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Concentrations of VOCs in Groundwater Associated with
Land Uses in Ulsan Area

Uk Yun* and Byong-Wook Cho
Korea Institute of Geoscience and Mineral Resources, Daejon 305-350, Korea

Contamination of groundwater by volatile organic compounds (VOCs) was investigated for 168 groundwater
wells in Ulsan area to study the natural attenuation of organic compounds in the aquifers. As groundwater contami-
nation by VOCs is closely related to land use, 168 groundwater samples were classified into 4 different groups;
agricultural, forestry, industrial, and residential & business. From analysis 65 out of 168 groundwater samples con-
tained more than one VOC. Analysis of samples were petformed for 36 halogenated aliphatic hydrocarbons and 25
petroleum hydrocarbons set up by NAWQA of US geological survey. Twelve petroleum hydrocarbons were detected
in 26 groundwater wells, but their concentrations were less than 1.5 g/L except for MTBE. Twenty three chlori-
nated aliphatic hydrocarbons, composed of 11 methanes, 6 ethanes and 6 ethenes, were detected in 63 groundwater
samples. The range of methanes concentration was ND~330 g/L, ethanes ND~84 g/L, and PCE and their deriva-
tives ND~62 g/L. As the study area was comprised of the aerobic/denitrification zones and Fe** redox condition,
most of petroleum hydrocarbons were degraded well, while halogenated hydrocarbons were slowly biodegraded.

Key words : groundwater, land use, VOCs, biodegradation
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Sample location

o VOCs not detected
o)
. * VOCs detected i\
* City Hall a

A, )

N

A ;
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o 9 g L/
0° (] %
‘OO %' .
% gl &
v (o]

H X | 0 4 km

East Sea

T T T T T T T T T T
220000 222000 224000 226000 228000 230000 232000 234000 236000 238000 240000 242000

Fig. 1. Sampling sites for VOCs analysis. (open circle: not-detected, closed circle: detected more than one VOCs)

B2 2, pH, Eh, EC 72 FU& =47]
(SK1250MC, HM-12P TOA, CM-14P TOA)E o]&
slod AN Syt

VOCs 24 : 6571 A sl A8 gk VOCs AE 24
& ERARAREUSGS)2] FHEH7HNAWQA) =
2ol AFe F 6UNe] VOCsHE (AR WS
gslrd 35%F AREEa 2658 tde= Bk
T}k VOCs 4% 412 SR dAdar-dolM 3gst
gon, Faune WaMEM (purge and trap)zt 73|
FA2ulEad /AR HGOMSyS o83k &9
VOCs& FAldl 248 5= gl vl EPA 5242 %
of wstet.

HANEY ZA2 Ex] EFZ carbopack R
carboxen blend, purge A7 114, &%+ 30°C, #
A ZE(purge flow)> 20 ml/min. open split, B:&FA]
7k 250°C/5 min. HA]EE-E 40 mL/mine]t}. GCY
A% H¥(column)& DB-5 MS(5% Phenyl methyl
silicon gum2 ©]-&3F4 1, W73 025 mm*Z4o] 60m,

g e 025umz T&W A} A& olgsiinh
52 (carriery= FEES o18-319.0H, ZHEE (column
flow)2 1ml/ming =34t MSD Mode= 45-
300 amu= 2731301, El(electron impact) mode:=
70 eVE AHE-SI9ITt. 717184 dAl= 0.02~0.05 pg/Lol
=3

4. M7 9 E9f

4.1. X8t E2[8 54

Table 12 VOCs7} A&E 249 6571 A3l
Ao EX = wfE 4= ¥ Aslpe frolt)h F
A AJA G A BAe] =7t 80~360mel W
A=R Hetr 143 mel @3t} VOCs7t HEd 3370
A5l #4520 60%7F BBEFR, FEFEE
oF 30%, NAMEo 2 9%7t ol sl glo) RS
AEET H S85% ol4EH Itk EXLEEE v
sk, FUAGe] Aslre Y A7t 50~200
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Table 1. Details of the 65 groundwater wells detected VOCs .

H

o
o=

Land Use Sample No. Well Depth ~ Water Use Land Use Sample No. Well Depth  Water Use
81014 210 Drink 82096 50 Domestic
82033 100 Domestic 82054 150 Industrial
83016 120 Drink 83057 60 Washwash
83004 120 Drink 83065 50 Domestic
81013 150 Drink 82057 120 Domestic
80020 180 Domestic 83058 50 Domestic
82018 100 Domestic 82099 50 Domestic
82078 180 Domestic 82055 150 Industrial
82074 80 Domestic 82053 100 Domestic
80013 126 Drink Industrial 82060 120 Industrial
80037 120 Domestic 82101 50 Domestic
80001 100 Drink 82059 200 Domestic
81021 100 Carwash 82083 200 Industrial
80003 200 Domestic 82082 200 Industrial
82071 100 Domestic 82061 100 Domestic

o 80031 100 Domestic 82098 50 Domestic

Residential & g1012 100 Domestic 83064 50 Domestic
80004 200 Domestic 82052 100 Domestic
80017 100 Domestic 82058 200 Domestic
81005 150 Domestic 82047 100 Carwash
80021 200 Domestic 83018 120 Domestic
81010 120 Domestic 81007 150 Domestic
80006 205 Domestic 83006 150 Drink
81015 115 Drink Forestry 83017 50 Domestic
81022 120 Carwash 83022 50 Domestic
80005 360 Drink 81008 200 Domestic
80014 100 Domestic 82026 122 Domestic
82072 180 Domestic 80008 150 Drink
80002 150 Drink 83001 130 Drink
80011 150 Drink . 82048 60 Drink

Agricultural .

81023 100 Carwash 80023 180 Drink
82027 100 Domestic 80009 160 Drink
81006 200 Domestic

melH, VOCs7t 428 1871 sk #4F 78%2
109] A7t gz 2o, FHErEE
22 %% o]8=5 3 Stk FHAHelM VOCs7t HEH
viY Al AFL HAxrt 60~180 mEA Had 133
melH, 47} EF7F S8R ol §FHY Qitt A
X VOCs7t AEE 8l A3l #AL 50~200 m
24 % 60%e AEErE UnRAe S8 2 AR
o2 AMHT Lt

VOCs7t A&4 6571 #49] EXE=E A3l
EAEFg 2) Vashd, A4 - ARG A 52
2 159~21.7°C(W# :17.8), pHE 4.6~78(H+ :
6.72] WS, EC= 116~31,340 uS/em@@ & : 1,513

pSem)e] HHAZ M L 7S, Ehe -56~520
mVEH 1164 mV), 4340D0) 32 0~7.3 mgll
@ :323mg/L)E AlEREE & 2|2 Helt) T
Aol AL £ 163~22.9°CEHA 1 18.0)= 7FF
52 3d 528, pHE 5982 :7.0)2) MR
7V =8 7S, EGE 109~831 uS/em@ 4 : 427 uS/
cm), EhE -65~516 mV(H & :149mV), &F44
(DO) 3 2.7~10.1 mgLGE# : 65 mg/LYS Heloh
AR G| A 2L 16.1~185°CEHE : 17.2°0)%
7P e e BolH, pHe 58~73FF :64)9]
HNE, ECE 100~476 uS/cmCi< : 335 uS/em)=. 7}
A e ke Ehe 166~234 mVEE+ 211 mV), &



E:
£

Exolge] mE 349 Askpe] VOCs & 617

24 9
7 [ ]
22 8 H
%) 20 7 A
< T
o b =}
E 18 6 -
® ]
16 5 -
14 T T T T 4 T T T T
® ® = 2 = = w oy
g =] 5 2 T = k] 2
g 3 35 3 g 3 3 ¢
G 2 2 S 3 2 2 5
© - & L o} = =) w
14 < [+4 <
1 600
1 * | » .
10000 ~ 400
€ s
o £ 200 4
i”; 1000 <
) ]
LLl 0 -
100 1
. T T T T -200 T T T T
g s E 2 s g [ 2
= = E 2 = = 5 2
g a = g s 2 £ g
® 'g Q0 S ‘® 'g 0 S
] = Y w @ = Y s
14 < 14 <
12
S Outlier
3 8 T
>
E .
o]
o 4 - First Quartile
Median
J Third Quartile
0

T
Py
2
173
2
(<]
i

Residential -4
Industrial —
Agricultural -

Fig. 2. Boxplots showing physical properties of the 65 groundwaters associated with the land use zones.

&Z.:(DO) e 24~73 mgLEBT ;4.6 mgl), 5 (B :335uScm), Ehe 166~234 mV(E & :211
Ao} AE- 22 15.8~17. 0°C(ﬂﬂ& :165°C), pHE  mV), &F34D0) #L 24~73mgLEH T :463
58~73(Bd :6.4)2 HHE, EC= 100~476 uS/cm  mg/L)S YERNE 2Ath(Table 2).
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Table 2. Physical properties for the 65 groundwater samples containing organic hydrocarbons.

Sample T EC Eh D T
Land Use Nol.) oy P2 usiem) mv) (mg(/)L) Land Use Sa;r:sle ccy PH (usE/Sm) (n]?\l’) (n]l)g(/)L)
81014 189 65 303 190 49 82096 18 82 159 179 101
82033 217 72 803 103 42 82054 18.1 59 831 230 74
83016 168 7.0 363 218 4.4 83057 166 74 416  -54 34
83004 161 7.6 286 326 2.8 83065 20.7 136 516 82
81013 163 58 378 137 49 82057 165 64 228 219 75
80020 159 46 116 259 64 83058 228 69 109 98 40
82018 173 77 1007 520 16 82099 187 79 353 22 11
82078 172 75 783 161 58 82055 167 62 280 192 78
82074 179 72 466 90 13 82053 20 66 524 245 82
80013 17.1 68 711 186 22  Industial 82060 179 7. 664 144 52
80037 164 7.1 684 179 24 82101 187 74 575 9 98
80001 201 69 761 56 09 82059 183 67 367 128 66
81021 164 68 678 149 23 82083 169 74 428 65 66
80003 192 74 785 28 00 82082 169 81 379 9 40
82071 176 67 850 208 73 82061 169 70 742 137 81
S 80031 179 74 323 152 18 82098 178 65 610 261 55
Re;‘f;’:}g‘s’;& 81012 166 78 409 181 09 83064 179 65 386 65 27
80004 172 64 285 187 59 82052 163 66 662 230 65
80017 178 7.1 671 209 70 82058 167 65 256 27 49
81005 182 55 791 213 45 82047 166 68 436 27 28
80021 175 65 768 176 1. 83018 176 67 354 25 37
81010 181 62 664 56 42 81007 173 58 361 175 52
80006 168 64 450 3 0l 83006 185 7.7 334 219 17
81015 193 59 316 216 46  Foresry 83017 178 75 263 97 48
81022 214 62 408 166 06 83022 161 76 291 98 82
80005 192 7.5 488 69 34 81008 178 61 139 197 36
80014 172 58 136 251 67 82026 164 75 957 192 27
82072 169 7.1 31340 35 37 80008 17 66 589 60 04
80002 175 68 917 124 04 83001 169 59 352 210 24
80011 178 65 521 200 22 , 82048 158 65 413 234 13
81023 181 59 702 205 3.0 A‘fﬁ;‘lﬂ‘ 80023 17 58 100 234 62
82027 167 73 1003 104 06 80009 164 73 476 166 24
81006 17.6 58 750 240 17
42 EX|2cY X5l |/7|8EE & H FEAEL 1809 Al vl A sigolA 7]

6571 A&l AR AZE VOCs AR = 61
N BAEE FolA F 357 AR ElH=H
(Table 3), @=AAW=Ers}2~(Halogenated Aliphatic
Hydrocarbons)’} 237 A%, A-fet3l4(Petroleum
hydrocarbon)7} 127 “d&0] HEHU o™ A7
EXLE et A ApeldS Btk A -4
AL 857l At B T 330 A sHrollA ’i'ME
WE olde] VOC7t AZE=lo] 289%2 HEEE
03, FHARL 42719 AskpFellA 1971 Xhﬂ’l‘
oM AEE] 452%2) E& 2E9S RHolx Yok W

Z250] 222%9) AL Holx, AL 2P
PR} Astrol ] AEEO 39.1%0] HEES BT
(Fig. 1).

42.1. 5YAL
FHAGY Ak ;qg 190 471 F4e] Asls
011*1 A&" VOCsE AR ISR 40 Sols
BEshie 2 EEEEEOM 02~11pgLe] we
%E Bt 8l HArt,
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FIg. 3. VOCs concentrations in the groundwaters of the study area. (A) halocarbons; (B) disinfection byproducts; (C)

petroleum hydrocarbons; (D) total VOCs.
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Table 5. Interpretation of ponts awarded during screening.
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Total points

Interpretation

0-5
6-14
15-20
>20

Inadequate evidence for biodegradation of chlorinated organics
Limited evidence for biodegradation of chlorinated organics
Adequate evidence for biodegradation of chlorinated organics
Strong evidence for the biodegradation of chlorinated organics
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(Wiedemeier, TH., and Chapelle, FH., 1998).
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