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Groundwater Quality and Contamination Characteristics Associated
with Land Use in Ulsan Area

Byeong Dae Lee* + Uk Yun * Ig Hwan Sung
Korea Institute of Geoscience and Mineral Resources (KIGAM)

ABSTRACT

The groundwater chemistry is heavily influenced by land use. This study has investigated the groundwater quality and
contamination characteristic associated with land use. Contamination index (C,) was estimated for evaluating and areal
distribution of groundwater contamination degree. Groundwater samples collected from 216 locations in the study area
show great variability in chemical composition. Electrical conductance ranges from 100 to 31,360 pS/cm. The pH values
are between 4.6 (acidic) and 8.57 (weak alkaline). The water types predominantly represent the Ca-HCOj; and Ca-Na-
HCO; types, whereas, in the residential and business areas, the water type is shifted to (Na, Ca)-Cl type with rich
concentration of Cl. The C4values of the study area range from 1.1 to 117.6 with a mean of 9.56.
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Fig. 1. Geological map of the study area.
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Table 1. Field measurement and laboratory analysis data

E % 4YR

Residential / Business Industrial
Unit Min. Max. Mean Median Min. Max. Mean Median
pH 4.6 8.44 6.923 7.025 5.87 8.57 7.094 7.04
EC Hs/cm 116 31360 1780.5 656 109 21200 1217.6 428
Eh mV -192 589 138.1 149.5 -115 516 113.6 132
DO ppm 0 8.7 2919 2.815 0.5 10.1 5.596 58
T °C 13.6 244 17.98 17.5 15.9 23.8 17.82 173
K mg/L 048 164 9.123 245 0.29 941 2.7 2.08
Na mg/L 9.02 5900 240.254 41.5 523 705 64.719 29.3
Ca mg/L 347 1650 71.693 44.85 0.48 157 33.589 29.9
Mg mg/L 1.19 1010 50.743 18 041 433 10.35 6.38
SiO, mg/L 6.42 89.2 31.75 28.2 34 81.5 25.62 22.7
Al mg/L 0 0.09 0.000833 0 0 0.03 0.003 0
F mg/L 0 3.88 0.2501 0.09 0 14 0.179 0.08
Cl mg/L 5.05 11300 479.737 50.2 499 524 56.69 36.2
Br mg/L 0 48 1.8 0.055 0 2.61 0.283 0.12
NO; mg/L 0 101 13.48 5.12 0 48.9 6.426 22
SO, mg/L 0.05 765 52.586 284 041 221 34.631 23.6
TDS mg/L 96 21970 1213.75 394 77 1940 360.07 262
HCO; mg/L 21.6 1310 260.66 211 35.08 902.8 192.8 139
Li mg/L 0 10 0.222 0.06 0 0.24 0.0488 0.04
Sr mg/L 0 163 2.881 0.42 0 1.38 0.2793 0.17
Fe mg/L 0 24.8 1.288 0.03 0 4.57 0.4426 0.02
Mn mg/L 0 9.6 0.3526 0.01 0 0.54 0.06 0.01
Cu mg/L 0 0.04 0.00314 0 0 0.05 0.0044 0
Pb mg/L 0 0.25 0.00886 0 0 0.26 0.0128 0
Zn mg/L 0 75 0.2866 0.04 0 425 0.6893 0.07
As mg/L 0 0.056 0.01233 0.007 0 0.019 0.00365 0.002
Agriculture Forestry
Unit Min. Max. Mean Median Min. Max. Mean Median
pH 5.82 7.95 7.002 7225 545 8.19 7.089 7.15
EC ps/cm 100 884 414.9 432.5 137.2 957 368.98 323
Eh mV 47 516 197.6 196 -55 690 158.1 175
DO ppm 0.16 13.6 4.1908 3.09 0.08 823 3457 332
T °C 94 20 16.04 16.2 14.4 222 173 17
K mg/L 0.36 33.7 4.11 1.455 0.48 6.36 1.722 1.35
Na mg/L 8.42 78.7 27.99 21.8 6.68 82.7 24.1 19.5
Ca mg/L 4.11 71 32.17 25.75 4.18 98.6 33.73 26.1
Mg mg/L 1.81 64.3 14.8 9915 1.28 383 11.48 6.85
SiO, mg/L 139 65.2 30.27 26.2 1.91 64.6 30.79 30
Al mg/L 0 0.03 0.0037 0 0 0 0 0
F mg/L 0.01 1.72 0.2021 0.075 0.03 2.66 0.2186 0.08
Cl mg/L 5.89 86.5 25.12 18 7.33 140 25.81 18.2
Br mg/L 0 0.25 0.0187 0 0 0.12 0.01 0
NO; mg/L 0 98.5 26.21 12.35 0 82 9.858 2.76
SO, mg/L 0.97 201 35.185 17.55 3.52 153 257 19.1
TDS mg/L 74 614 286.38 270 120 836 25829 224
HCO; mg/L 21.6 282.1 148.52 159.05 27.8 411 150.57 117
Li mg/L 0 0.29 0.0446 0.025 0 027 0.0474 0.03
Sr mg/L 0 1.35 0.2667 0.07 0 38 0.4303 0.14
Fe mg/L 0 0.56 0.0431 0.017 0 3.01 0.1624 0,02
Mn mg/L 0 0.18 0.0183 0 0 0.33 0.0276 0
Cu mg/L 0 0.03 0.005 0 0 0.02 0.00273 0
Pb mg/L 0 0 0 0 0 0 0 0
Zn mg/L 0 1 0.0867 0.02 0 2.5 0.2621 0.05
As mg/L 0 0.063 0.01222 0.004 0 0.072 0.0198 0.0035
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A3l F9 NOs= A7 A ejA|oke] whgelr 719
sPETE 3 MES, g, Sitds, 444 b
F B fEh FALZGRGAMY L EAHES
AR WY, olEWA|, B8R, FiA, S, W)
FHAK, AR T 5 AT bl AR 290] A
243} Folt), FAAGL 0489 mg/LETEE: 6.43 mg/L)
9] H9E Holn FAVEXE 2l AL ViLkE
A T g S 2L AL A digk Ayt &
Hi Qe Aoz Aot HPRGL 0-98.5 me/L(H
Tk 2621 mg/L)e] HMHE FAAYAY th0E NO,
7b & e Holx e ol EXERA FHAIG
A HiEEs 29, dad vlge] g3l 71018 A
o= gt

4.3. VOCs &2

ArA Gl vOCsol 23 odv AEE A7 2H
2 5(2005), 437 2220040 o8] BuEnt glo
B2 o] =Foe d7AGY EXLEEE VOCs 72
Z Al A VIssidt. Q7RG Rske Algdl
A Aole 1R ol voort AEE AR FAL
ARG 337 AHE%)PlA, FIAAGS 1971 A
(42%)e1M AZE] FALIEAGT FAAGL VOCs=
Bo] 2450 Aot FRAFL M A-H1T%PIA, =
AZAFL ) AH25%PIA AEHJT. HEd e
VOCs 617]2] 435 FollA] & 357] AdEo] FR1=A
o, oz TUZAAYEESA (Halogenated Aliphatic
Hydrocarbons)7} 2370 A&, A/e8}4(Petroleum
Hydrocarbon)’} 127} d&0] A&t

FAPIBAG L 16 AR S2ALER3)RA, 54
o] HRkERslA T8al 1 AR dEE F 248
9] ket ARo] ASH. dRANMEEI G AE 7
AEe] veAgsl EgFe2EFoavg, dgias
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Fig. 5. Piper diagram of groundwater samples associated with land use.
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hfled], ol A9 EXALE- o]Hd
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Aoz yHEch. WA OE TDSE Hee) W, X35
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Z7} S w2 254 23l Z715tHAppele and
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Fig. 6. Relationship between TDS and each composition of the groundwater associated with land use.
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Table 2. Contamination index in the study area
1 grade
ID. NO. Cq ID. NO. Cy ID. NO. Cq
80003 1.1 82024 1.7 82069 4.1
80004 1.2 82047 1.6 82022 5.5
80007 1.4 83009 1.8 80013 5.1
80036 12 83061 1.4 80015 52
82002 1.3 80026 2.0 80038 5.1
82017 1.5 80002 2.1 83001 5.6
82065 1.7 83004 22 80006 9.5
82066 14 80020 2.1 80035 6.7
82074 1.9 81001 2.1 83065 6.9
82078 1.6 81006 25 83041 8.6
82084 1.9 81014 2.6 83031 7.0
83016 1.0 81021 2.5
82038 14 80032 29 2 grade
80021 2.0 83027 2.1 ID. NO. Cqy
80024 14 82050 24 80034 12.8
80027 1.4 82103 23 82067 13.8
81002 11 80008 2.7 82082 16.5
81005 2.0 81007 2.8 82043 11.0
81012 1.6 82064 3.0 80001 25.7
81023 2.0 80028 3.8 82080 27.1
81013 1.2 83002 31 3 grade
83003 1.4 83038 3.1 ID. NO. Cd
81019 1.1 80017 3.6 82070 353
82053 1.3 83055 3.6 81018 45.6
82049 1.4 83060 34 81020 49.7
83057 1.0 80011 44 4 grade
83021 1.3 82106 44 ID. NO. Cq
82048 12 82036 42 80033 96.5
80009 1.5 81027 4.1 82072 80.2
81016 1.7 82083 4.1 82075 52.1
83054 1.3 82091 4.1 82076 72.5
80040 1.1 83039 49 82081 117.6
83018 1.1 82104 44

AHECl A FFgez ZI1ETh Yol Fiegniel 7o)
Skt Hela glE AdE el BA18) o)A Elslg
FRo] AT A= AR A QREE ol A
A e FTIBAES, H5, 98y 371, Bag
T HEdE 5oE As 2aHe] 9

45 ¥+ ME 9 HE

L BA9*(Contamination index; Cg) AHES 98] He
=, YL, THEF, TUE59 £5 £vEA9)
TAEY ARE ol83GTh WA FRAEXNIYE FojA]
TAZIEA BAEo} S AL AL F, CL Br,
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Fig. 8. Groundwater contamination index map in the study area.

NO;, SO, Fe, Mn, Cu, Pb, Zn, As, TCE, TCA,
PCE 3olt}. T RS e &4 71271 ¢
7] Wi @) A3 S5 AR wE RS
tafrRt Q HRFE AHE3HTH(Table 2).

FALIAAGY] A= F 1) A- tis) 3 %
A 7R AE7A 71EXE 238k 5770 A&l o)
g LAATE A=A, FPAYGL F 4574 s
A7) A, 5IQAYGL 2478 2™ disiA 1270 X
A, SAAGL F 36719 =H ol qﬁsﬂ?ﬂ 1708] = -]
sy Zzte] 2 9AFE A& e EXen
H AR dis] LARGE S e AdRd F4/
FdAe] 0.51, FHAH0] 0.24, FGAGo] 0.50, &3]
AHo] 031010}, YoM AFS ule} o] FA AR
A} FGAHE NO;, Fe 5ol 23t Fgkoz 93k o4
A AEHEe] AY =4 JeldTh A8 28R4
HYE 1.1~117.62F HHE 95608 A&HPct =2
ZIEXS} BXAF 28 Y 9 2 29X 18 7]
o8 B AAXFHH), A4 g A=} oul
ol Tk AT 5 Yok |

Fig. 82 A8 QLEATE 4942 ol =A%
agolt). 194 LEAGE 1904 10744, 281 10~
30, 39AI= 30~50, 42AI= 50 oA 2 AMEIIAT) 1
@AY Bxe SARAGS ALg A7AY AGd) A4
Al BEFE o) 2 A, A91F 8915 93 o4
o] YT Y-S & 5 Utk 2 9 2814 4|
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