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ABSTRACT

Permissible soil concentrations for explosives (i.e., TNT and RDX) and heavy metals (i.e., Cu, Zn, Pb, and As) heve been
derived from human risk and ecotoxicity, respectively. For TNT and RDX, human risk based-permissible soil
concentrations were determined as 460 mg-TNT/kg-soil and 260 mg-RDX/kg-soil. Ecotoxicity based-permissible soil
concentrations for Cu and Zn were determined from species sensitivity distribution (SSD) and uncertainty factor of 1 to 5,
yielding 18.0-40.0 mg-Cu/kg-soil and 46.0-100 mg-Zn/kg-soil. For Pb and As, ecotoxicity data were not enough to
establish SSD so that a deterministic method was used, generating 13.8-30.8 mg-Pb/kg-soil and 2.10-4.60 mg-As/kg-soil.
It is worth noting that the methodology used to derive permissible concentrations in soil can differ depending on
ecotoxicity data availability and socio-economic situations, which results in different permissible concentrations. The
permissible concentrations presented in this study have been derived from conservative assumptions for exposure
parameters, and thus should be considered as soil standards. In the light of remediation and pollution management of a site
of interest, the site-specific and receptor-specific permissible soil concentrations should be derived considering potential
receptors, current and future land use, background concentrations, and socio-economic consultation.
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Table 1. Exposure parameters based on domestic-specific characteristics used in this study

Parameter Definition Unit Value References
LT Life time Years 78.6 Jang et al., 2007
ED, Exposure duration (residence) Years 25 Jang et al., 2007
BW, Body weight (child) Kg 15 Jang et al., 2007
BW, Body weight (adult) Kg 62.8 Jang et al., 2007
IRS, Soil ingestion rate (child) mg/days 300 Jang et al., 2007
SAge Soil contact skin surface area residence (child) cm?/day 2,571 Jang et al., 2007
SAga Soil contact skin surface area residence (adult) cm?/day 5,517 Jang et al., 2007
SAgw Soil contact skin surface area (industrial) cm?/day 3,177 Jang et al., 2007
SAqc Groundwater contact skin surface area residence (child) cm’ 6,563 Jang et al., 2007
SAqa Groundwater contact skin surface area residence (adult) cm’ 17,084 Jang et al., 2007
Un Annual average of wind velocity m/s (\izlciio:t ;f: 1328 KMA, 2014
Pb Soil bulk density kg/LL 1.6 KMOE, 2015
Ow Water porosity Unitless 0.16 KMOE, 2015
pH Soil pH Unitless 6.4 NIER, 2014b

Table 2. Deterministic method for the derivation of HC5 and HC50 suggested by Dutch RIVM

HCS

HC50

Toxicity data requirements ~ HCS5 derivation method

Toxicity data requirements

HC50 derivation method

Short-term toxicity test (s)  Minimum of LC50/1000

NOEC (or EC10) for one

long-term toxicity test NOEC (or EC10)/100

NOEC (or EC10) for two
long-term toxicity tests

Minimum of NOEC
(or EC10)/50

NOEC (or EC10) for 3-9
long-term toxicity tests

Minimum of NOEC
(or EC10)/10

NOEC (or EC10) for one long-term
toxicity test

NOEC (or EC10) for 2-3 long-term
toxicity test

NOEC for at least 4 long-term toxicity
tests (distribution of NOECs is log-
normal distribution)

NOEC for at least 4 long-term toxicity
tests (distribution of NOECs is not log- Geometric mean of NOECs
normal distribution)

NOEC
Geometric mean of NOEC

Mean of log-normal distribution
using NOECs
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Table 3. Application standard of Assessment Factor(AF)
according to available toxicity test(s) suggested by NIER(2014a)

Available toxicity test(s) AF

One acute toxicity test (one trophic level) 1,000
Three acute toxicity tests (three trophic levels each) 100
One chronic toxicity test (one trophic level) 100

Two chronic toxicity tests (two trophic levels each) 50
Three chronic toxicity tests (three trophic levels each) 10

49 - 327
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TolAE ﬁ%“%}ﬂ%ﬁﬁﬂ EERERIRIBIEE 242t 107
“’]’ 1= 4 —5]'04 EOMO 04—3 —J—EO]'—J—, l:r‘ %‘E %:
B FEE QAR TNt Eobﬂ sE=2 274385t
TNTS] M 71 B85 960 mg-TNT/kg-soil,

HERQMIe 7|kt Eke)E-5 % 460 mg-TNT/kg-soil
2 EZHo] A9 7]‘?} FE e HETHORE

460 mg-TNT/kg-soil® 2 AA=TE. RDXE M3 719t

EFs8srel niiehy 7Iek B8 EE 27 260,

2,300 mg-RDX/kg-smL_.E HE == JAIEA 71Nk
B85 E+ 260 mg-RDX/kg-soilo]t}.

2 ﬁ:ﬁ’ﬂ/ﬂ =35 QARSI TN EYS e sEE
v, vt 5 FelellA Alkbelal e EYEE-s=9t
B3l HQITH(Table 4). V=135 (USEPAPIIA Al8-3t
= AAL3NA 719F ‘Regional screening level ol A&
TNTS} RDXOl| thet EYS8-sEE 22 96 mg-TNT/
kg-soil, 28 mg-RDX/kg-soil2 AA3}aL UTHUSEPA,
2015a). 28]l H]==15(United States Department of
Defense, USDoD)l|X1= TNT2} RDX & 3}kl thsl
MRSPP(Munitions Response Site Prioritization Protocol)
comparison valuesE A &3}l JATHUS Army, 1999,
US Army, 2009). MRSPPE Ewtel HEX9 3jokf o
slepito® e ARNTAY 89 s 4
3] 913t TREFS Wi}, o] TR EZAM= glof
o ERP7IES TARRAY LEEEE Hlashks 3
AS Axled], o] W ERBPEIEoE AMeE= w57t
MRSPP comparison valueso]™, TNT®} RDX Z+zt 31
mg-TNT/kg-soil, 180 mg-RDX/kg-s0il2 EUFFHEFEE
AAlstar ok =S Jfutt BE R A% Canadian
Military Traning Soil Quality GuidelinesS 53l L H\H
TAREA] tigt BlekR 18-s =5 TNTS} RDXO thal
Z}Z} 41 mg-TNT/kg-soil, 250 mg-RDX/kg-soilZ #l|A]}
3 Jth(Lachance et al., 2008). ¥ AGolA ==3 3}
ofFe] EYSREEE v, Ut 5 =elollA Aljkst

Table 4. Comparison of risk assessment-based permissible soil concentration in each countries

Permissible soil concentration

Permissible soil concentration of other countries

Explosives b.ased on r?sk assessment USEPA regional screening USDoD MRSPP comparison Canadian military training
derived in this study (mg/kg) level (mg/kg) values (mg/kg) soil quality (mg/kg)
TNT 460" 96" 31° 41"
RDX 260" 28" 180° 250

*Permissible soil concentrations based on carcinogenic risk

**Permissible soil concentrations based on non-carcinogenic risk
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Table 5. Permissible soil concentration range based on ecotoxicity of heavy metals derived by RIVM method

Permissible soil concentration based
on ecotoxicity derived in this study

Toxicity information

Derivation method for

Eﬁ;?;z (mg/kg) permissible soil
. . concentration
HC5 HC50 Perm1531ble. soil Toxicity test requirement References
concentration
Cu 14.0 113 18.0-40.0 4 taxonomic groups, 23 species USEPA ECOTOX database SSD
Zn 59.5 177 46.0-100 3 taxonomic groups, 16 species USEPA ECOTOX database SSD
Pb 1.96 484 13.8-30.8 3 taxonomic groups, 7 species USEPA ECOTOX database Deterministic method
As 1.00 220 2.10-4.60 1 taxonomic group, 3 species =~ USEPA ECOTOX database Deterministic method
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Table 6. Permissible soil concentration range based on ecotoxicity of heavy metals derived by NIER method(2014a)

Permissible soil

Derivation method for

Heavy concentraion Toxicity test requirement References permissible soil
metals .
(mg/kg) concentration
Cu 14.0 4 taxonomic groups, 23 species USEPA ECOTOX database SSD
. . USEPA ECOTOX database; van Beelen and

Zn 756 4 taxonomic groups, 20 SPECies gy o Kemila, 1999; Hsicha et al., 2004 55D

Pb 1.96 3 taxonomic groups, 7 species USEPA ECOTOX database Deterministic method

As 0.31 3 taxonomic groups, 6 species USEPA ECOTOX database; Johnston, 2000; Deterministic method

Greenslade and Vaughan, 2003
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Table 7. Comparison of ecotoxicity-based permissible soil concentration in each countries

Ecotoxicity-based
permissible soil

colncent.ratlorll Permissible soil concentration of other countries (mg/kg)
derived in this
Heav Background
metal)s/ study concentration
_ (mgke)  (mgikg)
USEPA (Eco-SSL) Canada (SQGg) RIVM
RIVM NIER - icul- iden- -
Plant Invertebrate Bird Mam- - Agricul ReS}den Corr}mer Industrial V' MV?
mal tural tial cial
Cu 18.0-40.0 14.0 15.3 70 80 28 47 63 63 91 91 100 54
Zn  46.0-100 7.56 54.3 160 120 46 79 200 200 360 360 350 200
Pb 13.8-30.8 1.96 18.4 120 1,700 11 56 70 300 600 600 540 210
As  2.10-4.60 0.31 6.83 18 - 43 46 17 17 26 26 76 27

'Intervention Value
Maximum Value
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