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Abstract

A phase Il site investigation and feasibility study was conducted at a military mortar shooting range near the demilitarized
zone (Kyunggi, South Korea) to assess the extent of contaminants migration to the nearby Imjin river in which aflood control
dam isunder construction. The results showed that silty-clay soils around target areas were co-contaminated with heavy metals
(Cd, Cu, and Pb) and explosives (HMX, RDX, and TNT). The total amount of contaminant was estimated to be 497.1
kg-RDX, 20.6 kg-HMX, 1.4 kg-TNT, 35.2 kg-Cd, 4,331 kg-Cu, and 5,115 kg-Pb, respectively. Both heavy metals and
explosives were almost equally distributed on each soil particle size fraction. Neither subsurface soil samples nor ground water
samples showed signs of contamination above the environmental criteria. The major migration route of contaminants was soil
particlesin surface run-off during rain at which a mass discharge rate of 30.0 mg-RDX/hour was observed.
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Fig. 1. Topography and locations of shooting targets at
Mabang shooting range. Red dots indicate shooting
target or bomb crater location.
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Fig. 4. Locations of ground water monitoring wells, water, and sediment samples.

Table 1. Summary of sampling activities a¢ Mabang shooting range

Surface sample Subsurface sample
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Table 2. Physico-chemical characteristics of Mabang shooting

range soils

Region A Ac B C
Min. 4.82 6.05 493 481
pH Max. 6.98 6.67 6.88 6.71
Median 6.53 6.38 5.66 5.98
Min. 14.75 17.00 19.00 22.36
\(/[\JIA)(): Max. 3171 19.59 28.08 41.33
Median 2131 18.15 22.96 30.18
Min. 18.86 19.48 24.65 25.48
(LZ) Max. 39.18 26.31 35.96 47.08
Median 26.93 20.76 29.12 33.75
Min. 2.96 2.29 5.02 2.61
\i%: Max. 760 372|787 575
Median 5.08 2.50 6.25 3.53
CEC (meq/100g) 9.7+15| 09.7+15| 96£05| 9.7+0.1
No. of samples 29 7 10 26

WC: Water content; IL: Ignition loss; VOC: Volatile organic content
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Table 3. Proposed environmental criteria for explosive com-
pounds in soils

Class Proposed criteria (mg/Kg)
TNT RDX HMX
v 15 15 3.0
Il 0.6 0.6 12
I 0.24 0.24 0.48
| < 0.24 <024 < 048
322 Elef”R 2Y¥E ZAMALL
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A AdE dAYVIEE 2H5A T A AGdA s 48 A
AT gFAVIESE 2HsPAL, HA'EE A4F RDX
6.246 mg/kg, HMX 1.288 mg/kg, TNT 0.054 mg/kge] 1t
AEAFAME MW7 AH9 0.3~05 m A EA T RDX
7} 4%(1.082 mglkg)el AEHIUL thE HEdANE
Ed0] A AEHA Lol HEY 242 AY e
2 Uehsth
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Table 4. The concentrations of explosive compounds in the
surface and subsurface soil samples

Region A Ac B C
Min. 0.000 0.037 0.000 0.000
HMX Max. 1.288 1.764 0.303 0.000
Median 0.199 0.101 0.005 0.000
Min. 0.000 0.381 0.000 0.000
RDX Max. 6.246 | 57.085 0.708 0.000
Median 0.276 3.654 0.209 0.000
Min. 0.000 0.000 0.000 0.000
TNT Max. 0.054 0.156 0.021 0.000
Median 0.000 0.033 0.000 0.000
No. of samples 29+(10) 7 10| 26+(40)

('): No. of subsurface samples; Unit: mg/kg
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Table 5. Heavy metal concentrations in the surface and
subsurface soil samples

Region A Ac B C
Min. 0.00 0.02 0.04 0.00
Cd Max. 0.51 041 0.12 0.23
Median 0.08 0.21 0.07 0.06
Min. 0.22 12.2 1.00 0.00
Cu Max. 82.1 156.0 7.78 12.40
Median 4.63 93.2 2.89 3.48
Min. 0.00 1.22 0.80 0.00
Pb Max. 184.0 35.8 5.15 7.77
Median 4.48 5.46 355 4.28
No. of samples 29+(10) 7 10| 26+(40)

('): No. of subsurface samples; Unit: mg/kg
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Fig. 5. Cross sectional description of MWS5 that shows the
stream (A") and the storm water discharge pipe (A)
(unit: meter).
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Table 6. Concentrations of explosive compounds in the liquid and solid phase of storm water effluent
Sample Collection time (2005) HMX (mg/L) RDX (mg/L) TNT (mg/L)
STW 1-1 517. PM 07:50 n.d. 1.335 0.066
- STW 1-2 5.18. AM 06:20 n.d. 0.108 n.d.
Liquid phase
STW 2-1 5.17. PM 07:20 n.d. n.d. n.d.
STW 2-2 5.18. AM 5:52 n.d. 0.071 0.168
STW 2-3 5.18. AM 06:34 n.d. 0510 n.d.
Sample Collection time (2005) HMX (mglkg) RDX (mg/kg) TNT (mg/kg)
STW 1-1 5.17. PM 07:50 nd. 11.552 n.d.
Solid phase STW 1-2 5.18. AM 06:20 nd. nd. n.d.
STW 2-1 517. PM 07:20 n.d. 24.553 n.d.
STW 2-2 5.18. AM 5552 n.d. n.d. n.d.
STW 2-3 5.18. AM 06:34 n.d. n.d. n.d.
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Fig. 8. Didtribution of contaminants(explosives and heavy
metals) in each soil particle size fraction. (8) Explo-
sive compounds and (b) Heavy metas
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