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Soil Investigation Strategies for Soil Risk Assessment

Seung-Woo Jeong'* * Youn-Joo An’
! Department of Environmental Engineering, Kunsan National University
’Department of Environmental Science, Konkuk University

ABSTRACT

The objectives of soil investigation in risk assessment of contaminated sites are to characterize the level and area of
contamination, and provide the important physical and chemical properties of contaminated sites for later exposure
assessment. This study suggests two soil investigation strategies to be considered in the soil risk assessment in Korea.
First, soil investigation for characterizing soil properties is additionally required to the current investigation method that
has focused on chemical analysis. Second, application of statistical concepts to soil investigation plan and soil data
analysis are required for confidential decison-making on contamination and determining the exposure soil concentration.
This study provides a practical soil investigation strategy to involve the current Korean soil analysis guidance with the
minimum sample number required for satisfying statistical limits.

Key words : Soil risk assessment, Soil investigation, Soil sampling, Soil contamination, Exposure concentration
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FHA =] T=AR AR EE Hrishe flaid
Hrie] ool tIFE Aotk vlF T AR o)y
S H7E 2AR §F 8A T EYREEE A
TE A5 =Y - 8313 A} (DEFRA and EA, 2002,
USEPA, 1996).

FEvERE 20059 LAES] HsPAS] € A7)
& A A s Ass =98] ARt
ot sg7ke] FAl= APGARDAG] fhste] FEA o
2 AAE 5 Qi) o g Eoked HXo digh 93|
dH71e] g AAE fEiMe S AR AseE &
A AL 2SS 7 7IRE AR, ol E
gz g fEid H7E AAE FE5E ZeAo] wEd
olF H3lA A= FFZRI S B IRS IRk
0F QARAZRA}L 7Y, =E2HU/RIAF F B3ted 3
7} ol gk A&2Q) 7)1 2 3-8 A7} o]FoA
o g}

SEbdE7 e A UIGAR], f3dER], 544571,
Ax=ZEH7}, el dgos FRET (USEPA, 1989b).
AHA FERIAIME QPER] 7, FERE,
AE =2 moksln EAAEE 7] Wrlski= Aoldh &
FAEL} HAE otele AL 7SS EYEAPTHY
Y 4 YA, o DAl SEAgErE 1% Yl
2R =25 E AR SsiAe Bt FAIFQ] AL
HhHo] gl wEpA B Aoae 7|8 EYFAL
WHTE el g7 AP Ee] Afols RSk, A
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2.1. 0|=9| BEZAL Ex}

vl=e] S Sl Re 7455 (National
Priority List, NPLAIOJE®] ™3t Remedial Investigation/
Feasibility Study(RI/FS) ©@AlolIA Ald=|aL it S84
W7k RUFS ZAFAIGNA 918l 571 52 9 i
dABK, g 73 B AR ARE ] BAs)
o RIFSS] shte] SAIZA Sl dd7IE s34k ]= st
31, RUFSEHAIIA $=808 ZAF A1ERES: vlgo g o]&
o] x| 9Si8H7IE G387 | SHHUSEPA, 1988).
RIFSEALS] Z7|THAIQ] B H1% 9 (scoping) 3]]ellA]
A7 @] B8 kA B =EAEE
o WA sk, ERlE =E24E 9 ZRE Higo
2 3l AF AlEAH TN, s TR R AR S
5o ASI=EE slal v} rl=e Sl g ks 1%
AmZA @ A ES R FHEA ¢al, RY
FSTHAlolX PofRl= Apa el ZAEAE nio= Slsid
B7HE Akl Slvh vs 1814734 (USEPA,
1989bll X% Apa3] W B A=A Aat 5ol oish
A 718S] RIFS Au W B @xApdl &
sh= Wigo] dii-zelolx, Bxe] FAIQl WHES o
wokAl ®dal glar, EAPEHe] FAIFRD AR Soil
Sampling Quality Assurance(USEPA, 1989¢c)S 315}
FYSHES A Aok olF o ZAAIPHEL
Preparation of Soil Sampling Protocols(USEPA, 1992)
22 wElo] AFgElo} A7 9k

2.2, YISHAMEIIA| B8t HEHx| SMXt=
e H 7 s RIFS B EQERAL 3 o

Table 1. Site specific data required for exposure assessment (USEPA, 1989b)

Media Parameters

o949 54 LY EFA AR 27, dEd 5 E, 9= 2, 29 A

B 07, AZRFE, pH, AL, FE2A, s, A ET, B SgEE, 358

A} TFEAY, TRIAEE@FHAE 2 ST AE H3, 5 o], $87]27], pH, ALERRIA 9], o=
7t A4
T FE A BT, AR, o], 249 B vE, 09 B B, B A1 ER S A B, S

i A, Bl E T8

AF A%, pH, A, $BAAE, s, 25, AR, SR8 EA, 75, 4], 250l s, Sl R =,

HA, F3], L7 Zol

A (sediment)  YAEE, 7713, pH, AE AL, S8

ks
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2} fsidszie] T A 9AQ] &3 md#A] ALE-
2 G vjR|AAe] gigt AHAIEE ol RSl 9
o} Table 12> 2t wjAlE 2} 7Fsgt wiA|QIA oo
(USEPA, 1989b). &4 $eluele] B9k 24} 9 3
71e] 73S 7F vjAE 99 T 2 HS 5o meke o
= A% oA AN ZF wiRQl EY H A5l
54 ol B3 BRFHL A9 o] FARA] ¢kl QU
webA] 215 Qg e SlEiMe oleh 22 g5l
2 QI tigk AP} R e ZloF vk
t}. 2eh Table 19] AAE ZE Azl thdk AR
E7Fseitt. vl=e] Aex A7REe] dFFApE dast
ARKE: ERFAIEE L] Bt T @FEE E Aol
7} = QIA}ol eiA= Default ValueS ARSIl Aot
2 fEURPIME =257 S88H FES vx=
AR djsl] A& A77F Badk Ao= vhckEct

2.3. 2L EQTA} dhy

TU EYFAL o R AAEHIL s EYERAA
AE7EH, 2001a), EFSEH7 A EEH, 2001b),
SHE L AZAL W HAET, 2005)°] ZF AP
o] e} Hal= Wi Ak AiE 22 AXE
FF7E 0 AFAL T HEAL ollMe A= Fid
gk M2 A7t AR Ut U] EYGEAL 53
7 FalEe o9 HE Feklal EYedUES
zIps=A]e] RS Adehe Fato] 7P T8 &
B3lar St} o] EYmAPPHTe] g 2 Aol 9
o] FAZAMA G M= AL - T ZE dlo]El U
3l SASH s wiedsle] AsAF e A 2 24
A ddhol] tigh AEdS grslal Qo

Egeldr e BERVERAAY [15322]5p00 ofs) A]-
EAAF = AP - T - 0] [AlsE A3E A
Qo] Rt ©hxe] 8¢l ol EYESIE At s1A
U A - 2 - o] [Al19% A3ahe] el <Jst
o] SLHEWNHAIKREE slad} ek 7ol L9=Z9]
TH 9 9%, T 3, Aol EXol8AE 1 vl
a3k ARRS aEsle] Bl EXY] edEde] <A}
ol mRI= el AxE Wriste] 1 AAE HsPd
91 2 AsA7] Soll Wigek=t] o8 5 k. eH1d
AP E BT 7ot QA oFt L HEYHS)
7t B7FsE 7S, EEAEIEE AAIE 5 A H
o] Stk A - TR} Hm AR - T - O] B
AFH7E AAslaAt ske 2RES R IAE 71E
Ecdzabdy 9 #AE Ve B AR} IS
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2.4. JISHMEILE 25 EYZTAL A& why

241 B w4 oR7s A4

Q=] EYRAMAY A 54 A B3 S
JEsle] FASHC R An|de AEAFNGTE 2
o, TAISH JAHERS B3l EYRLAARE FHH
o8 Frigte Holok 2@ W= EPA B 9= EAT
A 28 EG AlEAF e B BRI FEA e
A B 58 Ads = Y= Max testS ARESIAL ok
(USEPA 1996, EA 2000). ©] *H fsid%71E <130
Me 2] EFsEE A 98k AsAFAIES
g4 1 F9 shUESE A= Aok

Max test= OPdRXol| #g 71& 28 2 I A1Z
AIE o= sl T Al 7HA] F9oE FEEh
1) EFA7FsAe] v A9; 2) EGeHol 443 A
o=z deRl A|Y; 3) EYY 7FsAdo] = A, 8k
dgtoxde Ao Algte] B EF F =EY
= 984 o= 54 =) ofd A9 ARk
YEE® B 9JOoUF Max testol| e FXo] Zdt
A s o] Sl oy FHle] AEE &
sl HluA 12 QAEATEE Tl she EA
F AZWH (composite sampling)©] ©]-&F T} Max test
e EFIEANF A o8l S8E Hu EYRY
TR EYLAVES Hlasle] AR A AR S
AU SR AP a3 A4RE Adske
A =72 SEEIL St} olet 2 ARS flEMe
BAMHeR ou Q= AEANFH N 2 F{-E(error
rate)ys= Vg A3 AlSAFHAEe] FEfof gt

FeH Sl EYY EEA, AlEAFE 2

7, 24 &F Fol 23E ARY F deE=
USEPASIME B 3 of-go tist FEH9E
A9 5%A 15 27, Type 1 error, a=0.05)9} 319
20%A 2% 25, Type II error, p=0.20) HAZ 3}
of FAA A WPk Aok S Al LE=o] JARE
787 fvky sk FES s%E JA o, o
=o] YA AN e =] okl W FES 20%
2 A3l Stk ol9} e FHFES vigew
AR NEAH g B FHS AL Tt Table 2
© A7 tigk 1A WY F R o A
ol thsl Alslar Utk Max test= APE LF-80
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Table 2. 7 57124 o] o 3 A 53]

True
Decision
H, &5 EF1E23 H, 54 EPFx30hd)
H, A& EF1E27 Correct Decision (1-a) Type 11 Error (B
H, 717 EF7|E2ToPd) Type 1 Error (a) Correct Decision (1-5))
Q3 &3 A =2 =5 55 = Zl—a+Zl—B 2 7 _T
wet dagk EFARAF A5 Fsk 4 EFAET n2(——5——) +0.5Z,_,,D=5, M

7V 2 g 71EA9) Blaske] Qg wge

Max teste SFAIEAFTHOE G9IFAY diiE B
FLAFTEE o] LA wctol] AT ol AL,
AEAFAAE 9 F AEAF o] v B3sict
= ©o] Atk o] WHol ¥4 ] tisEAR] F=E
Aeiths adE7E BATe EsiARE At Al
NN =27 EAEANF W Tl Ao <9
H ARE asith meba] B Agtelile Max test]
o] ofefE Ao FASIAE, o] WA AASlaL
A= AF 278 a=0.055%) A2F 2FE p=
0.20(20%) #k EFAEANF AlY FHA] dubFoz o]
£ F e o= ddsie] B Alla &gslast
stk

242 13T ZAL AE

AW F7IE 915 EYSZA] WSS S-S o]
ol ASE SAAHL 299 FHe g 29Tl
AJo] L& 2|42l Upgradient/Upwind/Upstream®l] 333}
€ AGs o Z AEAiFH 2 E24o] ofFoixo}f gt
T Aol Adu2 ERE T AP el 2544
HAAG S FHE A9 AU E(minimum relative
detectable differencey’} QIA}=A] AREEA] Aot Aol
AEE EYLAE} w7 sEete] Aoz A= St
= EYAEEe i EEsto] Aot BEE AlEA)
AT Hod 5 AR ESLdEEs} i EE
o] zlo|7} ATk, E3ado] SrlsA € Zlol=E 1
RhE A ARAIR = ST Hh

N

43. BAE A8AH 74 A

BEFHR(s)9 FEHT(m)ER] HIQ1 WMEAIG(CY)
o} EYRAVIE v EEe] A= Aoju= vzt
(D= BAFgHoZ 97 AT 7o) AFAge ¢
=A)717] Yl D3 AlFe] gt @) o)¢ 7+
& WAE A (el D8l PR ATHUSEPA, 1992;
USEPA, 1989a).

5]

n=H2A87)4%(The minimum number of samples)

Zi.= AT EXS] A Fk [The percentile
of the standard normal distribution such that
P(Z=2Z,), a: AlIF 25 TE]

Zip=A2E5F SENMY -5 3k [Type 11 error,
The percentile of the standard normal distribution
such that P(Z=Z,,), B: A2F &5 T&]

T =74t 11 2 = (minimum
difference)

D = 3R = AT

CV="He AT [ETHRKs)/HE T (m), Coefficient of
Variation]

relative detectable

Table 28] 71l oigh o4 F3dstel Jephd niet
2ol 1o} 1-p= Al 12QF (@S Al 220F )] B
o] &<l Correct Decisiondl 3338l F -9 &&
olth. 2 (1) Ziy & Zige 2 108} 1-p] EHEolA
o] t X A otk

244, AFAPATE] AlEgk A4

7N mEETE AP EGZAAAA 7t
7 Ta3 Algolnt. fsiET e dYEHs A8t
<t ol VY =FF5rt BeslEE, APEs =&
FTee QERAY LAAEE 7P U F e whol
A7 =jofof sl7] wiZoltt.

IREARI =ZwEl] AHole =& 7IF T HEsH =
= 559 UlaE Higko|tHUSEPA 1989b). USEPAS
A A 2 BAEAERE HEHE LdEke
#Eo] Wi gdsla, ol #Eel 7 e B
go] Jermz, SPRMIEVEE S tEEEE Haitel
gk 239 95% AT FH(CLIS%)S i srs 2A
3laL Aok CL95%S 4] (2)9F 2o] B (myd} FFHA}
(s), BloTE ()t 2 E 8 7h(195%,dNCZ2 A 2PgH
tH(McBean and Rovers, 1998). 4IZ|5-7H(confidence

intervals or confidence limits)> U5 A|FEZHE] Hoj7]

o
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FEHT (sample mean)?} FEEFH2] (sample standard
deviation)ZFE] A EF] A (population mean)©]
dold 4= U= WS A Bolok wEbA 95% Al
TRE e 4] gold FAEYS] Ry JEREd
2 95%0l] 3Fsk= o] ¢k ool SR Sjnoltt.
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3. 2SHEEIIE 2I8t EL=AL ot

St ERPRAYNE EYeETHTES =
Fsh= Aol el EFFDRALS ANeeE 78k
Ak, AL ARV FAF Al - =R E AR
AL Fels FRslior she A, HEdErE AX A
A7) 2 HIE AT 4 ok we F 7R A
7} e 4= Qrk

A= AL AR T SIS AAlshes 4
o, EAl= AURARL SJEdE7E Sl AAls)
£ 739oltt AAE 299 AURAE o] AA|
S0, FeHQdS o]aE 4= gl= Zdfolth AERA
A7}, A B9 2 B Aax= 7ol ois)
AJS A & ge A AT = Ao o9 2
785, o1% Aslel tigk AJo] Az H7FE 4 Aok
A 7B, LEEAT BEREE 9ol 2dRA7t
AR 2F77ALD 7ol FL2AL FA7E AREAE 2
9t} 99 F A9 £ 2ol ALRAFATE ofn)
7HAAL = 739 LA AASior she 9ot
weba] JEAdE A, A WA B9 7] Al gdx
Al ARE FE8] ZEslE Hkle] 7 &&A Sl
H7F wolet AZtETE 7 WAl B9 AURAL AlE
Al 233719l AR EdAAIES Siske Ao
7P EEAQ1 4 Wikleole} kT £ delxe 9
7S 9% Hxe] BEYAES S5k AR
7189 EFYLZARE 2 Wiy AAlsl AgS 4
Hale 2o 7P o)zt Adsisitt. 18EE 95
P7LE IS BRI A, 7] T 7R A
2 FEsle] EFERAIAA U8 A EYERAM
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NEZALE AAel] EYL GRS FAlskslaL, SAIs
2 Aot Feelke AlEAFNTE 2Hsl] S8, 1%
ZAEAERE EYLAEE HEAGCVE A
o} 9 =53 AIE 042 F831e] BAIsHc R
o Q= ARAFANGTE = & Utk =5 AE
ANAMNGe} BEFGEZAL AR oJsf] AAJsteol k=
AEAFANGe} vlaste] SAISH Als 7707 Bt
W, EGHURAA] old dFsl= AlEAFHAGS 9
4 AS Aol

Fig. 2 EFGIZAL Aol o) 294 A A
ZAPAAE AfFHelor ke AlETlge] THES TAIG
ot FUzAlAA = H7IEEAGY 7[EA
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