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ABSTRACT

This study investigated the soil contamination characteristics of military rifle shooting ranges. 4 shooting ranges, including
zeroing range, were chosen for the investigation and were classified as 3 areas (berm, target, and range floor) in each
shooting range for soil sampling. The leaching concentrations of lead in the berms by SPLP (synthetic precipitation
leaching procedure), 0.13 mg/L ~ 2.14 mg/L, were significantly higher than those of copper and zinc, less than 0.2 mg/L.
This indicates that lead is a major contaminant in shooting ranges. Concentrations of lead by aqua regia were higher in the
berm, followed by the target area and lastly the range floor due to the influence of bullets. As target distances from a firing
point increased, the concentrations also increased because shooting uphill is general due to the topography of the ranges.
The concentration relationship between surface and subsurface soils was identified only in the range floors, where there
are fewer bullets. Surface soil concentrations were higher than subsurface concentrations in the range floors due to the
effects of contaminants leaching and soil loss from the berms and target areas. Therefore, the reduction of contaminant
mobility and soil particulate loss has to be preferentially focused on in terms of the sustainable management of military

shooting ranges.
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Fig. 1. Sample areas in each studied shooting ranges (each area has 3 sample points).
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Table 1. The leachability of soil contaminants in the studied shooting ranges (mg/L, mean + SD)

As Cu Ni Pb Zn

River water quality standard” 0.05 - - 0.05 -

Groundwater quality standard® 0.05 - - 0.1 -
A Zeroing range ND® 0.197+0.007 ND 2.143+0.644 0.032+0.012
Shooting range ND 0.009+0.009 ND 0.128+0.110 0.006+0.008
B Zeroing range ND ND ND 0.404+0.326 0.010+0.009
Shooting range ND 0.096+0.030 ND 0.658+0.292 0.019+0.004

A: Shooting ranges in Gangwon province; B: Shooting ranges in Gyeonggi province

(1) Criteria from Framework Act on Environmental Policy of Korea

(2) Criteria for residential uses from Groundwater Act of Korea

(3) ND: Not Detected

J. Soil Groundwater Environ. Vol. 30(5), p. 1~8, 2025



HAol| AREE UL ASER] Uoit) weh 2 g
o= QIgh A Je kS ZloE e

32 0.13 mg/L ~2.14 mg/LY] HWHYE TE o=
FERT S50} = el o] 2 A= AR

e

Ve B o] W gl JFs = wete 7
EAZAL W&} dX]sl= Zlo]th(Ahmad et al., 2012;

Alasmary, 2025; EPA Victory, 2019; Hong and Hyun, 2014).
ob&e] =} A7 s A7 (0.05 mg/llye
A AR ER BEse] MaPe W B SE5Es
) ol & ROl 9ol o3k SEo] 3=
T A7t Aval 7 EE W= w9 Aske
1Z0.1 mglye E3 RO ekt 33985
Ao gl He| e §EFEe I o4

shatel] golst Felo] o] WEER EAPTL T

Lo

=
a

AT 75 A Al B W) QAEHS 9ol S,
LABES TR F-FATYE FH FAC A=A
FAA N HFFS v = AT o7 gy
ABlrE THETE Bee T84 29 A 24
49| 2= Mo 2T 5 o =, AEH

&2 (bioaccumulation) < Q1) o]
Fosl=, dAlol fd= g AA7E of§7]
wj&o| o lsl= Ao] 23 (Collin et al., 2022; Emom
et al., 2023). WehA| AP U 238kt AAIE Sls)
ES U EAlcte L9549 A 857 22 olss
A7 HWiete] A eshar & 4= Atk(Shin et al., 2025).

459 Wl 78 Fel= 218E=(Pboy B (PbCO3)
o2 FaEg AHER EY §UF BF e 85
gHo2RE FHE F2 7F, F71E, pH 59 F3}
Z739]] Wa} Z(species) W37} th2A Yehled), tixl2
Pb — PbO — PbCOs/Pbs(CO;),(OH),Y] 3T W3t=
YePdth(Alasmary, 2025; Ma et al., 2007; Chrastny, 2010).
oo = X7 FUE ol s 2k(0)9}F vhe-3te]
2belEo] Ha1, o] o]AksleA(CO,)7F BHF(IHH)
FHE e SaEEA W] etde g Welsit)
PbCOs= PbOol| BI3] w& 83|=5 7IXaL Q). oo
EY T80 EAFH gk 93t 5528 2
Ne B FHY a5 v% BES 918 pH 59
FZNE AMBIICHLI et al, 1995). TEHA] pH 4.29] B0l
ARESE Q1B739A1E 52374 e o= EAllske |7A
SEES Aow wdE,

53 HeHont

o
HT

J. Soil Groundwater Environ. Vol. 30(5), p. 1~8, 2025

Tele} ot ZHt EHE ~ 0.20 mg/L, 0.01 mg/L ~
0.03 mg/LS] W= g} vlushd did AEze 4
A5 BT SHA A3 vle} o] o] e e HEHES
ol a3k Aol ot ] Sl ARSE ool
EG Ul EAlske AR & vk wEpA o]
P SRR S W, AMAE BEGed de et
T Al U2 o 0AEHRY e A5t HES
g7} AS Aoz AgHn.

32. 5 2T My

3.2.1. SHAEF

Fig. 2= 2459} 77|z 91X
FHAEE U 7 EY
THEste] PR Aolok 184
#2 FH, 4 Y] AR =Tt

= At

AP A B30 7I91sE Ao g B 4 Stk XA
e 22 AdERE 94 A2 ol F 3 e
So2 uE JAY HInA FL FYS /9% ol
ey AE FEe o Eq Fue) AEucks
F27 Y ZolAY ol® T ¢ &2 HEA|of g©go]
50,000
(A)
__ 40,000
E
oj 30,000
=
<1+
£ 20000
=
10,000 :
|
0
Surface Subsurface Surface Subsurface Surface Subsurface
Range floor Target Berm
15,000
(B)
__ 12,000 -
3 |
wd 9,000
=
=T+
E 6on0
£
3,000
I
0 .
Surface Subsurface Surface Subsurface Surface Subsurface
Range floor Target Berm
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