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Prediction of Potential Risk Posed by a Military Gunnery Range after
Flood Control Reservoir Construction
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!Department of Civil, Urban and Geosystem Engineering, Seoul National University
’Department of Civil and Environmental Engineering, Kyungwon University

ABSTRACT

Risk assessment was carried out in order to improve the remediation and management strategy on a contaminated gunnery
site, where a flood control reservoir is under construction nearby. Six chemicals, including explosive chemicals and heavy
metals, which were suspected to possess risk to humans by leaching events from the site were the target pollutants for the
assessment. A site-specific conceptual site model was constructed based on effective, reasonable exposure pathways to
avoid any overestimation of the risk. Also, conservative default values were adapted to prevent underestimation of the risk
when site-specific values were not available. The risks of the six contaminants were calculated by API’s Decision Support
System for Exposure and Risk Assessment with several assumptions. In the crater-formed-area(Ac), the non-carcinogenic
risks(i.e., HI values) of TNT(Tri-Nitro-Toluene) and Cd were slightly larger than 1, and for RDX(Royal Demolition
Explosives), over 50. The total non-carcinogenic risk of the whole gunnery range calculated to a significantly high value
of 62.5. Carcinogenicity of Cd was estimated to be about 107, while that of Pb was about 5 x 107, which greatly
exceeded the generally acceptable carcinogenic risk level of 107~ 107°. The risk assessment results suggest that an
immediate remediation practice for both carcinogens and non-carcinogens are required before the reservoir construction.
However, for more accurate risk assessment, more specific estimations on condition shifts due to the construction of the
reservoir are required, and more over, the effects of the pollutants to the ecosystem is also necessary to be evaluated.

Key words : Explosives, Heavy metals, Military gunnery range, Risk assessment
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Ir

el d (risk)e g ket M L AEHo] 7HA]E
AAZR] F31d (hazardys SPIehe 202, did L9E4
o] =Z7Fs AR -8A0 tigk o188 W7HE sk N
HolohAlexander, 1995). 21314357 R= A1 G~8Aol
i3k 2 AEHY] Hsids AR Wrkslns &
g oxpEd FHoA GFFolal ASHAR] ZAE Al
o wiiEel] eHEd de] % B ol Qo 2 F
QA4o] tI5=]1 IcK(Khan and Husain, 2001; MacDonald,
2000; McGraph et al., 2004). 53] AR S FFZ3001
olyzg} 2.4 6-trinitrotoluene(TNT), hexahydro-1,3,5-trinitro-
1,3,5-triazine(Royal Demolition Explosive, RDX), octahydro-
1,3,5,7-tetranitro, 1,3,5,7-tetra-zocine(High Melting Explosive,
HMX)} & Sjoraass ogulo] gl 497} e,
o ogEde B U Ausel oS B 4% 7}
o] YO (Best et al, 1999), i, 7, I5F, &
A 5ol tigh AdH 520 ®are vl glom QA AJE)
Alell etdEks v 7Fs/do] USol= E-SkalJohnson
and McAtee, 2000; Salice and Holdsworth 2001; USACH
PPM, 2001) SElUets X338l oe] Yejellr] o} sjof
4| tigh S71e] vigs Aol e o AR

0 F35e B2, HopRdel et SIheE P BHeltt.

B A7 A Q) A 3R]0 8
7A9F7te] dgog AAEAAL, dPdAGel digk 7|
A 2 AURAE Fol] 4L AnE nigeg, F
HEL T AUFoZ w8 Cd, Cu, Pb 5 3%
S5 AR Aol @E7] 48 TNT, RDX,
HMX & 359 34 dlste] 35827 144
o] AR oS3l S WriskeE AEAY
A% e AEY] B 9 FejHEe Alv= bl 71z4
FE AASkaAl stk

2. ATy

2.1. CLHAX|2] EM (Site Characterization)
2.1.1. A|E708F
SE24EE ARkt o tidAHe] <, EA
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Table 1. Concentrations of the target pollutants in soil, groundwater and surface water

Contaminants Concentration (mg/kg, mg/L)

Environmental media Heavy metals Explosives

Cd Cu Pb TNT RDX HMX

A 0.131 9.74 16.9 0.00340 0.722 0.295

Soil Ac 0.220 83.0 13.9 0.0580 13.4 0.470
(mg/kg) B 0.0735 3.12 3.48 0.00306 0.265 0.0743
C 0.117 5.78 5.77 ND! 0.00203 0.0165

Groundwater (mg/L) 0.00157 0.00729 ND! ND! ND! ND!
Surface water (mg/L) ND! 0.00950 ND! ND! ND' ND'

'ND: Not Detected

Fig. 1. Zoning of the site studied.
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o] Aol HURARE AT 3 ALAA T)gt
A FHe] xekrel A|FESol e L% A 23
HAck ZF 7o e dEAe] FEE Table 19] U
ERAISITE

gebd 5 3lom, ol fas SRS AAsket
o) a3 chrolck, e AT 4 SlE w27
Z%d (conceptual site modelye 2J3l7] fEir= &
7 Aol gk 24} AkE e} ALSEEE 2059
LEEHe] 5A4o] HjetEofof Fitt & fJaid HriollA]
= A LHEYIN 82 52 fEE 7] Sle
Za%(Cd, Cu, Pb) B BeF=(HMX, RDX, TNT) 6
S A adERE Ao, 74 B4 &

25}ty 5493 548 Table 20 YERHNRITHATSDR,
1997; Johnson and McAtee, 2000; McGraph et al.,
2004; USACHPPM, 2001). 5<% SlokRel vz
2 e 2R F7I e THER 3] Fo=
ofsshs 2 mHIE o, iAo s & &al=E 7t
AaL Qo AsEFu AR osd 7¥s/do] At &
A 7l=gwe F2E, 53] el AF, SHEe deol B
tal deA o] FAE FHOE ke Aol tigh 4l
35 91313 W7t dasichal ddEn)

AR 7HA L9 EE T Jl=FH 92 IRIS
(Integrated Risk Information System)ol| <2Js}e] z}zt
Bl, B2Z EF5= WA sg3itl(US EPA). 7=
FO] 75 AT tiste] 4ol ot Wdebie] S
N0 (Takenaka et al., 1983), SIZAE Y 52 F
el 4= Qlthe AlghY F47F UtK(Thun et al., 1985).
H3 1 SRPES AdF Tl ot BRE Bl oo]
A F deo] TEAPCE FHEHACOH(Azar et al,
1973; Kasprzak et al., 1985; Koller et al., 1986; Van
Esch and Kroes, 1969) QIAIERIAE IRE FHEATH
(Cooper and Gaffey, 1975). Z1&u} F2 US EPAS]
IRISGOIAE SF ko] AAER] eda1 Jlemz, 2 93]
AH7to| = TOX-RISK H7|AE o] &35t =&FH
multistage 2H] ‘Fo] T S5 T 7l ekt
A (3.91 x 10%/(mg/kg - day)yS o] &aIth At gt
S ATA, 1995).

of

=
ezt ZE udEEZ(TNT, RDX, HMX, Cd,
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Table 2. Physicochemical properties and toxicities of the target pollutants

B - g

Heavy metals Explosives
Property Unit
Cadmium Copper Lead TNT RDX HMX
Molecular formula - Cd Cu Pb C;HsN3Ogs  C3HgNgOg  C4HgNgOg
Molecular weight g/mole 112.40 63.55 207.20 27.13 22226 296.16
Melting point oC 321 1083 3275 80.1 205206 276-280
Density glem’ 8.64 ND! 113 1.654 1.82 1.9
N 123,000 421,000 9,580 130 38.4 5-6.63
Water solubility mg/L (25°C) (25°C) (25°C) (20°C)  (20-25°C)  (20~25°C)
Vapor pressure mmHg 414x107° 424x10° 3.02x107° 199x10* 4.0x10° 333x107™
(25°C) (25°C) 25°C) (20°C) (20°C) (20°C)
Henry’s law constant atm - m¥/mole 0.0308 0.0245 0.0245 457107  12x107° 2.60x 1077
25°C) (25°C) 25°C) (20°C) - (25°C)
gé%ﬁ';ftigiﬂz‘;gfﬁciem - - - 14.33° 300 6.918 34674
Soil distribution Coefficient - 37 247 ND! ND! ND! ND!
Dispersion coefficient in air cm?/s ND' ND! ND! 0.064 0.074 0.063
Dispersion coefficient in water cm?’/s ND' ND' ND! 671x10° 7.15x10° 6.02x107°
Carcinogen Class (IRIS) - B1 D B2 C C D
Oral Reference Dose* mg/kg - day 0.0005 0.0375 0.0004 0.0005 0.003 0.05
Inhalation Reference Dose mg/kg + day ND! ND! ND! ND! ND! ND!
Oral Slope Factor kg + day/mg NA? NA? 0.0391° NA? NA? NA?
Inhalation Slope Factor kg + day/mg 6.3 NA? 0.0391° NA? NA? NA?

'ND: No data
>NA: Not Applicable

3US EPA(2000)114 A831= EPI Suite?] PcKocZ AAFS: 7k

‘cust Pboll Tl 5A7)Ee EAIEIA] kol 28 Ao ENE obdd S AN

*Multistage 2ol 2J3F 9] -8 95% At Wb (A et B7Fs) T2, 1995)
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Fig. 2. Conceptual site model for the gunnery range.
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Table 3. Parameters and values used for API’s DSS
Zone
Properties Unit
Ac A B C
Effective porosity - 0.25 0.25 0.25 0.3
Water content (V) 0.19 0.223 0.231 0.3
Soil bulk density g/em’ 1.8 1.8 1.8 1.8
Thickness of Incorporation m 0.3 0.3 0.3 0.3
Thickness of Incorporation m 0.001 0.001 0.001 0.001
Jury Model Boundary layer thickness cm 0.1 0.1 0.1 0.1
Unsaturated zone depth m 5 20 20 0.001
Fraction organic carbon - 0.034 0.058 0.082 0.054
Infiltration cm/yr 30 30 30 30
Length m 24231 484.62 68.64 266.30
Width m 51.92 173.08 68.64 266.30
Aquifer width and depth - infinite infinite infinite infinite
Hydraulic conductivity m/yr 12.906 12.906 12.906 12.906
AT123D Model Hydraulic gradient m/m 0.1 0.1 0.1 0.1
Longitudinal dispersivity - 0.1 0.1 0.1 0.1
Transverse dispersivity - 0.02 0.02 0.02 0.02
Vertical dispersivity - 0.002 0.002 0.002 0.002
Average wind speed m/s 2.9 2.9 29 2.9
Source area m° 6014.5 40487.5 3700 50403
Box Model Mixing height m 2 2 2 2
Mixing width m 77.55 201.22 60.83 22451
Frequency of disturbance day/month 30 30 30 -
Fastest wind speed m/s 4.3 43 43 -
Cowherd Erosion threshold
Particulate wind speed m/s : : ! -
Emissions Model  Fraction of ar
Wietllclt \(:eg;)tat?vzacover - 099 099 099 -
PE index - 100 100 100 -

|FE ARSE SE7t St WA oF a1esly
ArF oz HHlehE S IRl =E2AERY
(conceptual site modelll= HX o2 H7|SINT.

ol&=

2.3. s £ (Risk Evaluation)

2 szl AeE Z2ade vs MR35
(American Petroleum Institute, APT)OIA] A|Z}5le] A&
3= API's Decision Support System for Exposure and
Risk Assessment(DSS)O|t}. ©] 2 7310 HAZRA|A]
A" EYY F=E gl o2 Y 54 24
49 EEisiehd] AES ol 83l Akl ti7] S8
ofEshe de sk WHA, AFRALE T AT
TR B, Aslr, t719] x5 2 didee] ¢
S dlSshe WHS AR 4 Sk & AtellA] o]
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43 RHEA olsRdy 7t Hdlo] AMgE 8 vl
EES Table 39 FJsISith. &3 o|SE71s3 sl
sl ffalide] HAAriEE AS WA fEld 24
E4o] AEHA, 315 7Hx(decay)ys S| 28Ut

E Q5K drolA ASE =EAIGES Table 49} 2
o} A BFHATA(1995; 20010l AR
HEL FEUEe] Al tid =SATOIER olE §-
Aoz A3t =E3RIwe} 7L, o84 Bl uisl
Ae Hoieas 7Pl 7P & BEGERIE 3659
M, =271 304, o184 100%)yS tiYdslHom, 54
T FJHFE ARkl o 293 35S API DSS =&
oM Al Fshk= 7]1EZk(American Petroleum Institute,
1999y AH&3tAtt 7zt 249 JFREAAF= US
EPA(2000)°14] A-88l= DERMWINC ZHE doZ31%

)
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Table 4. Main exposure parameters and factors

Category Unit Submitted value References
Average body weight of a Korean adult kg 65 AMd el sP3FsdT4, 2001
Daily air inhalation of Korean m’/day 20 AMEtn 3Tl dTA, 1995
Daily water ingestion of Korean L/day 2 Mgt s3FslldT4, 1995
Daily soil ingestion kg/day 2.1x107 US EPA, 1996
Average body surface area of a Korean adult cm? 15,326 AAd el g4, 2001
Dermal contact coefficient mg/cm’ 1 US EPA, 1996
Skin permeability to inorganic substances - 0.001 US EPA, 1996
Table 5. Carcinogenic risks of soil by cadmium and lead in the target site
Soil Food Chain
Soil Dust Surface Soil Vegetables Crops Meats Fish Carcinogenic
Dermal Risk
Inhalation Contact Ingestion Ingestion Ingestion Ingestion Ingestion
A Cd 48lx 107 NA! NA! NA! NA! NA! NA! 481x 107"
Pb 3.85x 107  136x10°  139x 1077 NE? NE? 1.07 x 107 NE? 3.99x 107
A Cd 311 x 107 NA' NA' NA' NA' NA' NA' 3.11x 107
I 122x10%  112x107°  1.15x1077 NE? NE® 8.80 x 107" NE? 1.33x 107
g Cd 8I16x 107 NA' NA! NA! NA' NA' NA' 8.16x 107
Pb 239%10° 280x10° 287x10°* NE? NE2 220%x 107" NE? 267x107°
c Cd NE? NA! NA! NA! NA! NA! NA! NR®
Pb NE? NE? NE? NE? NE? NE? NE? NR?
'NA: Not applicable (No slope factor or pathway-exposure factor)
>NE: Applicable, but non-effective exposure pathway
’NR: No Carcinogenic Risk (or acceptable risk)
Table 6. Carcinogenic risk of groundwater by cadmium in the target site
Food Chain Water
Vegetables Crops Meats Fish Drinking Shower Carcinogenic
Dermal Risk
Ingestion Ingestion Ingestion Ingestion Ingestion Contact Inhalation
cd NA' NA' NA' NA' NA' NA' 5.62x10™ 5.62x10
INA: Not applicable (No Reference dose or pathway-exposure factor)
. DERMWING RAle] Siet7s) gale, 7)ol 3. 27 3 T
g AT T2 o83l ANFIATE A5k
733k sz2 oo} EOEETHA akoﬂ/ﬂ A= A 3.1. LfI5H = (Carcinogenic Risk)
ARG} S T EY AAFHFS US EPA(1996)2HE] o dEA oA 71 F ulelEds HEro] 9=
e G AHgsIlc. 9 QAR A A5} AE ATE WolH, A, Ac, B, C v‘“’ﬂ# AetsellA
LEA UellA] olejdt 215 L9H AsEgE Wi A} o] 2F°] edEH Ui LALN=E AlLFS] Table
@ 71ES Aol B2 A9, o) Augo) Al B1 59 6o eI H0EA 2, ARGelAE o] £
N8 He A9l O HAASES 220] fARE B BAo] BEuA Atk Baslse gl w4E 38
A\e) AEASINY HARERE Falo] AESAT  olga wolsd 4 Itk = o] AN Fk=F ofa}
(unpublished data). o] ¢to] st BHES (.1% FEolH, ol 23] ¢l
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3.2. H|&k2t2I3H| = (Noncarcinogenic Risk)
Hkfeles 11T 2k 3ks 7 7% Hdsit
1531k, Table 77 82 =AY, o, &7

Table 7. Calculated hazard quotients and hazard indexes of the target pollutants

Soil Food Chain
Soil Dust Surface Soil Vegetable Crop Meat Fish Hazard Tndex
Inhalation g:;zzi Ingestion Ingestion Ingestion Ingestion Ingestion

Cd 0.356 0.003 << 107 NA' 0.575 << 107 NE? 0.934

Cu NA' 0.013 << 107 NA' NA' << 107 NE? 0.013

Pb NA' 0.198 0.002 NA' NA' << 1073 NE? 0.200

A TNT NA' << 107 << 107 0.047 0.034 << 107 NE? 0.081
RDX NA! 0.012 << 107° 1.669 1.198 << 107° NE? 2.879
HMX NA! << 107° << 107° 0.021 0.024 << 107° NE? 0.150

Total 4257

Cd 0.23 0.021 << 107° NA! 0.964 << 107° NE? 1.216

Cu NA! 0.108 0.001 NA! NA! << 107° NE? 0.109

Pb NA' 0.163 0.002 NA' NA' << 107 NE? 0.165

Ac TNT NA' 0.006 << 107 0.803 0.577 0.002 NE? 1.388
RDX NA' 0.214 0.002 30.877 22.175 << 1073 NE? 53.269

HMX NA' << 1073 << 1073 0.033 0.089 << 1073 NE? 0.123

Total 56.270

Cd 0.06 0.007 << 107 NA' 0.323 << 107 NE? 0.390

Cu NA' 0.004 << 107 NA' NA' << 107 NE? 0.004

Pb NA! 0.041 << 107 NA! NA! << 107 NE? 0.041

B TNT NA' << 107 << 107 0.042 0.030 << 107 NE? 0.073
RDX NA! 0.004 << 107° 0.611 0.439 << 107° NE? 1.055
HMX NA' << 107 << 107 0.005 0.004 << 107 NE? 0.009

Total 1.572

Cd NE? NE? NE? NA! NE? NE? NE? NR’

Cu NA! NE? NE? NA! NA! NE? NE? NR’

Pb NA! NE? NE? NA! NA! NE? NE? NR’

C TNT NA' NE? NE? NE? NE? NE? NE? NR?
RDX NA' NE? NE? NE? NE? NE? NE? NR?
HMX NA! NE? NE? NE? NE? NE? NE? NR’

Total NR?

HI of soil in the total gunnery range 62.099

'NA: Not applicable (No Reference dose or pathway-exposure factor)

INE: Applicable but non-effective exposure pathway

>NR: No Risk (either for no available data or for non-effective pathways or both)
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Table 8. Calculated hazard quotients and hazard indexes of polluted water

Food Chain Water

Vegetable Crop Meat Fish Drinking Shower Hazard
. . . . . Dermal . Index

Ingestion Ingestion Ingestion Ingestion Ingestion Contact Inhalation
cd NA' NA' << 107 NE? 0.099 << 107 0.416 0.515
GW Cu NA! NA! << 1073 NE? 0.006 << 1073 NA! 0.006
Total 0.521
SW Cu NA' NA' << 1073 << 107 0.008 << 1073 NA' 0.008
HI of water in the total gunnery range 0.529

'NA: Not applicable (No Reference dose or pathway-exposure factor)

>NE: Applicable but non-effective exposure pathway
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