘”‘"é
53X
N J

(f) GH—-37

Figure 31. (continued).

_83_



-~

sany TE adAy
FAX \\/
—
Va‘-axl
N
(h) GH—48
s

aaay O BN

2§
N—

537

(i) GH-50

Figure 31. (continued).

_84_



SAAY s

s3X
( \_
(j) GH-52

‘*’ s

st

FyTo Ay
AR &
S—EXI¥

.

(k) GH-61

Figure 31. (continued).

_85_



Table 16. Contribution of each contaminant sources for uncertain wells

Contributed contaminant sources(%)
Well No. Fertilizer Orli}/)isrg;csliic Natural Environment
GH-03 70.4 28.0 1.6 domestic
GH-09 35.0 56.6 8.3 animal
GH-12 39.6 58.2 2.2 domestic
GH-14 54.9 49.9 1.2 domestic
GH-23 43.7 51.1 5.2 domestic
GH-28 33.6 59.8 6.6 domestic
GH-31 40.8 47.9 11.3 animal
GH-35 38.2 58.2 3.6 animal
GH-37 30.8 55.0 14.1 domestic
GH-39 40.2 53.4 6.3 domestic
GH-44 40.9 56.6 2.4 animal
GH-48 44.0 55.0 1.0 domestic
GH-50 45.6 53.4 0.9 domestic
GH-52 64.1 35.2 0.7 domestic
GH-61 46.0 47.9 6.1 domestic

74 A¥, GH-039 Zt 2999 7|o&o] sheu|= 70.4%, AL
28.0%, AAEY 1.6%% 3eu|gdd & o] A AoR Uet
Uz A "o A= gtstH]Eo] o8k 9 Ho] 30.8~64.1%% JFFTHORE 7]
ostal o, 1 AHE T 44H(GH-09, GH-31, GH-35 % GH—-44)
S F4k e o] 35.0~40.9%=, 3tuES} I BFHoz 75}
3L 10418 (GH-12, GH—14, GH-23, GH—-28, GH-37, GH—39, GH—48,
GH-50, GH-52 % GH-61)2 A&alel oJd 2 %e] 47.9~59.8% 7]
gt o R vEETh
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Figure 33. Map of the surrounding GH—19.

(unit : m)

Bl o 50
B 50- 100

S 0 100 200 300 400 500 Meters
e

Figure 34. Contour map of the surrounding GH—19.
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