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ABSTRACT

This study reviewed standard operation procedures for fractionation and analytical methods of total petroleum
hydrocarbons (TPH) in north america and european countries to aid proper establishment of risk assessment protocols
associated with TPH exposure in Korea. In current, the TPH fraction methods established by Massachusetts Department of
Environmental Protection (MassDEP) and Total Petroleum Hydrocarbon Criteria Working Group (TPHCWG) are most
frequently employed worldwide. Both methods were developed on the basis of direct exposure of TPH from soil, although
the method by TPHCWG also took into account the mobility of TPH. Volatile and extractable fractions of petroleum
hydrocarbons were analyzed either separately or together. TPH fractionation methods were evaluated based on
conservative toxicity values considering the uncertainty of risk assessment in light of current standard protocol for
analyzing soil contaminants in Korea, and it was concluded that the method developed by MassDEP is more appropriate.
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Table 1. TPH fraction methods used in foreign countries

MassDEP TPHCWG TCEQ Ecology
Hydi;lc:elrbon Aliphatics ~ Aromatics  Aliphatics Aromatics Aliphatics Aromatics  Aliphatics Aromatics
ECs~ECq
Cs~Cy (Benzene,
(Benzene, Toluene,
Toluene, ECs~EC; Ethylbenzene,
. Ethylbenzen, (Benzene) Xylenes)
C(I)I:r:h(;?:gfis - Xylenes) - MTBE - - - optional MTBE
P MTBE Carcinogenic Styrene 1,2-Dibro-
Naphthalene 7 PAHs? moethane n-Hex-
optional ane Carcinogenic-
17 PAHs® 7 PAHs*
PCB,
ECECo e -EC, ECs SECEC, Do ECe  pe ke,
>EC4~ECy >EC4~ECy >EC¢~ECy
Cs~Cs SEC.-EC >ECs~EC)o SEC.EC >ECs~EC) SEC.-EC >EC,o~EC,
Co-Ci'  CoCy t e *EC~EC e PEC~EC, TV >ECHy-ECS
Carbon range ConCrd CriC >EC~EC)» SECEC >EC,~EC}» SECy»EC >EC,~EC|» SEC-EC.b
o~Cig . pe ke 2Bl pe ke 27Els SpeRC 12~EC6
Cio~C % SEC+~EC 210 SEC+~EC P10 SEC~EC
19~C36 SEC,~EC 16El e Re 16ela Spe pe 16~ECy)
16~ECy) 16~ECy) 16~ECy)
SECy~ECss >ECy~ECs;s SECy~ECss >ECy~ECs;s SECy~ECs >EC,~ECs6
Reference MassDEP (2002) TPHCWG (1997a) TCEQ (2010) Ecology (2006)
I )
Follow ]?e%avyari, Maine’, 4 Florida’® Oklahoma® Indiana®!
Miississippi®, Montana
Alaska'®, Louisiana'',
Florida®. Hawaii® Missouri'?, Ohio'?, Oregon'®,
) 5 15 B 16
Follow after North Carolina’, Utah®, Texas'”, Washington ®, ) Utah®

US EPA’, Utah®
Canada'’, Netherlands'®,
UK.”

modification US EPA®

# Volatile petroleum hydrocarbons method

® Extractable petroleum hydrocarbons method

¢ Naphthalene, 2-Methylnaphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Benzo
(g,h,i)perylene, Dibenz(a,h)anthracene

4 Naphthalene, Phenanthrene, Fluoranthene, Pyrene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene

! DNREC (1999), > MEDEP (2009), * MDEQ (2002), * Montana DEQ (2018), > FDEP (2005), ® HDOH (2012), 7 NCDEQ (2018),

$ UDEQ (2015), ° US EPA (2009), '° Alaska DEC (2000), ' LDEQ (2003), > MDNR (2013), '* Ohio EPA (2018), '* Oregon DEQ (2003),

15 TCEQ (2010), ' Ecology (2006), ' CCME (2008), '8 RIVM (1999), '° Environment Agency (2005), 2* Oklahoma DEQ (2018), >! IDEM
(2010)

2A& 3Rl & 4 Qth. TPHCWGeA ECY] 7idS A cleanup target level(SCTL)Y} H|w3}al, o] 7|&XE %
G ol o 240 o5 BT 2 Ads  HF B9 B4 edEde] Baurle] wusl A B
3 8)7) mEeloH(Kim, 2008). T2l T SCTLR vlmshs 2vHAlZ Jolzit). ol

3l U}t Edsdr Aol Bk = TPH Zg3h= 53 WS MassDEPY TPHCWGS] B

BATIHCCop)e Pl E22T F SRS (Florida  F 715S w2y 5430 2 =238k 542
Department of Environmental Protection, FDEP)2] Florida TPHCWGS Falsl] H7sl=2 SItHEFDEP, 2005).
Petroleum Residual Organic(FL-PRO) ®'HS w231 $) Wt olg} US EPAS} Vl=r FRo)A= MassDEPS}
ok 22T FoME 29A1 A AR QESY TPHCWGAIA 7Eeh E&gkh 73hs atis #88HA
o el #elslar Yedl, 194 FL-PRO A4S A U FAste Az &8st ATHUS EPA, 2009;
3] 2kEE FEE FIHTARFEL(C-Co) 77 Parsons, 2011). 3 FiollM= A4 TPHCWGE 474
R T 540 =2 242 MMEHoZ SH3 soil B3l BE77RS A%, TPH LG5S Hrishk=

J. Soil Groundwater Environ. Vol. 23(6), p. 54~72, 2018



58 V) - =31 - A - £97) - 71
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I 5% 55 H8ske ikl tiE] HE Foll Uk

(Environment Agency, 2003; Environment Agency, 2009).

oo A AR 91 TPH £33 WS xA1gH Ad
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2002). ]:]‘l}:ﬂ—O]—}H UX]A E/ﬂg L]_E}LLH7] ,CHEH 7”1%—% =]
A1 (Reference dose, RID)= A &<t 22 5%
2 i AH e FYsIE W, siE s PIxIR
ok ol7lo] ISk Aol weko] X TR ATEAL
3711 %] (Oral reference dose, RfD,), U= 4%
FUx=ZE3 315 S (Inhalation reference  concentration,
RfCO)Z YePIt} RD= §3HES WrlE =58 59
SFAAET(No observed adverse effect lever, NOAEL)

olu} HAH T ET (Lowest observed adverse effect

level, LOAEL)®] Al Yehle 244S BA
sh= B89 (Uncertainty factor, UF) 2 A&7} A}
ol9] ofExtel}t A3 P ARE Ridsly] Sgk B
A Modifing factor, MF)E 2-&3}e] TZHTHUS
EPA, 1989). WA RfD, =& RO} BS4-E QA=
Sl 283 f F4o] AstA vERrdthar rist 4
AT}

FrrsitEY P dErEE el A8 5899 9
HW—& BEFRQ] ol wat Al 7R R A
A, FrsE T S0 L gkl WA, E7<,
yxgaa 2o 548 A% 3+8E(Indicator com-
pounds)= APHel Sfsie HWrebAAY =4, EEE
27 W 5480 Akl diRds He oAl siikE
(Surrogate compound)g‘ o]-8-3q —vLH_‘Q:] kA 27 Ul
5% &85t Al iREe S5 T A 4
UE %’.@7—‘}%4 2 54 FeAke-S st &
ra #1240l FARE §-7-3H3E(Petroleum
mixture)ol] 3k HA7S A3} 7]= SHHATSDR,
1999). RD,, RFCE= 713 ¥ 2AZQ0 HES %‘c‘ﬂl 71%
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A)2~Ell(Integrated risk information system, IRIS), ¥]=t
=A4ED 2 ZAWSE%(Agency for toxic substances
and disease registry, ATSDR), TPHCWG$} MassDEP
N AR SRS BE5 ok e ol et
SN TR SRS AHSI] SlaaErlel Bast
o UJrE} A fEl= =S o2A JrHE o ok
Y 5470 g, gawggiie] A2 fAE
o}EiE}E M AReA A iR F54EF (Toxicity
surrogate)®] AolZ FAAZLS tEA AAsta YAt
(Table 2). YWz o g =R} WEEEo|, =& Bhhg
Ho} w2 gAE 7R 7Y 01]/\1 RfD, B RfC7} B
P B, ol AiFeR = =5
ERdT) AHl=E T—J—pj’_l_/\‘— ANAEA, 71=A] 2 Al
31 Yoy, WEE velde A U 1143, A
o
g
Zjl

N

=4 9 Az %Lﬁlg]r o] v FEES THre s =4
dozitar dHHTHTPHCWG, 1997b). 713
HI W3 A} MassDEPIIA AAZE SAGES thA]

o7 g 71He] S93ET T g% 7S BHYloH,
EcologyZ} 7P MEsHE S4%S AR AL g1 &
T AUtk 53] AR ©ATRIR] MassDEPS] A<
Cs~Cg7F} TPHCWGS] A= ECs~ECs, >EC~ECgS
=3I 2 AelE BT, ol aiE vt W
ol H&3l ik ZAEZ (Toxicity surrogate)?] x}o]ol]
93t Ao HIEJITH(MassDEP, 2003). MassDEPoI| 4]
= T FAGES A=) flEl 5430) Ak =
A2ke Ag3sI¥ o), TPHCWGIIME S5 tigt &
iks ARgslE Aol AAdsithar ddele] 48 it
(53% n-Hexane $F2)S A= ECs~ECq, >EC~EC;2]
=X &3 (Toxicity surrogate)Z 417 3} %1 tH(MassDEP,
2003; TPHCWG, 1997b; Kim, 2008). MassDEP| A=
AE Co~Cig7RHe] RIDE EZ317] 93l i1k
3Esk= A-5-F(petroleum stream)9} - JP-85 ALE-
sl SAEE AESIOY, S (petroleum stream)<]
WS Fkol Aol 1.5%1 Aol vl Jp-sell= Hul
20% oPde] RS S 7HAAL A7) wiiol] sfdiE
o] EAge] 24 ABE v ZdTH(Parsons, 2011;
2016). HFHo] TPHCWGS} Ecology=
A7 7 w] A-3-A13F(Whole product)el] thek &=
A ARE AR s el AW Co~Cis
F fAE 7] SECe~EC, ol thet RiD, B RfC’% JpP-
SE=HE E2d %S A8ska Aok 3 2E di%
5952 (Toxicity surrogate)s 2-83= B3laL, HE
AzE A4 Al e AeE ATk ole

Fowles et al.,
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MassDEPS} TPHCWGS] B8 B3lA Cy~Con(ECy~
EC;5) 71, >ECe~EC,s 71t tigh RfCS] =& 24
oAl 81 & 4= St} o] FXIe] RCE =Z317] 23l
Zy 718 §ARE A2 = 34 YZEl(high flash
naphtha)®] F3 A2 F(NOAEL)E <1839 01},
MassDEP?} TPHCWGS] #8313} sk Bhad Al
(UF)Y] =}o](MassDEP UF=3000, TPHCWG UF=1000)
o] w2} MassDEP7} Ho}h B4AQ] =F0 7 T&Hct
(Parsons, 2011; MassDEP, 2003).
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Fig. 2. Gas chromatograms of EPH standard solution at 50 mg/L. for MassDEP method. (a) Aliphatic hydrocarbons, (b) Aromatic
hydrocarbons (Chromatographic conditions: Agilent DB-5MS (30 m x 250 pum I.d., x 0.25 pum film thickness); FID detector; N, Make up
gas at 2.5 mL/min; H, at 35 mL/min; Air at 400 mL/min, Column temperature: 60°C for 1 min, 60-290°C at 8°C/min, 290°C for 11 min).
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Fig. 3. Gas chromatograms of TCEQ standard solution for TCEQ 1006 method. (a) 20 mg/L. carbon number distribution marker
compounds, (b) 2000 mg/L petroleum product calibration standard, fractionation range of low hydrocarbon: aliphatic Cs=hexane only,
aliphatic >Cg~Cg=clute after n-hexane and up to including n-octane, aromatic >C;~Cg=Toluene only (Chromatographic conditions:
Agilent DB-5MS (30 m x 250 pm I.d., 0.25 pm film thickness); FID detector; N, Make up gas at 3.0 mL/min; H, at 40 mL/min; Air at
450 mL/min, Column temperature: 35°C for 3 min, 35-300°C at 15°C/min, 300°C for 5 min, 300-325°C at 15°C/min, 325°C for 3 min).
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Table 4. Analytical method for TPH fractions

MassDEP TPHCWG TCEQ Ecology
Method type VPH EPH Direct method =~ TCEQ method 1006 VPH EPH
Indicator 6" SBTEX) >ECs~EC; BTEX
compounds MTBE 17 PAH, (Benzene***) ) MTBE )
Naphthalene
Aliphatics Aliphatics
ECs~EC¢(Hexane) ECq¢(Hexane)
>EC6~EC3 >EC(,~EC8 AllphathS
>EC¢~EC) >ECs~EC) L ECs~ECyo
>EC~ECy2 >EC0~EC, IAEICIEEE];tg: >ECo~ECy,
Aliphatics Aliphatics “ECIECus “ECECus >EC¢ECy “EC G,
Cs~Cy Co~Cs >EC6~ECy; >EC6~ECy; SECg~EC)o >EC6~ECy,
>EC;~EC;;s >EC;~EC;;s >ECy~EC34
Carbon C9~C12 C|9~C3(, >EC]0~EC|2
e Aromatics Aromatics Aromatics Aromatics Aromatics Aromatics
CoC oo >EC,~ECs >EC,~ECg EC,ECoy EC¢~EC),
(Toluene***) (Toluene***) SEC,-EC >EC,~EC),
>ECg~ECo >EC~ECo CECEC. >EC~ECys
>EC)~EC)» >EC;~EC} e >EC;6~ECyy
>EC,~ECss >EC,,~ECss
. $oxhlet/ Soxhlet/
Extraction Solvent Mlc.rowave/. . . . Ultrasonic
methqd extraction pressurized ﬂuld/ Solvent extraction  Solvent extraction Solvent extraction extraction
(Extraction (Methanol) Ultrasor.nc (Pentane) (Pentane) (Methanol) (Dichloromethan/
solvent) extraction Aceton, 1:1 vAv)
(Dichloromethan) >
Silica gel Silica gel
(Pentane?, Dichlo- (Pentane?,
Column Silica. gel romethan/Aceton,  Dichloromethan®) Silica gel
purification a 1:1 vAP) or (Pentane®, Dichlo-
. - (Hexane?, . -
(Elution Dichloromethan) or Alumina romethan/Pentane,
solvent) Alumina (Pentane®, 60:40 v/v °)
(pentane®, Dichloromethan/
Dichloromethan®)  Pentane, 1:1 v/v )
GC/PID/FID
-purge& trap™™ b
Analysis %CC“;\IADS GC/FIDPbe GC/FID Gerp (éZD/ e GC/FID*
GC/MS -purged trap’
-purge& trap™**
Reference VASSDEP (018) 5 DEP (2004)  AEHS (2018) TCEQ (2001b)  Ecology (1997)  Ecology (1997)

MassDEP (2017)**

@ Each Aliphatic hydrocarbons range, ® Each aromatic hydrocarbons range, ¢ Indicator compound
** Benzene, Toluene should be measured using US EPA Methods 8260, 8270 or 8021 which are more selective to theses compounds and

have lower detection limits
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Table 5. Factors for quality control of TPH fractionation methods

. MassDEP TPHCWG TCEQ Ecology
Quality control TCE thod
element VPH EPH Direct method 1Q0 o VPH EPH
Method blanks <RL <RL <RL <MQL' <PQL <PQL
Matrix spik 70~130% 40~140% 60~140% 60~140% 70~130% 60~140%
recovery'
60~140% 60~140 %
Fractionation 4 1400 4 1400
check recovery” NA. 40-140% <10~20% <10~20% NA. 60~140%
crossover crossover’
Aliphatic
1-Chlorooctadecane
(1-COD)
Aliphatic
Aromatic 1-Chlorooctade-
2,5-Dibromotoluene’ Orth(z—(")f;rl?)henyl 2,5-Dibromotol- cane(1-COD)
Srzg:ii?;e Toluene-ds NA? NA* vene Aromatic
Fractionation Ortho-Terphenyl
)~ 0, ~ 0,
70~130% surrogate’ 60~140% (OTP)
2-Bromonaphthalene
or 50~150%
2-Fluorobiphenyl
40~140%
RL RL PQL
Quality control RL RL PQL
criteria 5~10 mg/kg™ 20 mg/kg™ of ab 5.0 mg/kg™ b
0.05~025 mgkeS  0.2~1.0 mgkg" 30 mg/kg 10 mg/ke 0.5 mg/kg" 30 mg/ke’

MassDEP (2018)"
MassDEP (2017)"

2 Each Aliphatic hydrocarbons range, ® Each aromatic hydrocarbons range, ¢ Indicator compound, ¢ Calibration standards, ¢ Estimated value,
 Petroleum hydrocarbons

Reference MassDEP (2004)  AEHS (2018) TCEQ (2001b) Ecology (1997) Ecology (1997)

! Refer to TCEQ method 1005, Method quantitation limit (MQL)=50 mg/kg: TCEQ method 1005 is a method for analyzing petroleum
hydrocarbons (EC¢~ECss5) in TCEQ

2 This means that it is within the acceptance criteria for this method to have 10~20% aliphatics in the aromatic fraction and 10~20% aro-
matics in the aliphatic fraction

3 Fractionation surrogate standards are compounds that are added to sample extracts immediately prior to fractionation at known con-
centrations to evaluate fractionation efficiency

* Not applicable

A FE80E A8 7P e gslAot AW SFATHMassDEP, 2004). THA] Zaf Azj7ba Ao 3¢
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