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Relation of Groundwater Quality to Land Use on Ulsan Urban area
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216 groundwater samples for inorganic constituents and 168 samples for VOCs in the Ulsan urban
ares and analyzed to relate groundwater chemistry to four land use zones, residence - commercial,
industrial, agricultural, and forestry. In general, Na and Cl concentrations in groundwater were high
in residence - commercial zone near Taehwa river due to residual saline. Although NO; contents is
high in agricultural zone and VOCs content is high in industrial zone, it seems difficult to relate groundwater
pollution to land use zone. Even though groundwater pollution of the area is still low, continuous monitoring
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ABSTRACT

is necessary because the city is expanding.
Key words groundwater, concentration, land use, VOCs
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Fig. 1 Map showing groundwater sampling sites.
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(TOA pH meter (HM-12P), TOA EC meter (CM-
14P), SK1250MC) 5-& ZAslgla, 248 AE:
0.45 um H Bl B = o 3fsto] Y FskATt. AT
Az FolA FolZ BAE ABR=4C olstz YA =2
IR, FolZ 48 A== FFlA pH 2 o5tz
A Atk #4E a8 352 K Na, Ca, Mg,
SiO,, Cl, SO, F, NOs, Br 50]3l1L, o5 A& thgt
shelEae GEA A LAY BARA o]2ol3
o, URZFEA7](Perkin Elmer 5100), =23
2}=0}(Jobin Yvon 38) W o] 23 20}E I (Dionex
300)E ol &3ttt A} Bro] AEtk= 42 0.1 mg/L
£}0.08 mg/Le]tKTable 1).

A7A o Mal4e] VOCs gk Tietaly] o)A
= i SAEAE A2 AFHE 2167 FollA] 168
25 AAsHATE VOCs A& #42 nlg A d 2 Ak
(USGS)2] NAWQA =2 T304 A3t 607} VOCs
FEIFS wekeh 2557 FRAXYEkRL

35%)7 MTBE 1£& tiAlo 2 3t} VOCse] £4
2 A AL AT Lo A st on, B
HANERH(purge and trap)T} 7|A| A2 0LE 1]/
AHFEAH(GC/MS)S o]gste] E2 VOCsE B4
of B4 4= 9l vl EPA 524.2 ¥ ol msithUS
EPA, 1992).
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Table 1 Mean, median, and range of physicochemical data by land use.

Residential / Business Industrial
Unit Min. Max. Mean Median Unit Min. Max. Mean Median
pH 4.6 8.44 6.92 7.03 pH 5.87 8.57 7.09 7.04
EC (sfcm 116 31360 1781 656 EC (s/cm 109 21200 1218 428
Eh mV -192 589 138 149.5 Eh mV -115 516 113.6 132
DO mg/¢ 0 8.7 2.92 2.82 DO mg/{ 0.5 10.1 5.60 5.8
T °C 13.6 244 18.0 17.5 T °C 15.9 23.8 17.82 17.3
K mg/{ 0.48 164 9.12 2.45 K mg/{ 0.29 9.41 2.7 2.08
Na mg/{ 9.02 5900 240.3 41.5 Na mg/{ 5.23 705 64.72 29.3
Ca mg/{ 3.47 1650 71.69 44.85 Ca mg/{ 0.48 157 33.59 29.9
Mg mg/¢ 1.19 1010 50.74 18.0 Mg mg/{ 041 433 10.35 6.38
SiO; mg/{ 6.42 89.2 31.75 28.2 SiO; mg/¢ 34 81.5 25.62 22.7
Al mg/{ 0 0.09 0.001 0 Al mg/{ 0 0.03 0.003 0
F mg/¢ 0 3.88 0.250 0.09 F mg/{ 0 14 0.179 0.08
Cl mg/{ 5.05 11300 479.7 50.2 Cl mg/¢ 4.99 524 56.69 36.2
Br mg/{ 0 48 1.8 0.055 Br mg/{ 0 2.61 0.283 0.12
NO; mg/¢ 0 101 13.48 5.12 NOs mg/{ 0 48.9 6.43 22
S04 mg/¢ 0.05 765 52.59 28.4 SO, mg/{ 041 221 34.63 23.6
TDS mg/¢ 96 21970 1213.8 394 TDS mg/{ 77 1940 360.1 262
HCO; mg/¢ 21.6 1310 260.7 211 HCO; mg/t 35.08 902.8 192.8 139
Li mg/{ 0 10 0.222 0.06 Li mg/{ 0 0.24 0.049 0.04
Sr mg/{ 0 163 2.881 0.42 Sr mg/{ 0 1.38 0.279 0.17
Fe mg/¢ 0 24.8 1.288 0.03 Fe mg/{ 0 4.57 0.443 0.02
Mn mg/{ 0 9.6 0.353 0.01 Mn mg/{ 0 0.54 0.06 0.01
Cu mg/¢ 0 0.04 0.003 0 Cu mg/{ 0 0.05 0.004 0
Pb mg/{ 0 0.25 0.009 0 Pb mg/{ 0 0.26 0.013 0
Zn mg/{ 0 75 0.287 0.04 Zn mg/{ 0 4.25 0.689 0.07
As mg/l 0 0.056 0.012 0.007 As mg/{ 0 0.019 0.004 0.002
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Table 1 Continued.

Agriculture Forestry
Unit Min. Max. Mean Median Unit Min. Max. Mean Median
pH 5.82 7.95 7.00 7.23 pH 5.45 8.19 7.09 7.15
EC /s /cm 100 334 414.9 432.5 EC /s/cm 137.2 957 369.0 323
Eh mV 47 516 197.6 196 Eh mV -55 690 158.1 175
DO mg/l 0.16 13.6 4.19 3.09 DO mg/{ 0.08 8.23 3.46 3.32
T °C 9.4 20 16.04 16.2 T °C 14.4 222 17.3 17
K mg/{ 0.36 33.7 4.11 1.46 K mg/{ 0.48 6.36 1.72 1.35
Na mg/{ 8.42 78.7 27.99 21.8 Na mg/{ 6.68 82.7 24.1 19.5
Ca mg/l 4.11 71 32.17 25.75 Ca mg/{ 4.18 98.6 33.73 26.1
Mg mg/{ 1.81 64.3 14.8 9.92 Mg mg/{ 1.28 38.3 11.48 6.85
SiO, mg/l 13.9 65.2 30.27 26.2 SiO» mg/{ 1.91 64.6 30.79 30
Al mg/l 0 0.03 0.004 0 Al mg/l 0 0 0 0
F mg/l 0.01 1.72 0.202 0.075 F mg/{ 0.03 2.66 0.220 0.080
Cl mg/{ 5.89 86.5 25.12 18.0 Cl mg/{ 7.33 140 25.81 18.2
Br mg/l 0 0.25 0.019 0 Br mg/{ 0 0.12 0.01 0
NOs mg/{ 0 98.5 26.21 12.35 NOs mg/{ 0 82 9.89 2.76
SO, mg/{ 0.97 201 35.19 17.55 SO, mg/{ 3.52 153 25.7 19.1
TDS mg/{ 74 614 286.4 270 TDS mg/l 120 836 258.3 224
HCOs mg/t 21.6 282.1 148.5 159.1 HCOs mg/¢ 27.8 411 150.6 117
Li mg/l 0 0.29 0.045 0.025 Li mg/l 0 0.27 0.047 0.03
Sr mg/{ 0 1.35 0.267 0.07 Sr mg/{ 0 3.8 0.430 0.14
Fe mg/l 0 0.56 0.043 0.017 Fe mg/{ 0 3.01 0.162 0.02
Mn mg/l 0 0.18 0.018 0 Mn mg/l 0 0.33 0.028 0
Cu mg/{ 0 0.03 0.005 0 Cu mg/{ 0 0.02 0.003 0
Pb mg/l 0 0 0 0 Pb mg/{ 0 0 0 0
Zn mg/l 0 1 0.087 0.02 Zn mg/l 0 2.5 0.262 0.05
As mg/l 0 0.063 0.012 0.004 As mg/{ 0 0.072 0.020 0.004
4.2 EANO|gH ABIf SEYON £

9] L HL FFE LA, 7FE Fa% 912 A® oF
A F7, 5%, 37| Y Ao|cH(Eckhardt et al., 1995).
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Zn, As 59] 4484 0] 0|20} ch. Table 1-& EX|0]
g9 7+ g Bo) Ferol gt BARA ATjol).

WA Exo] 88 a0l JFE Tty gatel A
NAEES] G vlAE SR ol L5 FolA d
o} @A} Q= o] £57} 1 9] o) alo] 2tz
o) el e AmmotthFig, 3). 1 AT 77 - A
A7} ZAA oML A7) AEES} Eold4S Nagh
Clo] ek 3t Ao a o A% v, ST A

Qoxo v
== -

=



Legend
] Residential & commercial
B Industrial
[ Forestry

[ Agricultural

5 Kilometers

Fig. 2 Land use map of the study area.
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Fig. 3 Relation in EC vs. ion contents of groundwater of each land use zones.
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A EX SR @S BEl, W HEES A9
3 pH, Eh, DO, T 5-& 7t EXS-= Alo]o]) & Ffo]7} ¢}
o} 27 - ARG HIHEE S7HEE 656 1S/cm
2, 2U7/219] 428 uS/cm, X124 2] 433 S /cm, A
GA)ele] 323 pS/emurt &t} o) F7 - A
o] STLES} W) whEeld), ealdTt S o] Thi
e 17 sjge] G 2laia] A7 AR} )
(28 9], 2003). 8)4-2] FET H A WA Y
Na, Cl, Br 5:2] § 94| sfaier} e 27 - 4
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o, ol= FAAHAA Y At w4, vl A2 59 5
o &5l 71%lste e} HdE-
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(Ca, Na)-HCOs, %533} AF %] &2 Ca-HCOs&0] $-
IS LR, 2 Fol flrh(elet 9, 2008). 5
A - AR o) A5 4 FeEh Sheet Bt &
e o] Asis $39) Ca-Clgo] 7he Fejs 2
ol AL, 7o) Bagiel daro = BerE (Y
< 9],2003).

AubH o R Hobx A7A o Xshee] 8L A7
ol ] T o] ofs) ke wton], EXSE
Al 5718 e 7t 2 Fjol7} 8L BT,
wheby ob7b ATA Hskee] AL BB

T2 2ol AstA M HA| FUES A7
4.3 EAO|gE APIR9 VOCs AU

371 3FeHE(Volatile organic compounds;
VOCs)2 214 g stollrl= Zlskeolld dEd <= §
o} mreby Aol VOCs7H AEsw 2] ot
Ao R & 4= lo(Trojan et al., 2003). A7Z] oA
VOCs7} 2418 X|5)4: Al gt 2ut 4o0] 248 216
N AR FoIH & 1687) AHE Aehergon] Baw
VOCGs &= 61710t 48 A3k A7 FoflA]
17 A2 olde] VOCs7h A Alra= 787124,

AA| A= 46.4%°) sFEt HEH VOCs+= 4271
AEoz2A, FFEE3rTE ZAYE 257 A7 5
147Y, A2AAGZHS} A7) 357 A& F 2770, 1
231 o | 2o &3k= MTBEO|tH(ZH <L €], 2005).

AREA 0 2 Hopx| AR Aslo| A HEH VOCs
AEEY s s W2 32 2Rt &, VOCs7h
&9 7870 A9 & VOCs &&= 0.1 pg/LojlAl
387.1 ng/L2] M= Ko, 787 A A R2] 84.6%
of sgsh= 667 A= & VOCs 2] gego] 10 ug/L
ol3tZ Uehtal §loe, 50 ug/Le de AlEe A
9] 3.8%91 37} A2l B3t}

EZo]-§H VOCs AZE i 3dAGollA 2674
(F2AALTSE3eA 18, YFSHIIeA 7, oH 2)
2 7P gk g o2 A - AR G4 224E,
AFA ol A 14748, TR GAA 2482 eAlolth
(Table 2). 45 x5} Al 27} PR Go] 22742 =
A - AhAGY AR Z2u= Esta HEE
VOCs =47} o W2 A2 E7|% qhsitt. Table 3
2 EXol§HE VOCs7} A& A8l A&, Bt
A& AE 289 7158 AFES vehd Aotk
Table 30]|4] Xi= v} ZHo] EX|-§-= X|5}4=¢] VOCs

AEET} BF VOCs JE4 52 2 Aolg HolA:

Table 2 Summary of detections for VOCs, by land use.

Land use Samples Detections ~ Chemicals detected
. 16 Halogenated aliphatic hydrocarbons
gemdence./ 1 85 22 5 Aromatic hydrocarbons
ommercia | MTBE
16 Halogenated aliphatic hydrocarbons
Industrial 42 26 7 Aromatic hydrocarbons
1 MTBE
Agricutural 18 2 2 Halogenated aliphatic Hydrocarbons
11 Halogenated aliphatic hydrocarbons
Forestry 23 4 2 Aromatic hydrocarbons
1 MTBE

Table 3 Detection and excess rate of VOCs in the 168 groundwater according to land use zones.

Land use No. No. of detection (%) Average no. of detected VOCs No. of excess (%)
Residence/Commercial 85 37 (42.4) 1.47 1(1.2)
Industrial 42 25 (59.5) 3.19 4(9.5)
Agricultural 18 7 (38.9) 0.89 0(0.0)
Forestry 23 9 (39.1) 1.22 144)
Total 168 78 (46.4) 1.80 6 (3.6)
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2oL}, FARA AN HEE 59.5%, B+t A& 4319
M= 7 A WehdaL )l 21671 A|skrof tigt o
HF 5B Aol EXolg ol Faid BAS B
o F=A] 3t Rbd e, 1687 A|5k=9] VOCs &4 dto]|
A= EXolge] @ VOCs 2¥2 & HojF=a Qi
EX] o] g0 wE R5k=2] Fr1Ed o= Aol Anlst
L}, VOGs9] AEEY gdole & Aot Sl A2 %
A Aol 2ARIAE S BF THHFA 9,
2002). S8 712X 2 2l B45 16870 Al&22] 3.6%
of iFsh= 671 A= VOCs o] 28715 4
slsta Ql=tl, 671 5 4707F SFA Foll &7 &
7|1EAE AA3she VOCs AR5 Atgateart 57,
TCE, 1,1-DCE, Chloroform®] Z}z+ 17)0]1, 17] A=
A= Argseta, TCE, 1,1-DCE7} =5 7|25 A 2l8t
Kk

ARG AAE L B, oFZ7H2] VOCsof| &gt
Aok L P2 T Wt =ES ofta B 5= 9l
L, A 9E =X Al A E T Q17) gzl Al
&2jo] o] o H EXo|gEE B FAA Y
olA VOCso] A& Ai7t 7H 81, AEE0 =8
T 7|82 A48 E0] 7HE = A vEhaL Sl

5. 8B

2R 3iee] S8 B4 setsy] $stol

T, ET, W, BT 4T 216709 vk AR

3} 1687}9] VOCs 40| o]gojgom, ol %7 -

A, FAAY, FUA S, A0 TH L]

S0l 48 Aal4e] 4 BAE AT,
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