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ABSTRACT

Natural attenuation of petroleum hydrocarbon was investigated at an industrial complex about 45 Km away from Seoul.
The three-years monitoring results indicated that the concentrations of DO, nitrate, and sulfate in the contaminated area
were significantly lower than the background monitoring groundwater under the non-contaminated area. The results also
showed a higher ferrous iron concentration, a lower redox potential, and a higher (neutral) pH in the contaminated
groundwater, suggesting that biodegradation of TEX(Toluene, Ethylbenzene, Xylene) is the major on-going process in the
contaminated area. Groundwater in the contaminated area is anaerobic, and sulfate reduction is the dominant terminal
electron accepting process in the area. The total attenuation rate was about 0.0017~0.0224day ™" and the estimated first-
order degradation rate constant(A) was 0.0008~0.01()6day". However, the reduction of TEX concentration in the
groundwater was resulted from not only biodegradation but also dilution and reaeration through recharge of uncotaminated
surface and groundwater. The natural attenuation was, therefore, found to be an effective, on-going remedial process at the
site.
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Fig. 1. Sampling sites and monitoring wells.
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Table 1. Comparison of chemical characteristics of groundwater by seasonal variation

?Cf;;’f Monitoring well ~ Jun-99 Sep-99 Jan-00 Apr-00 Sep00  Feb-01  Jul01  Sep-01
pH HMI® 72 6.8 6.8 75 6.6 65 6.5 6.0
1.3° 6.5 6.5 6.6 70 62 6.6 63 63
Mean® 6.6 6.5 6.6 7.1 6.4 6.4 63 6.1
TEX HMI 20 13 08 0.04 0.4 0.0 02 02
(mg/L)
L3 371.2 308.1 2345 1227 116.1 436 285 1109
Mean 149.0 141.9 82.1 420 17.0 172 148 344
EC HMI 616.0 670.0 228.0 382.0 N.A 1250 7500 960.0
(uS/cm)
L3 361.0 5100 362.0 415.0 N.A 1020 7000 570.0
Mean 399.3 536.8 3273 4038 N.A 5662  564.8 530.9
Eh HM!1 1729 2685 214.8 65.1 87.9 73.0 5.0 101.0
(mV)
L3 ~1242 —40.7 —546 —68.8 47 -53.0 16.0 -57.0
Mean ~142.6 ~56.4 -55.6 519 ~348 -186 -390 285
DO
HM1 0.6 13 27 27 05 46 43 22
(mg/L)
L3 06 04 07 07 N.A 23 05 14
Mean 05 05 09 10 03 23 1.8 1.5
Nitrate
HMI 11.9 176 135 32 38.8 13.9 153 15.1
(mg/L)
L3 0.1 12 36 17 0.1 02 0.1 02
Mean 35 26 32 09 26 13 1.8 18
Tron(ID HMI 0.03 0.01 <0.01 <0.01 0.09 037 <001 <0.01
(mg/L)
L3 N.A 214 288 55.0 74 101.4 02 592
Mean 523 50.6 509 547 473 56.7 440 519
Sulfate HMI1 832 1436 672 337 123.8 976 725 118.8
(mg/L)
13 0.6 175 12.9 40 16.9 29 18.4 12
Mean 29.8 133 11.5 6.1 19.0 11.0 176 11.5

N.A. : Not Available

a : Background

b : Center of the plume

¢ : Mean of the contaminated area
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Fig. 2. Seasonal change of dissolved TEX according to the
distance along plume center line.
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Fig. 4. Average relative contributions of TEX biodegradation
processes in groundwater.

Table 2. The amount of available electron acceptors in groundwater by different sampling date at the study site and its expressed

assimilative capacity (unit :mg /L. )

Biocie;riltggtion Nitrate Reduction  Sulfate Reduction Ff{r;gﬁztiggn Total
‘99 Jun. 0.32 353 17.12 043 21.39
Sept. 0.30 495 28.22 0.66 34.12
‘00 Jan. 0.69 331 12.39 0.87 17.26
Apr. 0.50 0.59 6.38 1.57 9.04

Sept 0.13 11.60 23.83 0.29 35.85

'01 Feb. 0.79 4.14 20.47 2.11 27.51

Jul. 1.22 4.56 13.47 0.52 19.77

Sept. 0.29 432 26.01 227 32.88

Average 24.73

Highest observed total TEX 110. 87
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Table 3. Field scale biodegradation rate in the study area

=34 -

46 277) - ORI - o]4jq] - =8

Total Attenuation Biodegradation
Time Interval Slope(m=k/v) R? Rate Constant(k) Rate Constant(A) AK(%)
(day) (day)
99. 6 -0.0018 0.936 0.0017 0.000& 46.6
'99. 9 -0.0053 0.964 0.0050 0.0024 46.7
'00. 1 -0.0087 0.711 0.0083 0.0039 46.9
'00. 4 —0.0061 0.890 0.0058 0.0027 46.8
'00. 9 —0.0133 0.993 0.0126 0.005% 47.1
'01. 2 -0.0236 0.670 0.0224 0.0106 475
01. 7 -0.0182 0.865 0.0173 0.0082. 47.2
01. 9 -0.0153 0.839 0.0145 0.0069 47.1
Average 0.0110 0.0051 47.0
Table 4. Comparison of total attenuation rate and biodegradation rate by seasonable variation
Total Attenuation Rate Constant (k) Biodegradation Rate Constant (A)
Mk (%)
(day) (day)
Wet season 0.0124 0.0058 47.04
Dry season 0.0095 0.0045 46.92
Wet/Dry 129.6(%) 129.4(%) 100.3(%)
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