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Fate and Transport of Cr(VI) Contaminated Groundwater from the Industrial
Area in Daejeon

Chul-Min Chon'*, Sang Ho Moon', Joo Sung Ahn', Yungsik Kim', Jong-Ho Won?
and Kyoung-Hwan Ahn®

IKorea Institute of Geoscience and Mineral Resources, Dagjeon 305-350, Korea
2Korea Water Resources Corporation, Daejeon 306-711, Korea

The objective of this research was to characterize the fate and transport of Cr(VI) contaminated groundwater in
the Daejeon industrial area. Five subsidiary monitoring wells were newly installed and two existing wells were uti-
lized for the investigation and the reduction process of Cr(VI} contaminated groundwater of the Daejeon(Mun-
pyeong) national groundwater monitoring station. The Cr(VI) concentrations at the shallow aquifer well of the
station were in the range of 3.2-4.5 mg/L indicating continuous contamination. However, Cr was not detected at the
deep bedrock well and the other monitoring wells except MPH-1 and 3. The Cr(VI) concentrations of MPH-1 and
MPH-3 were below the drinking water guideline value (0.05 mg/L). Therefore, the plume of the Cr(VI) contami-
nated groundwater was predicted to be confined within the narrow boundary around the station. The soluble/
exchangeable Cr(VI) concentrations were below the detection limit in all core and slime samples taken from the
five newly installed wells. Although the exact source of contamination was not directly detected in the study area,
the spatial Cr(VI) distribution in groundwater and characteristics of the core samples indicated that the source and
the dispersion range were confined within the 100 m area from the monitoring station. The contamination might be
induced from the unlined landfill of industrial wastes which was observed during the installation of an subsidiary
monitoring well, For the evaluation of the natural attenuation of Cr(VI), available reduction capacities of Cr(VI)
with an initial concentration of 5 mg/L were measured in soil and aquifer materials. Dark-gray clay layer samples
have high capacities of Cr(VI) reduction ranging from 38 to 64%, which is obviously related to organic carbon
contents of the samples. The analysis of reduction capacities implied that the soil and aquifer materials controlled
the dispersion of Cr(VI) contamination in this areca. However, some possibilities of dispersion by the preferential
flow cannot be excluded due to the limited numbers of monitoring wells. We suggest the removal of Cr(VI) con-
taminated groundwater by periodical pumping, and the continuous groundwater quality monitoring for evaluation of
the Cr(VI) dispersion should be followed in the study area.

Key words : Hexavalent chromium, Groundwater contamination, Available reducing capacity for Cr(VI), Natural attenuation
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Table 1. Locations and details of groundwater monitoring well in this area.

No. Location Depthof well ~ Casing diameter Depth of water Monitoring
MPH-0 g 13§72§44f792 235m/72m 200 mm $04m  National Groundwater Monitoring Station
MPH-1 I; 35;354‘15'?34;" 20.5m 50 mm 7.16 m Water level and quality monitoring
MPH-2 E 35;326‘;5;18;, 20.0m 50 mm 8.05m Water level and quality monitoring
MPH-3 1; ?26;326‘;‘}1767;, 20.0m 50 mm 7.35m Water level and quality monitoring
MPH-4 g 1323326:}1988‘9‘., 20.8m 50 mm 7.90 m Water level and quality monitoring
MPH-5 g 3267055:,11772;., - 50 mm - Water quality monitoring
MPH-6 I];I 13533;5,392;, 20.0m 50 mm 6.79 m Water level and quality monitoring
MPH-7 N 36°26'51.7" 50 mm - Water quality monitoring

E 127°24'09.9"
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Fig. 1. Location of groundwater level and quality monitoring wells.
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Fig. 2. Variations of Cr(VI) concentrations in Daejeon
(Munpyung) national groundwater monitering well.
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2 2AHEE A%S Bun. G BEE ol A
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o o5t 0 A7 At ele vide ol AR
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A FANELE AEE o Akl et 67F 2

7 24so] hAEY) #34 F4% B &= EJ w7t ase 4L BT

A A 2498 F£05°0F FARE #HE Bith AR A, YAER) BS54 N Y MPH-
A7AEEE 249~2,190 pS/em WHBA £& A4S 0-0)4 MPH-1, 3, 6, 7 & xg—;—o 2z 83 Ca
By B3], g B2 A5 0 el A HCO;8, MPH-2 #49] 4 #3& Nall &, 1ol
Table 2. Hydrogeochemical data of first groundwater samples (Oct. 2006).

D lzfs)d Tg,‘g’ (ES"/Zﬁ;) pH (g?n) (nEll\‘J) HCO, CI SO, NOo, F Ca Mg Na K
MPH 0-0 804 187 312 665 145 243 1057 2609 13.12 893 0.14 4390 7.56 1968 223
MPH 0-0B* 804 186 321 702 602 302 914 1003 573 433011 2366 3.13 7.73 08l
MPH 0-1 804 189 385 599 181 296 931 29.04 3546 33.36 0.08 4842 999 2743 250
MPH 0-1B* 804 186 387 613 443 351 869 5571 5484 6729 0.08 74.04 23.87 6493 5.77
MPH 1 716 183 526 658 031 167 1551 4351 3454 19.86 021 5341 759 64356 3.39
MPH IB*  7.16 187 489 678 287 248 1503 39.89 3446 2321 022 5137 743 60.72 3.10
MPH 2 805 17.6 2190 646 287 106 541 44120 3631 30.81 0.58 12655 2192 194.03 17.99
MPH 2B* 805 166 1008 683 385 45 614 18156 80.63 39.01 0.13 62.40 14.13 15576 29.96
MPH 3 735 207 359 626 090 190 1176 2646 2930 2287 0.11 4841 880 2540 322
MPH 3B* 735 193 783 632 365 237 757 59.08 4505 66.82 0.07 55.08 1577 4683 5.76
MPH 4 790 172 307 624 379 250 743 2737 1958 3058 0.12 3779 696 2098 5.76
MPH 4B* 790 177 284 651 3.67 220 526 3490 2606 2627 009 4224 1242 34.66 4.14
MPH 5 . 179 332 592 217 197 619 4506 3560 43.80 0.08 6827 1460 37.36 3.71
MPH 6 679 17.6 455 645 029 170 788 2669 1863 903 0.15 5012 696 2846 207
MPH 6B* 679 174 433 667 325 274 1619 3458 2520 1259 0.15 5951 954 3811 266
MPH 7 . 175 413 644 079 279 1517 4152 1841 1520 0.14 6438 9.82 3922 3.04

*The samples were collected from bailer without using a specified well purging protocol. Other samples were collected using

pumps after purging.
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Table 3. Hydrogeochemical data of second groundwater samples (Nov. 2006).
head Temp. Cond. DO Eh
m) (C) (Skm) P (ppm) mV)
MPH 0-0B* 809 17.8 324 749 569 318
MPH 0-1B* 8.09 17.6 369 645 340 341

D HCO, C SO, NOo; F Ca Mg Na K

1113 2728 1402 900 0.15 4565 7.84 2055 225
92.1 3133 3836 37.32 0.08 50.02 1042 2850 2.54
MPH 1B* 722 188 415 675 294 285 1413 30.17 30.89 2652 020 5048 7.80 38.65 2.69
MPH 2B* 8.09 165 755 678 3.58 218 1143 162.57 131.67 117.38 0.03 6228 22.59 204.75 55.02
MPH 3B* 739 183 323 645 253 330 835 2741 2234 2849 0.11 41.00 7.04 2030 2.14
MPH 4B* 7.76 16.5 304 663 389 352 845 2433 1792 3263 012 3992 670 1779 1.84

MPH 5 - 18.3 327 614 107 167 672 3203 2982 3250 0.10 4205 7.65 1922 1.90
MPH 6B* 685 163 437 668 331 302 1577 32.83 2369 1268 0.14 5690 9.09 32.10 235
MPH 7 - 171 249 646 097 415 1490 30.18 24.13 20.08 021 5923 868 2859 199

*The samples were collected from bailer without using a specified well purging protocol. Other samples were collected using

pumps after purging.
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Fig. 5. Piper diagram showing the chemical compositions
of groundwater at the monitoring wells.

A4 58] NaCl 39 +£2 38 B & 2
AT s AAEeH, o] BRI AHERE FA
755~2,190 uS/emzA FAL Y dFS WSt
(Fig. 5).

Aagel] AaddAs g3 4.33~117.33 mgL
N zA W Yo WS nan) gAES) #E5L
otut BRAMPH-0-0) AE9 FAMHHAL FHFS
433~9.00 mg/L, A 7WHE Xl 91213 MPH6, 7
B4 Age] ArAdEL TS 9.03~20.08 mg/LEA
Ul wA e £AE BYo, YA BFEAME Y
2B 20mgl o4 AX 11733 mg/lLe] &2 A
Ak F4e BT Hye AadAA FRE 231 A
7] MPH-2 B0l wlde) Mo 23] A=
Aggel. B4 e 0.03~058 mg/lE ul-$- &

e Bo] JPAQA AEA 3 EA4L HEE-

332 mEA B A3}

1, 23 Aske A8 dig s B Zdet
PAER) #22 2383 B Ul 33 A8 &
MAI= Table 49+ 72t} 13 AlFAl HeiM= Ph,
Ct, Cd, B, Co, Ni Cu 3¢ ¥4 2 F7] 934
A 7 AR 67 8L BF BAENeH, 249} 3
2} AlBoAE e B4 YRl 67F 23] oAt
BAE AN ERT

HER $A7E F 9T FEE 5 ]
5E Pb, Cr Cd, BY 71&ae 44 50, 50, 5,
300 ug/Lols, 13 A& miR-2olx FE7|E olste]
e Holw grt. a8y 13 A8 F HHER) #
24 242 BYMPHO-1INE 671 28] T
32~34mgL HAE AZEH o £A7IEY °F TME
Z3}sh= Ro2 Jepdth 7gr 324 13} A8l
ME 67} 28] 71717HE AL 001 mg/l °lsk=2
Yelgter & 3 ke tiyE 10 ugl °lskE v}
Epdth. MPHO-1 #49 &7} 28 2 % 3§ §3L
H@sle] 2 o tiEe] A5 67} AFoR TS
T 9lE Ao setyint. 71el 271 8L P,
Cde Tl Co, Ni, Cust 28 534 949 %
& A7l Z42F <0.1~784 pgl, <0.1~129ug/
L, <01~286puglL, <0.1~169ugl, <0.1~6.71ugL
o] WMoz 2AFo FA7FE oJFfolAY wle W
3 WoE Byt Be| Aol wexald il
A9 AFEZMPH-1, 2, 6 BN F471%8E 2
w7k 2oele gk Bled, ol Al
Ho] odug ukgd3l Aoz WrtEnh

22} Asl AR B4 A%, AER) #3254
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Table 4. Concentrations of trace elements in the groundwater samples.
Sampling period First Second
D Cr(VD) Cr Co Ni Cu Cd Pb B Cr(VD)
(mg/L) (g/l) (mg/L)
MPH-0-0 <0.01 5.58 0.09 16.9 0.31 <0.1 <0.1 56 -
MPH-0-0B* <0.01 27 <0.1 <0.1 <0.1 <0.1 <0.1 9 <0.01
MPH-0-1 3.20 32490 0.16 112 0.46 <0.1 <0.1 187 -
MPH-0-1B* 3.40 3530 0.12 1.01 1.95 <0.1 <0.1 192 3.70
MPH-1 <0.01 9.68 1.49 345 1.29 0.15 1.33 698 -
MPH-1B* <0.01 19.7 0.88 209 0.71 0.28 7.84 563 0.04
MPH-2 <0.01 2.49 28.6 99 0.56 0.38 <0.1 409 -
MPH-2B* <0.01 4.7 26.8 8.23 0.85 0.34 <0.1 1260 <0.01
MPH-3 <0.01 409 112 2.84 0.83 0.19 <0.1 174 -
MPH-3B* <0.01 2.54 124 206 1.26 0.36 <0.1 79 0.05
MPH-4 <0.01 3.54 2.15 224 6.71 0.21 <0.1 65 -
MPH-4B* <0.01 1.83 0.94 1.57 0.84 1.29 3.68 60 <0.01
MPH-5 <0.01 5.32 0.03 1.3 32 <0.1 1.09 64 <0.01
MPH-6 <0.01 7.25 1.81 242 0.6 <0.1 <0.1 305 -
MPH-6B* <0.01 7.96 1.5 1.83 0.65 0.14 0.66 201 <0.01
MPH-7 <0.01 10.9 0.1 1.17 0.36 <0.1 <0.1 108 <0.01
Third sampling period (sampling during pumping test in MPH-0-1 well)
Time Pumping volume Cr(VD)
No. (min.) P (t%)n) pH EC Temp. (mg/L)
1 1 0.1 7.00 503 18.2 4.50
2 12 1.2 5.98 422 20.3 4.60
3 30 30 591 422 204 4.60
4 60 6.0 591 419 20.4 4.10
5 90 9.0 5.90 418 20.5 4.00
6 120 12.0 5.89 428 20.5 3.90

*The samples were collected from bailer without using a specified well purging protocol. Other samples were collected using

pumps after purging.
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Fig. 6. Vertical variations of moisture, L.O.L., pH and EC at MPH-1 (a), MPH-2 (b), MPH-3 (c), MPH-4 (d) and MPH-6 (e).
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Fig. 7. Vertical variations of available reduction capacities of Cr(V) with an initial concentration of 5 mg/L in soil and

aquifer materials.
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Table 5. Pearson correlations between available reduction capacity for Cr(VI) and soil properties.

With drilling slime moisture LOL H EC Removed
samples (%) (%) p (ms/cm) Cr(VD) (%)
. Pearson
moisture(%) Correlation !
LOL Pearson o
(%) Correlation 0.300 !
Pearson '
pH Correlation -0.090 -0.065 1
EC Pearson " -
(uslom) Correlation 0.239 0.522 0.199 1
Removed Pearson ok ok ) .
Cr(VI) (%) Correlation 0.355 0.420 0.382 0.158 1
Without drilling slime moisture LOL H EC Removed
samples (%) (%) P (usfem)  Cr(VD) (%)
moisture Pearson 1
(%) Correlation
LOL Pearson .
(%) Correlation 0.801 1
Pearson
pH - Correlation -0.208 -0.089 1
EC Pearson "
(usfem) Correlation 0.097 0.302 0.237 1
Removed Pearson - ok . "
Cr(V) (%) Correlation 0.627 0.550 -0.423 0.323 1

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)
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