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ABSTRACT: VOCs were detected in the 21 groundwaters out of 37 groundwaters sampled from
around the Hanam Industrial Complex and the Gwangju stream. Ten components of chlorinated
aliphatic hydrocarbons of VOCs were detected in the 18 groundwater samples. Among them, total
trihalomethanes (TTHM) concentration is in the range of 0.1~36.2 ug/L, CFCs concentration is 2.3~
190 pg/L, and chlorinated solvents concentration containing PCE, TCE, etc. is 0.1~124.2 ng/L
respectively. Ten components of the aromatic hydrocarbons of VOCs were detected in the 5
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but their concentration are less than 1 ug/L. Detection frequency and

concentration of the chlorinated aliphatic hydrocarbons components from the groundwaters in the
Hanam Industrial Complex are higher than those of nearby downtown Gwangju stream. VOCs
components except for TCE are lower than the MCL of USGS drinking water standard. TCE
concentration of the 2 groundwater samples is over MCL, whose concentrations are 5 and 25 times
higher than MCL, respectively. TCE is detected from the H8 and H10 groundwater samples and
CFCs is detected H8 and H1l groundwater samples in the Hanam Industrial Complex. TTHM in
study area is estimated from leakage of the main waters or sewage waters. Because most of the
studied groundwater is under an aerobic condition, aromatic hydrocarbons are well degraded. But
chlorinated aliphatic hydrocarbons are degraded very slowly.
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Fig. 1. Sampling sites for the chemical analysis in the study area
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Table 1. Details of the 21 boreholes detected VOCs
Well
Area Sample No. Depth Water Use Land Use
(meter)
H1 20 Domestic Residential
H2 30 Domestic Residential
H3 30 Industrial Factory
H4 30 Domestic Gas Station
Hanam H5 40 Domestic Garage
Industrial Hb6 40 Domestic Residential
Complex H7 10 Domestic Residential
HS8 100 Industrial Electronic Factory
H9 100 Industrial Electric Cell Factory
H10 100 Industrial Electronic Factory
H11 100 Industrial Electronic Factory
S1 53 Life School
S2 40 Irrigation Agriculture
33 15 Irrigation Agriculture
S4 20 Irrigation Agriculture
Gwangiu 85 80 Life School
Stream 56 100 Life School
S7 80 Life School
S8 80 Industrial Waste Treatment Plant
59 150 Drink Business
S10 110 Life Business
2. M8 9 BN Mne UAEFFESFEZAHA(AASE o)83ld =
Astolen, 7]7]—3-"—'] A= 0.005 ppmeli, Ca,
HIEY Mg, Si0E #EAFES=0 AYEeRRE
42, pH, Eh, EC #< F9HL& =%7) ﬂ](ICP—AES)é ol &3lglen, 7|7 M4

(SK1250MC. HM-12P TOA, CM-14P TOA)E

ol g3te] AN FAsAG. dZe=E HH
LAA e} e g o= AAJkS o] L3le] 005 N
2] gakez A A4 AA 89 (Manahan,
1979: 4 <, 199).

AR 12709 2 AE(K', Na', Ca*",
Mg?*, Fe. Mn, F", CI'. SO, NOs. HCOs, SiOy)
=3 “H"“’i sk, ol &3 Na, K, Fe,
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(IsE¥  64~111.0 mg/L(F#: 469 mg/L),
NO; %= 0~136.0 mg/L(Z#: 398 mg/L),
S07 =+ 0.1~624 mg/L(HF: 180 mg/L).
HCOy %S+ 180~317.2 mg/L (¥ 1065

meg/L)Y WHE 2tk Fe, Mn2 3709 Alge]
A A& glen, Fe 5= 0~25.0 mg/L(H
25 mg/L) o) HHE Helw, Mn ¥E& (0~
6.0 mg/L(AF: 11 mg/L) & WHHE RBaldh

Table 2. Physical properties for the 18 groundwater samples containing organic hydrocarbons

Sample T(C) pH Eh (mV) EC (uS/cm) DO (mg/L)
H4 152 7.1 184 165 4.1
H5 14.7 6.6 211 112 4.6
H6 15.2 6.3 222 278 3.0
H7 15.1 6.0 200 74 6.6
H8 17.1 5.7 199 211 8.4
H9 16.6 6.1 192 215 6.5
H10 16.2 58 191 133 7.7
H11 16.8 6.0 185 145 5.4
Si 15.6 6.6 219 854 5.0
52 114 6.5 43 505 0.4
33 15.2 6.6 67 454 4.8
S4 16.2 6.5 -38 457 1.5
S5 16.7 6.1 104 687 © 46
56 16.2 6.7 219 817 6.4
s7 17.1 6.6 133 372 18
S8 17.6 6.8 -60 770 2.1
S9 15.2 6.3 73 541 2.4
S10 15.9 6.4 225 233 4.8
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Table 3. Chemical data for the 18 groundwater samples containing organic hydrocarbons

(unit : mg/L)

Samples K Na Ca Mg F Cl SOs HCO; NOs;  SiO: Fe Mn
H4 1.6 198 340 7.4 01 582 6.2 60.1 30.0 46.0 BDL BDL
H5 31 175 174 27 BLD 182 0.1 240 692 297 BDL BDL
Hé6 2.9 154 228 132 BLD 510 0.1 18.0 82.5 304 BDL BDL
H7 1.5 95 5.0 09 BLD 64 0.5 33.1 1.9 321 BDL BDL
HS8 14 148 187 39 02 265 31 79.3 1.6 302 BDL BDL
H9 20 150 166 49 01 178 122 640 293 306 BDL BDL
H10 1.2 150 95 2.0 0.1 135 2.2 427 179 287 BDL BDL
H11 1.0 1.1 1y 1.5 0.4 12.4 3.0 458 22.7 300 BDL BDL
Sl 4.1 34 919 234 01 1110 278 1259 1360 3.7 BDL BDL

S2 2.0 409 333 140 0.1 54.3 282 2043 0.1 30.2 25.0 4.2

S3 2.1 2718 486 110 0.2 63.0 29.4 178.6 0.2 473 0.1 6.0

S4 1.7 307 401 120 0.2 48.0 62.4 155.2 0.1 49.8 14.9 3.7
S5 3.6 230 940 241 0.1 96.2 36.2 130.3  84.0 321 BDL BDL
36 1.6 250 934 236 01 1010 204 1237 1270 319 BDL BDL

S7 1.7 200 356 8.2 04 31.0 278 1230 10.1 314 BDL 0.1

S8 1.6 60.0 584 124 0.2 59.8 374 3172 BLD 35.7 3.0 5.3

S9 1.1 185 651 184 01 573 299 1790 5.2 32.0 3.0 5.3
S10 25 143 248 9.2 01 293 051 8.4 637 317 BDL BDL

BDL : Below Detection Limit
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Table 4. VOCs data of the 11 groundwater samples in the Hanam Industrial Complex

Component Molecular Concentration at each sample (ug/L)
Remark

(IUPAC Name) Formula HI H2 H3 H4 H5 H6 H7 H8 H9 H10 HIl MCL'

Chlorinated Aliphatic Hydrocarbon
Dibromochloromethane ~ CHBr:Cl THM 31

Bromodichloromethane ~ CHBrCl THM 124 'rII“ICi;Ia\‘i
Trichloromethane CHCI3 THM 207 1.3 03 0.1 3.7 0.2 (100
Trichlorofluoromethane CFCls CFC-11 175 150
trichlorotrifluoroethane  C:FsCl; ~ CFC-113 23 190 NA"
Dichloromethane CH.Cly DCM 3.7 5
1.1.1-Trichloroethane CoHsCl  1,1,1-TCA 15.0 200
Tetrachloroethene C.Cly PCE 28 02 12 5
Trichloroethene CHCl3 TCE 271 05 123 12 5
cis-1,2-Dichloroethene CHoCl;  cis-DCE 6
Aromatic Hydrocarbons
Benzene CsHs BTEX 1
Methylbenzene CeHsCH; BTEX 0.1 150
Ethylbenzene CeHsCoHs BTEX 0.1 700
1.3-Dimethylbenzene C¢H4(CH3): BTEX 0.2 Total
1.4-Dimethylbenzene C¢H,(CHs); BTEX 0.1 1750
1,2,4-Trimethylbenzene CgH3(CHaj)s NA
1.3,5-Trimethylbenzene CsH3(CHa)3 0.1 NA
Chlorobenzene CsHsCl CB 70
4~Chlorotoluene CeHsCH3Cl 0.1 NA
Naphthalene CioHio 0.1 NA

*MCL : Maximum contaminant Level
**NA : Not Applicable
Blank : Not Detected
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Table 5. VOCs data of the 10 groundwater samples around the Gwangju stream

Component
(IUPAC Name)

Molecular
Formula

Remark

Concentration at each sample (ng/L)

Sl 82 83 84 85 86 S7 S8 89 S10 MCL*

Chlorinated Aliphatic Hydrocarbon

Dibromochloromethane ~ CHBrzCl THM Total
Bromodichloromethane ~ CHBrCle THM THM
Trichloromethane CHClL; THM 05 1.2 03 02 0.3 (100)
Trichlorofluoromethane CFCl CFC-11 150
trichlorotrifluoroethane ~ C:F3Cl; ~ CFC-113 NA**
Dichloromethane CH.Cl, DCM 04 04 03 5
1.1.1-Trichloroethane C.HsCls  1,11-TCA 0.1 200
Tetrachloroethene C2Cly PCE 0.1 15 5
Trichloroethene C.HCl3 TCE 01 0.4 5
cis-1.2-Dichloroethene CoHoCly  cis-DCE 0.1 0.1 6
Aromatic Hydrocarbons

Benzene CsHs BTEX 0.1 1
Methylbenzene CeHsCH;  BTEX 0.2 150
Ethylbenzene CsHiCoHs  BTEX 700
1,3-Dimethylbenzene ~ CsHy(CH3); BTEX Total
14-Dimethylbenzene ~ CHy(CHy), BTEX 1750
1.2.4-Trimethylbenzene CeHs(CHs)3 02 NA
1,3.5-Trimethylbenzene CsH3(CHs)s 01 NA
Chlorobenzene CsHsCl CB 0.2 70
4-Chlorotoluene CsHsCH3Cl NA
Naphthalene CrHio 01 NA

*MCL : Magimum contaminant Level

**NA : Not Applicable
Blank : Not Detected
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Table 6. Correlation matrix of the 21 groundwater samples
TTHM CS Ca Na Cl HCO3; NO; SOy Tem pH Eh EC DO

TTHM | 1

cs” |-0001 1

Ca |-0061 -0315 1

Na | -0.257 -0.215 0.494 1

Cl -0.112 -0.321 0.948 0.520 1

HCO3 | -0.230 -0.244 0536 0.831 0.469 1

NO3 |-0.030 -0.186 0551 -0.046 0.602 -0.256 1

S04 | -0.156 -0.295 0.644 0.653 0573 0751 -0075 1

Tem |-0.071 0.161 0104 -0.089 -0.056 -0.003 0.039 0.068 1

pH | -0240 -0532 0428 0544 0504 0426 0207 0377 -0.208 1

EH 0.171 0180 -0.242 -0.724 -0.182 -0.840 0542 -0.792 0.024 -0284 1

EC [-0145 -0301 0929 0722 0.890 0731 0414 0737 0.065 0427 -0425 1

DO 0.253 0509 -0.207 -0549 -0.235 -0565 0204 -0.568 0.370 -0.565 0.667 -0.343 1
"TTHM: total trihalomethane(dibromochloromethane +bromodichloromethane+trichloromethane)

"CS: chlorinated solvents(dichloromethane+chloroethane+1,1,1-TCA+PCE+TCE+cis-DCE)
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Table 7. The Eigen values and factor loadings of elements and physical components for

groundwater samples.

Factors Factor 1 Factor 2 Factor 3 Factor 4
Eigen Values 5.86 2.48 1.55 1.05
CP.T.V(%) 451 64.2 76.1 84.2

Factor Loadings
Eh -0.97194 0.08985 0.10892 0.03374
HCOs 0.90728 0.26024 ~0.08951 -0.11154
S04 0.81536 0.39644 ~0.06953 0.01372
Na 0.77042 0.33564 ~0.18293 -0.22449
Ca 0.32694 0.92082 ~0.01935 0.03502
Cl 0.24313 0.91892 ~0.14767 -0.05095
EC 0.52915 0.82402 ~0.02957 -0.04107
NO3 -0.50806 0.81058 ~0.06559 -0.08797
Tem 0.06682 0.14735 0.71788 -0.02776
CSs -0.13807 ~0.29677 0.70418 -0.20458
DO -0.59667 0.00785 (0.66895 0.18737
PH 0.2567 0.38984 -0.64143 -0.30103
TTHM -0.13919 -0.0358 ~0.02648 0.95681
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Fig. 2. VOCs concentrations in groundwaters sampled from the Hanam Industrial Complex and around
the Gwangju stream. (A), chlorinated solvents: (B), CFCs;: (C), total trihalomethanes: (D), aromatic
hydrocarbons.
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Fig. 3. Groundwater contamination plume(VOCs)
in the Hanam Industrial Complex.
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Table 8. Common degradation pathways for chlorinated hydrocarbons

Degradation
Compounds Pathways Process
Chlorinated | CT(CClL)—CF(CHCl3)—D CM(CH,Cl;)—CM(CH;Cl)—Methan(CH4) Reductive
Methanes | —CO2 Dechlorination
1,1.1-TCA(C:H3Cl3)—1,1-D CA(C2H,Cl2) —CA(C:HsCl) Reductive
Chlorinated | —Ethanol(C.HsOH) or Acetate~>CO: Dechlorination
Ethanes
1.1.1-TCA(C;HsCl3)—1.,1-D CE(C;H,Clz) Hydrolysis
PCE(C,Cly)—TCE(C;HCl3)—1.2-D CE(CyH2Cl)—VC(C:HsCl) Reductive
Chlorinated | —Ethene(C;Hy)—CO2+H:0 Dechlorination
Ethenes )
PCE(CyCl)—~TCE(CoHCl) —~COy+ H20 Aerobic
Cometabolism
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