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ABSTRACT

Pollutants such as heavy metals and explosives originating from the military operational ranges can be migrated to
adjacent surface water body or offsite soil, and can affect to local residents and aquatic ecosystem. Therefore, Korea
Ministry of the National Defense has established various guidelines for environmental management including the
installation of pollutant migration prevention facilities (PMPFs) and monitoring methodologies for heavy metals in the
operational range soil and effluent and sediment of PMPFs. However, current guidelines neither address the explosive
compounds such as 2, 4, 6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) nor suggest detailed
environmental investigation protocol. This paper introduces the new “Environmental Management Manual for Military
Firing Ranges”, which includes the environmental criteria for explosives as well as the detailed investigation protocol for
the affected environmental media including soil, effluent and sediment of PMPFs.
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T AP, A o AR R SARE 7 AREANA
T2 BAEe sl EZolti(Clausen et al., 2006;
Hewitt et al., 2007; USEPA, 2012). TNTS] <14
o] ERIFRA] A9k7] whFoll =A|RA7]7(World Health
Organization, WHO)2] =A< (International Agency
for Research on Cancer, IARC)OIA= TNTS U=
Ag2 ®7] ofgua FASHHIARC, 1996). ¥FH, TNT
o =g A FlAA Raste] WS Aeo] Skl
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(possible human carcinogen)® -F3HHUSEPA, 2014a).
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Installation and Operation of Pollution
Migration Prevention Facilities (PMPFs)
Regular sediment Regular effluent
concentration inspection of concentration inspection of
PMPFs (Conducton May or PMPFs (Conduct on May or
June (annually) June
Reuse the sediment as N Exceed the Exceed the
onsite soil at the 2 soil standard effluent
operational range for “3" Area? standard?
The sediment can be reused
after the completion of R R
diment remediati : - ]
(eanip vl sondor e e o™ T stgatonof o s
for,"3/Area’) Yes Reuse the additional PMPFs
sediment a3 < erform onsite soil migration
onsite soil? prevention activities
1f explosive concentration of If soil concentration ex‘(eed théjso\\
_ _ _ R st s standard at the points where >30 m
Dispose the sediment as construction : e apart from the boundary of the
waste or controlled waste in accordance | SO standard for *3" area, operational range
whether the extraction concentration | then remediation should be
exceeded the extraction standard conducted before the
dbposel i stardird Offsite soil remediation | Remedial investigation of |
fesanup evctsailstancan (Cleanup level: soil standard) onsite soil
for “3" Area”)
Standard Explosive Heavy metals * If surface water body exists
Soil standard Permissible concentration of soil Worrisome level of soil near the operation range, surface Exceed the No
contamination contamination water body investigation should be soil standard
y - — " conducted to identify whether the for “3" Area?
Effluent standard C_oncentrat\on for permitting Standards for permitting discharge water body received the Establish risk
discharge contaminants generated from the magf?:g:::d‘;la"
Extraction Hazardous substance level included operational ranges X N .
standard - in the controlled wastes Onsite soil remediation
Fig. 1. Environmental management scheme suggested by the ‘Environmental Management Guideline for Operational Ranges’.
Table 1. Investigation and analysis method of contaminants in various environmental media at operational ranges
) ) o Analysis method
Environmental media Investigation method -
Heavy metals Explosives
Effluent of pollutant migration prevention facilities KMOE, 2015a KMOE, 2015b ISO, 2009
. . N . e KMOE, 2013c
Sediment in pollutant migration prevention facilities KMOE, 2014 ’ ISO, 2013
P gration p : KMOE, 2015¢ ’
. . . KMOE, 2013a
Onsite and offsite soil ? KMOE, 2013c ISO, 2013
KMOE, 2013b ’ ’
= = A=) A = >~ = = = =]
ol HAE HAE W LEEE s PHENE EY APIANE W] HiEE 8 s s E=ESIT Y,
4 F71E E471%5S 283IHKMOE, 2013¢; KMOE, T AP L A PIRIA ] A EC] TNTH RDXE
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Table 2. ‘Permissible concentration of soil contamination’ for
2,4,6-Trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) suggested by the ‘Environmental Management
Guideline for Operational Ranges’

Permissible soil concentration (mg/kg)

Contaminant
“1” Area “2” Area “3” Area
TNT 25 460 460
RDX 48 260 260

A% (incidental ingestion of soil), B IH-5Z(dermal
contact with soil) % 4] HIXFIA] 5§ (outdoor fugitive
dust inhalation)°|t}. 1A QJFI= 7]t B A8
= Al FAAY =2AG 71EgES ARSI,
329 fJBle 7Rk 8w == Alodle HIFA
SAT 71Eiks ARSSISlTE BEgh, EF HEE
Al d3 EYdEE S drEE F8
e} E3nEkeEl=E 242t 1
T ESL A8 B fal AR 5
27 2 2AG 9 LE9Ed SRRE AV AEE
Table SI, Table S2 & Table S3)oll FEAF} 3
LER o, oF o] &sl == TNT9} RDXS] 1, 2,
3R] Bk 93]-8-5 = (permissible concentration of soil
contamination)= Table 29} 2t} TNTS 79 H3EH[Y
AL 12 AASINS W EYLHS &7 =3k
HRBIESE 1072 AA5As WY EYLHsEss
B}l 9by] wjFol| Table 20 MAIE TNTS EQked
85 HIEREEel 7] =FH gx|ot). vk
=, RDX®] 749 HE3RBEIEE 10°2 AA8HHs
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Ao} WleY Tl SAEANE o] TREE, T 4
AZAR F Fe FRAZANL QASINE 7 52
AR} ek o] W BIEUSLSISIEe} BN
g 77k 1079 12 ARHAHEHIARL, 2009)
A

7] WS o838l =3 TNTSF RDXQ A=
718t =AFEAX] (water quality criteria - human  health)y=
Table 33} 2t} 713 EY A 8=} riRPIAZ

TNTS] 739 E3pRRIRBI=E 12 AAsiNs o 2
FAAZ} BIGES 1072 AHEIHE we] £4
TAREG Ggl7] wliEol] Table 39 WAIE TNTS] &=
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o FAEAA} SRHTGEES 12 RIS o
o FHAFAXNEY $9k7] wiFol Table 30 HAE
RDX®| FHFAXE dfslizel 7Rkl =29 53
ojct.

s, FAEISA 7 FEFEAXE HA 9] A=
e BF aselRe, FEFeET, AET, 7IE
TRlA Hi: T MR OE FUE T FE%EE
(no observed effect concentration, NOEC)E ©]83l] &
W7 B3 2 (species  sensitivity  distribution, SSD)2
TZ3}aL, SSD ZdellA 95%S] AEES HEE 5 e
T T2 AAEhEHEEEAH, 2009). weF =
WSl gk v =R HE5 Alolls 7] a0 &
T8 2FolA Ha Y AR e SlE J48 5497
BE ]3] SSDE =Z3}aL, SSD AlA 95%2] HE
TE Hod 7 e 7Y sEE S T
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USEPAYIA AREshH= FAJEISA TRFARE <1-83)
TNT9} RDXY FAEHEA F2F7 X (water quality
criteria - environment)S A3} TH(Table 3).
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Table 3. ‘Water quality criteria’ and ‘concentration for permitting discharge’ for 2,4,6-Trinitrotoluene (TNT) and hexahydro-1,3,5-
trinitro-1,3,5-triazine (RDX) in the effluent of pollutant migration prevention facilities suggested by the ‘Environmental Management

Guideline for Operational Ranges’

Water quality criteria (mg/L)

Concentration for permitting discharge (mg/L)

Contaminant - -
Human health Environment “Ga”, “Na”, “Designated ” Area “Clean” Area
TNT 0.01 0.1 0.1 0.01
RDX 0.007 0.36 0.07 0.007
ZAHZIHNIER, 2009). & AP ddE] A3 oA FHE 7Fso] =& B¢ L9Ede] FH FAE 79
AAE TNTF RDXS] 7F, o, SR viEs] 8% HAEA] FRIshs ZALE AAlstedof gt o Al
(concentration for permitting discharge - “Ga”, ‘“Na” and e 73 Al AEFHQ] BEAN=EE Q8] & AFEA Ui

“Designated” Area) SA] TNT} RDXS] FAFAX|o]
108 #3F X2 AARAEYL, ARG vi&Ss]Es=
(concentration for permitting discharge - “Clean” Area)v=
7h o, SHAY FEEARE 1002 U goeE 24
| ATH(Table 3).
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Supplemental Materials

Table S1. Equations for the derivation of ‘permissible concentration of soil contamination’

(1) Permissible concentration of soil contamination for “1 Area” (PCSC,s)

Exposure . . . .
p Carcinogenic effect Noncarcinogenic effect
route
Soil TR><LTx365(d:2;SS) THOXED,, x365(dayss)xBW‘
ingestion PCSCreA\'—ca—ing 6 k PCSCre.\'—nc—ing: 1 6 k
SF,xEF,xIFSx 10" ( g) x EF xED. xIRS.x10" (—g—)
N RfDo r re c mg
Dermal TRx LTx 365( de‘gl) THOXED, x365(d“y*)xBW
v,
contact PCSCre.v—Ca—der: F l(g PCSCre.v—nc—der: 1 6 k&
with soil ( ) ——— XEF xED, xABS,xS4 x1 ’( )
ABSGIXEF xABdeDFSXIO o RfDOXABSGIX XED, xABS;xS4,,x10 g
All 1 1
routes PCSCres—ca™ 1 1 PCSCresane™ 1 1
SLre.v—ca—ing SLre.v—ca—der SLre.v—nc—ing SLre.v—nc—der
Final .
PCSCres PCSCreX = Mln(SLre.\'—ca’ SLrex—nc)

(2) Permissible concentration of soil contamination for ‘2 Area” and “3 Area” (PCSC;.q)

Exposure . . . .
);f)ute Carcinogenic effect Noncarcinogenic effect
. TR><LT><36S(M)><BW THQx DE, 365(d”ys) BW
Soil years a ars a
ingestion CSCmd ca— mg k PCSCmd ne— mg 1 k
SF,x EF;x ED,;xIRS,x 10~ ( g) x EF,x ED;xIRS,x 10" ( g)
mg RfD, mg
Dermal TRxLTx 365( d‘;yr:) xBW, THQxED, x365(d”yi) xBW,
A ars.
contact PCSCmd ca—der — 5 PCSCmd ne—der — 1 6( kg
with soil EF;xED;xAB A;x AF;x 1 ( ) ———— XEF,xED,xABS ;xSA.x 10" (—)
ABSGIX X X ABS ;% SA4;x x10 g R/D, = ABS,, i i d i mg
All 1 1
routes PCSCin-ca™ 1 1 PCSCresne = 1 1
+ +
SLind—ca—ing SLind—ca—der SLind—nc—ing SLind—nc—der
Final
PCSCing PCSCmd - Mm(SLmd ca?SLmd nc)
(3) Supplemental equations
Factor Equation
S ED, xIRS, (ED-ED,)xIRS,
BW, BW,
DFS ED, x84, X AF,, (ED—ED,)xS4,,xAF,,

BW, BW,

a
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Table S2. Default values used for the ‘permissible concentration of soil contamination’ (PCSC) derivation

Factor Definition Unit Value  Source
PCSCie PCSC for “1 Area” mg/kg - -
PCSCinq PCSC for “2 Area” and “3 Area” mg/kg - -
PCSCresca PCSC for “1 Area” for the carcinogenic effect mg/kg - -
PCSCresne PCSC for “1 Area” for the noncarcinogenic effect mg/kg - -
PCSCingca PCSC for “2 Area” and “3 Area” for the carcinogenic effect mg/kg - -
PCSCingne  PCSC for “2 Area” and “3 Area” for the noncarcinogenic effect mg/kg - -
PCSCies.caing PCSC for “2 Area” and “3 Area” for the carcinogenic effect - soil ingestion mg/kg - -
PCSCres.cader PCSC for “1 Area” for the carcinogenic effect - dermal contact with soil mg/kg - -
PCSCiesnc-ing  PCSC for “1 Area” for the noncarcinogenic effect - soil ingestion mg/kg - -
PCSCresneder  PCSC for “1 Area” for the noncarcinogenic effect - dermal contact with soil mg/kg - -
PCSCingcaing PCSC for “2 Area” and “3 Area” for the carcinogenic effect - soil ingestion mg/kg - -

PCSCingcader PCSC for “2 Area” and “3 Area” for the carcinogenic effect - dermal contact with soil mg/kg - -
PCSCingncing PCSC for “2 Area” and “3 Area” for the noncarcinogenic effect - soil ingestion mg/kg - -
PCSCiygneder PCSC for “2 Area” and “3 Area” for the noncarcinogenic effect - dermal contact with soil mg/kg - -

TR Target risk unitless 107 1)
THQ Target hazard quotient unitless 1 1)
SF, Oral slope factor (?f}{k)_%- Table S3 2)
RfD, Oral reference dose mg/kg-day Table S3 2)
ABSg Fraction of contaminant absorbed in gastrointestinal tract unitess  Table S3 2)
EF, Exposure frequency - residential area (“1 Area”) days/year 350 2)
EF; Exposure frequency - non-residential area (“2 Area” and “3 Area”) days/year 250 2)
ED, Exposure duration - residential area (“1 Area”) years 25 3)
ED, Exposure duration for children - residential area (“1 Area”) years 6 2)
ED; Exposure duration - non-residential area (“2 Area” and “3 Area”) years 25 2)
LT Lifetime years 78.6 3)
BW, Body weight - children kg 15 3)
BW, Body weight - adults kg 62.8 3)
IRS. Soil ingestion rate - children mg/day 300 3)
IRS, Soil ingestion rate - adults mg/day 100 2)
IFS Age-adjusted soil ingestion rate mf;g:}r]s/ 150 -
ABS4 Fraction of contaminant absorbed dermally from soil unitless ~ Table S3 2)
SA. Skin surface area that can adhere soil - residential (“1 Area”) children cm*day 2,571 3)
SA. Skin surface area that can adhere soil - residential (“1 Area”) adults cmz/day 5,517 3)
SA; Skin surface area that can adhere soil - non-residential (“2 Area” and “3 Area”) adults cm?day 3,177 3)
AF,. Soil adherence factor - residential (“1 Area”) children mg/cm? 0.2 2)
AF,, Soil adherence factor - residential (“1 Area”) adult mg/cm2 0.07 2)
AF; Soil adherence factor - nonresidential (“2 Area” and “3 Area”) adult mg/cm? 0.12 2)

1) Target risk described in Korean Risk Assessment Guidance for Soil Contaminants
2) USEPA, 2015, Regional Screening Table (http://www2.epa.gov/risk/regional-screening-table)
3) Derived by statistical treatment of the data described in Korean Exposure Factors Handbook (Jang et al., 2007)
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Table S3. Toxicity data of 2,4,6-trinitrotoluene (TNT) and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) for the derivation of
‘permissible concentration of soil contamination’ (PCSC)

Explosive SF, ((mg/kg-day)™) RfD, (mg/kg-day) ABSg; (unitless) ABSy (unitless)
TNT 3.0E-02 5.0E-04 1 0.032
RDX 1.1E-01 3.0E-03 1 0.015

Source: USEPA, 2015, Regional Screening Table (http://www?2.epa.gov/risk/regional-screening-table)
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