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Human Health Risk Assessment Strategy to Evaluate

Non-carcinogenic Adverse Health Effect from Total Petroleum Hydrocarbon

at POL-Contaminated Sites in Korea

In-Sun Park - Jae-Woo Park*

Department of Civil and Environmental Engineering, Hanyang University

ABSTRACT

Human health risk assessment for petroleum, oil and lubricant (POL) contaminated sites is challenging as total petroleum
hydrocarbon (TPH) is not a single compound but rather a mixture of numerous substances. To address this concern,
several TPH fractionation approaches have been proposed and used as an effective management tool for the POL-
contaminated sites in many countries. In Korea, there are also recognized needs to establish a reliable and cost-effective
human health risk assessment strategy based on the TPH fractionation method. In order to satisfy the social and
institutional demand, this study suggested that the comprehensive risk assessment strategy based on a newly modified
TPH fractionation method with 10 fractions, the Korean Standard Test Method (KSTM)-based analytical protocol and a
stepwise risk assessment framework should be introduced into the domestic contaminated land management system.
Under the proposed strategy, POL-contaminated sites can be effectively managed in terms of human health protection, and
remedial cost and time can be determined reasonably. In addition, more researches required to increase our understanding
of environmental risks and improve the domestic management system were proposed.
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A R LAUMAE FE gAY sk el
Q. H¥ A (orphan sites)yE OO 2 Al EFl, oddl
A, A1 (benzene, toluene, ethylbenzene, xylene: BTEX)

59 i R 7R, | 0] B A FEsel Ui

5 A0 THEET, 2009a). e £ AR
9 71x] Yed AA1E-A(risk indicator compounds)iHS-
FeE il s B AA FRLEAGY] F8 9=
Rl A f-AF a2 (Total Petroleum Hydrocarbon:
TPHEFE Y] 17 FaFs Hrishs ek of s1e5
AR R AFelth AA| U] LAESS AR,
EAEGL G AL et QA=A 2 Ve
Z3 ARIAOIMY] 23} QGEAL UIRE fF
(TPH, BTEX)O = ZAERAIL, AlardA 2 wle-PdA|g
X2} TPHO| F=rt d=gde] Tl Eok= 5 v
& T WAL e AeE HAIEsL ek @ET,
2009b). &, = EXL Y Fa €<lo] TPH ¥
BTEX 59| 7 8t ope} TPHOl| 28+ 29E4d
o] QA e AEA(biota)ll F49S YR &= 37 o
ol (Jonker et al., 2006; Rowland et al., 2001; Van
Gestel et al, 2001), BTEX ¥ T3 22 dd &
A FA TPHE] =20l 93 Hsliids #shzolal e
Zog Hrie ¢ e Wk o] dagh Aot

TPHE ¥Zl(alkanes, paraffins), & (alkenes, olefins),
Alo) & 2 &7 cycloroalkanes, naphthenes) % ks
(aromatics) 35S & R 227 PAH EFEEA
(TPHCWG, 1998b; API, 2001) © E=o] oR]r] uwj
ol TPHERE] WEe fslide A3z os kst
AL v ogrt. fiel X mE sREY] T
&) - 318 Aol delA A ek B W ofet
#HA drt slulEls BE sfES A8 WrklkE
& 7% 2 AAAc R BErlssith A4 AaFol
g FEE 3¥E T B - 38k 540 19
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(KU C. U S R A=

2, 88l B AESH Eel 59 S8 (weathering
process) ot] FEE el =8 -38k 2o &
2}A]7] w0l 71<&#(gasoline) B T (diesel )}
AEFr(whole product)s ez 3+ fJsldHrt Tk
AglslA] rhar g 4= ITHTPHCWG, 1999),

wep] 2 Aol il §RedAIelxe) TrH)
ot njke) YJejile aFF o T HISlaL o]F njpgko.

FYHoR WP AFODAG Bt A

TPHE tldo 3+ vt QAR RIS st
vl dolx] el EARS slEs] S8kl TPHE 2
7 e E WAl A IS 9 AR (st
of fslide Brishks Wl TPH 7HE-EH(TPH
fractionation approach)®] ¥V]= WALFEAMZ= AR T
(Massachusetts Department of Environmental Protection:
MaDEP)eA] #2- A|F=]ATHMaDEP, 1994). TPH %t
Rl ARl tigk Al#e w2 JRE 283t
AAE TPH o] 1HAgks: A4 4 Sl dRls
7HA3L 907] Wl (Brown et al., 1999) v|= 2 =S
HIEEE 4 ofe] delxe o] WPl 7RISk $js)/d%
THIEE 7 QHESY #HAF &8sk Y
(TPHCWG, 1999; CCME, 2008ab; Ascary and Pollard,
2005; RIVM, 2001; Ministry for the Environment,
1999). o] & FHOoZ AT+ HwhHo] TPH Criteria
Working Group(TPHCWGPIA] AQHet Wiy o g o] v
e AeHA SRelN 71 deFolal AuskAl vl
7] wiol Aveh, vUides g gEAsAN =
TPHCWG WHE A5 74351 871 (fraction)2] &

T

TR B 58 ¥’ afe] TPH 7Y
S e}
=

2.1. TPH Criteria Working Group (TPHCWG)
TPHCWG= 2. 9Ed9]
carbon(EC) numberS HIH©.2 TPHE 13719 aliphatic
2 aromatic fraction®E Wi 7+ fractiond] 8] - 3}
S 5 0 SANE 298] ARl BaSE

o554 9 equivalent
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PRS- 710kSATHTPHCWG, 1999). ©F 1802 7He) #
F 3}5t=ol Ui leaching factor(LF) & volatilization

factor(VF)E 8kil 2t QIAFE3 EC number2}e] 738
AE EEF F o) vEeE ZF LF ¥ V7L 10817
| WHohs e 8ot 42| fractions ASIATH
(TPHCWG, 1997a). TPHCWG WHHolME dul ghage
7} obd EC numberZ BFEOZ fractions WrSleH
ol EC number} #73°149] 33HE As LM

Aol =Ho] 7] wfEo|tHTPHCWG, 1999). EC
numbers =TI B e eI znfE Ty

(gaschromatography: GC)oA19] AFAITEe R wFEsE
B E Wb, YukA o2 EC number’} E718H| w}
2 eH=Ho e Bt
(TPHCWG, 1997a).

fraction?] 21 -3}sld EAJS

st 2

1997a). THE, aliphatic EC21~35 7-7t2]
Z fF ST 540 v Asvt REd

BRI - )

Uzt Y= 7] wjifol aliphatic EC16~21 17k
Ppfete] Zhzke] EARE EEIACHTPHCWG, 1997a).

TPHCWG fraction®] Ul FAXc EdAs AR}
SAAFES B3] A3 surrogateES 7351 surrogate
9] EAdF1X](reference dose and concentration: RfD
and RfC)E Z} fraction®] FAA7o= AE3lAut
(TPHCWG, 1997b). ©o]®] Z} fraction®] RfD % RfCE]
oF 135719 ol Wi opwbd B wHYEA
(subchronic/chronic toxicity), Y4285 (reproductive/
developmental toxicity), S5-d(immunotoxicity) % Al
7= (neurotoxicity) AHE2S 8310, 53] & 3}
A S Hule S5 Uid SAEAEE
$AH 07 ZATATHTPHCWG, 1997b). ©)S HIEko 2
77N fractionol] ot Ui HAHHS =EFSIHOH, ol&
Table 1°] “YERAITE.

TPHY] 78-¢ HIESt faids HeRl7] Wil =55
=9} Sz oke] Hlwgke]l $13H|8-(hazard quotient:
HQ)S APEe =X 7} fraction®] FsI=s =Eqth
(ASTM, 1995; US EPA, 1989). ¥wizo = H3Q &
A2 QEHE AY e AA| =E2HE2HEH 2HH

= BI=E AHdsk=dle 7RI E (additivity  principle)

=0
S

=T

T

Table 1. TPHCWG petroleum hydrocarbon fractions and their physicochemical and toxicological propertiecs (TPHCWG, 1997a;

TPHCWG, 1997b)

Physicochemical Properties

Toxicity Data

. Solubility  Vapor Pressure Boiling Point Henry's Law Mole.cular Reference Refereana
Fraction (mg/L) (atm) C) Log Ko ’Coglstanst Weight Dose Concentrzitlon
(cm’/cm’) (g/mole)  (mg/kgbw-d) (mg/m’)
Aliphatic Compounds
EC5~6 36 0.35 51 29 33 81 5.0 184
EC6~8 5.4 0.063 96 3.6 50 100 5.0 18.4
EC8~10 0.43 0.0063 150 45 80 130 0.1 1
EC10~12 0.034 0.0006 200 54 120 160 0.1 1
EC12~16 0.00076 50x107° 260 6.7 520 200 0.1 1
EC16~21 3x107° 1.0x107° 320 8.8 4,900 270 2.0 NA?
Aromatic Compounds
EC5~7 1,800 0.13 80 1.9 0.23 78 0.004° 0.03°
EC7~8 520 0.038 110 24 0.27 92 0.2 0.4
EC8~10 650 0.0063 150 32 0.48 120 0.04 0.2
EC10~12 250 0.0006 200 34 0.14 130 0.04 0.2
EC12~16 5.8 50x107° 260 3.7 0.053 150 0.04 0.2
EC16~21 0.65 1.0x107° 320 42 0.013 190 0.03¢ NA
EC21~35 0.0066 410710 340 5.1 0.00067 240 0.03° NA

"NA: not available
®Based on US EPA benzene value
‘Pyrene (Cy¢) value
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S 71EoZ slan 7] wWiEell(US EPA, 1986), TPHS]
= 2 fraction?] HQALS FHISE kel x4
(hazard index: HDE FO=2A AT + Ao
(TPHCWG, 1999). 5=3F jalldol] 7|kt “83b7 )& (risk-
based cleanup level: RBCL)YS &8 3= #kQl 12 7]
T2 T o] nEEE® FE F O (ASTM, 1995),
TPHS] 37|52 7} fraction?] H37 |15 FAMIE o]
3t A () 2 7 5 UHTPHCWG 1999).
EGoRY A3 =572)

HI
RBCLypy = o 1

CLren IMF,/RBCL; M
(B 2 F R 1 =272

MFixRBCLTpH) Cat,
RBCL;, /'\RBCL;

HI= ZMinimum{( 2)
RBCLTPH: TPH Xéﬂ7]%

MF;: 7} fraction®] H-AH]

RBCL;: Z fraction®] 3}7]&

Cyui: 2} fraction®] EF s

2.2, HAREMZX SH4ES3 (MaDEP)

MaDEP 32 TPHCWG 1FEEHe] 7IIds A
5 7Ho RN, Z7lle AA 5= et &
ol we} alkane/cycloalkane (C5~32) % aromatic/alkene
(C9~32) ¥ IF2= 731, YA alkane/cycloalkane 3¢
s =4 2 gl w3709 1F(C5-8, €9-18,
C19~-32)0 2 EE3o 2 F 47]9] fractions AFE-SIA
THMaDEP, 1994). &% TPHCWG ®e] 7idx) )
g0l T XFF W&ol 4P FAHF| alkane/
cycloalkane 1552 aliphatic 3}3S % aromatic/alkene
I8 aromatic 3FEZ WAHS WAL aliphatic T1E
o] HYE g4 37 Z sl em 24 fraction)

¥ SAAE Hoh §eH02 HSHACHMaDED
2002a, b). HE=3F 4709] fractions Volatile Petroleum
Hydrocarbon(VPH) 3! Extractable Petroleum Hydrocarbon
(EPH) 4ol wle} vhA] FEste] S22 5 6
72l fraction® 2 ZAZAEUTHMaDEP, 2002b). VPH
ARHe ke B (aliphatic C5~12, aromatic C9~10)
o] FjEkdo] 7St 3RME-S purge & trap B GCE &
B3lo] B4 o3l EPH e ulaEs 28
st =& BATO] fractionS H45}7] Hste] 39l

ot (MaDEP, 2004a, b).

2.3, FHLiCE HI”RE, REUME 2 A=

ek, dEks, A o el 49 sRoR
33 AAEA(risk indicator compounds)y?} $H4] TPH
fractions 93157} tido R &8ale fFedFAE
#jstar vk TPH RS 25 2F depaict
TPHCWG S FEAo2 E= HdXoz 83l Q)
om 7+ Yepd Ao e E fraction?] 9} 7,
B 5 0] o) BPIREE S9isel A}
fata Aok 2y 7 fractiond] B - 3183 B4 2
=4 AWE AHog TPHCWG "ol 9&skar vt

kel 79 TPHCWGS] 1370 fractions XS
vero g A 258l 47)9] fraction: (1) Fraction
1(C6~C10), (2) Fraction 2(>C10~C16), (3) Fraction 3
(>C16-C34), (4) Fraction 4 (>C34)2 il o2 ol
07 WIS 8¥5lal THCCME, 2008a). THE, aliphatic
3} aromatic 3FFHES VA &3, R4 FFAIEE
9] BNANE Wgo 2 F 34 F aliphatic)
aromatic®] F-AHES 80:200.2 7o =R Zh
fraction®] 78-S T=3hAl7]aL JTHCCME, 2008b).
EAulHol 74-9- Fraction 12 purge & trap, Fraction
2~4= 81|FZ F- GC/FID(flame ionization detector)S
o] g-3to] EAIBIIL Fraction 4 & C50 ol4e) 3}5HE-&
S E- 9% (gravimetric  analysis)2 &3t AT
(CCME, 2001).

vIdE=e] TPH 931897} W& AfA & ¥l
A5 TPHCWG fraction & 2254332 dlit=e 771
9] Z1Z(aliphatic EC5~8, EC8~16, EC16~35, >EC35,
aromatic EC5~9, EC9~16, EC16~35)0.2 EFski o|=
ugto 2 9 dy e Y STHRIVM, 2001). ZF
fraction®] =4 FE+= dFE TPHCWG 3+ x-8st
A0} aliphatic EC5~8 fraction®] 735 #3ZA 4 &
712 o ® TPHCWGS] 5 mg/kg:day T4l 2 mg/kg:
dayo. 2 FAHRE oju] DA HIH Htiered
approach)°] A-8==t] 3 HA @AZ UL S3d A
ANEEs dVdes s sl 5 WA A= TPH
o tigk B7FE FYITHRIVM, 2001). TPH fraction
A4S S 3" e ofF] FHEA] fgker TIE
°] TPH(C10~C40) =AW= 4 3= fraction
(C6~C10)S ALY flate] vioket A4S Walst
o] AR&sET QITHRIVM, 2001; Harmsen et al., 2005).

TARE B3 7Y 5 29X #gFd A%
=% TPHCWG WHS FAste] Abgsta Stk
BTEX, USHIREEISl=4~(polycyclic aromatic hydrocar-
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bon: PAH)?} 22 aromatic 31322 /E5 o2 Hrlst
I A7) wEe] TPHE] 7-$- aliphatic®} aromatic
fraction LFFA] 3L (1)C7~C9, (2)C10~Cl4, (3)C15~
C369) Al 2152 aliphatic fraction®.2 =3} TPHS]
njgel a4 skl Utk Ministry of the Environ-
ment, 1999). Z} fraction®] SR 2 &7 - 384 &
AAHEE TPHCWG s A&3sta glom, tyh
C15~36 77+2] 789 TPHCWG EC9~16(0.1 mg/kgday)
I} EC16~21(2.0 mg/kgday)®] 715 Hitgk(weighted mean)
2 839 Ministry of the Environment, 1999). TPH
fraction®] 432 American Petroleum Institute(APT)<]
S 2H88le] ARSIl ATHAPIL, 1993). F=9]
3¢ TPHCWG TRHEERS A2 08 &gslal 3lom,
o7]e C44 ©)Fe] API fractionS F7Fste] 1671 €]
TPH fractions WHo2 JeidH71E st Aot
(API, 2001; Environment Agency, 2005).

3. 3 RRHXASE fIE ¢

o
=_=
0x
e
J
oz
2

3.1 RROUXIY SIHNL} HE HES I8t BRxY

s EFeanA Bepgdel ol Slsiinslel 9

R0l T A Felel e Aeek & 4 9

of. e} 4] ESI T Al AARE A8

of Slel= WY, 71 Brpgere] vhel 9 el

A 2y 5ol AAlslolol frke Aol Fule) B9
1

A= ol Jojr] To3t ARE AT & & Atk
mEbx ZF F7FEe] sl W 2 A Y] A
3 AS 183 w f5289x12e) st W
o BS99t e xS AuHH vgd) At

=]

A, Lot e de Hehle 2 7 A ANE
2 Rk opel el A3 WA siekedel A

G T3t Frlslofok gt} vl we} Aol= e
H7rE #E A E83la e yEiAE
HHog SEld AAEEL] Werdd =} TPH fraction
FS BAlol a1EslaL Qlal, o1 $l8le] ¥
P 5ol ANE J71s widska ok 53,
et 2ol fFe.H0] FE ol2% g = TPH

Lol
1o
2
o,
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gro = Aol AgEe AN HE-S FEjFoE 4
Aek= A =5 A drte Tdske $0% 54 F9
shtd 4 ot

A, T B #ejAAe] wx 7Rk el
ollx] ffaid 7wk TP oE ek Hwr)FHR]
oM B eVIEH 22 d39 ArlEd
adF7EE 7IHEo = g Bk V] s 8ol
#Eojo} gt} &, 71E Eded #riEe] 334
o33 L iEH 7L I FE)rEe] Ak delds
3] 3 5 e FEAIAIY] Eilo] Haslal ol&
B3t flsiidHrlel Aos= Bhleh v} G A
|5 A Atk o= HRESE £1(2005)9] Tl
A= ARKE WRke A, T Yoyt 71 A7l o
gk A o] Fasfar o wh=A] QIA B SR o]
agjElofol gkl sl Ut

AR, 2} =7F22] TPH AsiAdE 7} WbellA 4
T =] 4 yehth af-9 TPH HE-EHHE 1
sle] gg-star Qlvh. wEb = BejRA #ds)
T2 5 A A AEETL Fom ARgslr| 7HAgh
TPH $Jaid87} ¥ito] migds]olo it} o}& 9js}e] 7]
+o] TPH 7RR-EPHe] w8k Llgwo) digh o] 4
83131, o]F "o R A= Wi /Y e Ve W
Hel 8 5 Wrple g, 1k WPEe] i AlAlek
o] 33, Hrplee] desls 5§ Hod 2 A
FH Fo| FaE|ofo} gt}

A, TPHE 4% st kol A4
method-defined parameter®A] FAJHlHo] gElA|HA
A= TPH % T3 2zt wehA TPHE #
= 77 Yehrith Friez 3R1E EARES AMeSar
o o EEFSATAHAIZZITEES 07552.1)
olg3te] ESF T AfATEITAE B4kl vk
&35, 2009¢c). AA| TPH fraction2 HIELOZ ]34
H7re F] siME EF ® As $9 TPH
fraction?] Z=Ao] WAL A )] FAA| A=
olF Y & Jv Aol AAHo] UA Lt
S =] V|E EANPES atE A8 BF 4
Wiel] me} ko]l EEkAle TPH ¥ TPH fraction®]
548 71 #eriEe] vlal Byt Evbssh] wie
o A 2 Aslaol X F7F E400 wE wig vle-
| A8 4 vk wepx] 7] B 58
G 0= TPH fraction £48HE FHsk= o] v+
ZF st

T

¢

Mo M o oox

e

l ol
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3.2. I RFRYEXY oIN|¢lsHdHIt Mt

oA A vle} o] sl B AdEA|Al A A
Gt Firedxle] AsigHr deke FHst] flaiA
= TPH FZFEEWH, TPH fraction £24HPH 2 EQF
LAAAAIRZ ] A3 A8Hijte] BREeE 1
#Eojok i}, mElA B =Rl 7] dadE
S HloE ) EATIE A 2get QIA9Isd
b Heks ARlstaa) gt

3.2.1. TPH 773

TPHCWG THRE e A+ /it WlE 5
Q1 HollM 7 Aol HushA o] 317
ool A2 WHE sty Bohs 71Ee] WHE vt
gog Hebt £4e A =l ARl A3’ ks
gygste 3lo] AAZFS) Wolx] g 4 vk AA
Park and Park(2011)2 2 =ollA ] B A3
el 23}st =y TPH 7{HEE S Attt
o= 7} fraction®] #EHA A&, =ul TPH TAA
2 TPH 24HE 7|1502 137)2] TPHCWG fractionS
Tt ==Fvt B ATl AjbE =& TPH
PIHEEMIHE Table 29} Zo| 107§9] TPH fraction
(aliphatic and aromatic EC8~10, EC10~12, ECI12~16,
EC16~22, EC22~40)°.2 A% o] At} TPHCWG
fraction & $-A1 aliphatic EC5~63} EC6~8 fraction©]
A= A= ©] fractionE2>- =2 Ao Z <lsle] A
Al F31¥ (weathered) 7 SBEWNM= AL HES
| kS Mat o} (Park and Park, 2010), A =

=

TPHS] “<JQ] C8~C400l EFEA] 7| wiiolc). Tt
o] fraction> 715 59 iVl T=E 2= )
o] TPH A4Sl 8= W RO+ purge & trap
o] AT oxe] £4S Foled tlS A
o] =] AAIke] T3 B A adS Tt A
HAvt. 1831 aromatic EC5~77} EC7~8 fraction Z}
ZF WAl EFQ0R tiREe HICEHN o] T EE
A2 Al Aald AAELAEA BEET A7) ol A
95l et dAl =] TPHS] Heo)7t ' 408171
A7 AT 7] Wl aliphatic EC22~40 fraction
o] F7I=)aL EC357FAIT E3HA fractions EC407HA]
gojaigct. riAHo R ] EFL AEAAETES 7
¢ Aede] =waghs BEgd 9 AFAIEA
(retention time window)® Al8-317] W0l Z} fraction
o] #go] Ao AT oA ARE SE
TPH fraction®] £ - 3814 54 & 4o TPHCWG
HAERE wgod =ZHe, 53] aliphatc 3
aromatic EC16~402] 73-%- EC number®} Z}Z}2] E4J0)
gt FEAE viEoZ A=A 548%]9] A5 |
AR BAZAL A3 TPHCWGOM AHgE iE =
ks AT ek A2 =49gRe] BFo = QI8
o 598% 74 glo] JIAH=S skt 288k
Aoz At=Ae}. B3], aliphatic ¥ aromatic EC16~
409] 739~ TPH fraction &8 77to] EEl2ol= B
sk TPHCWGS] EC16~35 171 S48 288 &
gholl $l=t] ©l= heavy fraction®] =/dgR7} wljg- F
&3] TPHCWG FAFE pyrene(C16)2] 5442 o] #1F

Table 2. Proposed TPH fractions and their physicochemical properties (Park and Park, 2011)

Fraction Sqlubility Vapor Pressure Boilirlg Point Log K H(Enx;;?w Molecular Weight
(mg/L) (atm) C) (em’/em?)! (g/mole)
Aliphatic EC8~10" 0.43 0.0063 150 45 80 130
Aliphatic EC10~12° 0.034 0.0006 200 54 120 160
Aliphatic EC12~16" 0.00076 50x107° 260 6.7 520 200
Aliphatic EC16~22° 1.1x107° 7.6 x 1077 350 9.0 7,600 270¢
Aliphatic EC22~40° 1.1x 1078 3.6x 107" 510 14 2.6 x 10° 440¢
Aromatic EC8~10° 650 0.0063 150 32 0.48 120
Aromatic EC10~12° 250 0.0006 200 34 0.14 130
Aromatic EC12~16" 5.8 50x107° 260 3.7 0.053 150
Aromatic EC16~22" 0.51 7.6 x 1077 350 42 0.011 180°
Aromatic EC22~40° 0.0015 3.6x 107" 510 54 0.00026 260¢

¢ These values were compiled from TPHCWG data (TPHCWG 1997a)

® Calculated from the empirical relationships (Park and Park, 2011)
¢ Estimated from the empirical relationships established in this study based on the molecular weight of 142 individual hydrocarbons
4 Henry’s law constant were calculated based on vapor pressure, water solubility and molecular weight of each fraction

J. Soil & Groundwater Env. Vol. 16(4), p. 10~22, 2011
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» Determination of Risk-based Cleanup Level

+ 10 aliphatic and aromatic fractions

» Using the modified Korean Standard Test Method including
silica gel column separation

+* 5 TPH fractions

+ EC8~10, 10~12, 12~16, 16~22 and 22~40

* Investigation of receptors and environmental
parameters

Risk Screening

» Korean Soil Pollution Concern Standard
as screening level (TPH concentration)

+ For prompt decision-making for further
actions

Fig. 1. Phased human health risk assessment framework for TPH-contaminated sites.

o] it o= ARSsiaL 7] wiolt). ol ARe
e Bl 97EA A7) 9% e e
R R HRAXS QAR A =S T
A7 7 NS A9 ZF TPH fraction 2 £+
Froll e AEEAESe] B0 uie Fule dve g

3.2.2. FIRLEGAYE g DA HEdE7T AA

S 7Nie R k= wAS FRE 7NIeR
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20g of soil sample is chemically dried with 10g of Na,SO,

|

Add 100yl of surrogate solution containing

l

Add 100ml dichloromethane
sonication for 3min (repeated twice)
centrifugation Smin, 750rpm

!

| Concentration with K.D. concentrator ‘

PN —
! Silica gel cleanup

Phasel
Risk Screening
: 5 TPH subranges
Phase II TPHEC 8~10
Generic Quantitative TPH EC10~12
Risk Assessment TPHECI2-16
- TPH EC16~22
' TPH EC22~40

| Exchange solvent with n-pentane

Add 100u1 of surrogate solution
containing 5,000pg/ml of 2-
florobiphenyl! in n-pentane

l

I

!

!

N-pentane

Dichloromethane
and acetone (1:1)

4
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5 aliphatic fractions

1
1
1
1
1
1
1
1
1
1
| Silica gel column separation | :
1
1
1
1
1
1
1
1
1
1

5 aromatic fractions

Phase III

Detailed Quantitative
Risk Assessment

Fig. 2. Phased analytical protocol for TPH and TPH fractions based on the Korean Standard Test Method (Park and Park, 2011).
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