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ABSTRACT

Total petroleum hydrocarbon (TPH) is a mixture of various oil substances composed of alkane, alkene, cycloalkane, and
aromatic hydrocarbons (benzene, toluene, ethylbenzene, xylene, etc.). In this study, we investigated 92 groundwater wells
around 36 gas stations to evaluate distribution characteristics of petroleum hydrocarbons. Groundwater in the wells was
sampled and monitored twice a year. The fraction analysis method of TPH was developed based on TNRCC 1006. The
test results indicated aliphatic and aromatic fractions accounted for 28.6 and 73.8%, respectively. The detection
frequencies of TPH in the monitoring wells ranged in 21.6 - 24.2%. The average concentration of TPH was 0.11 mg/L
with the concentration range of 0.25~0.99 mg/L. In the result of TPH fraction analysis, in aliphatic fractions were 19%
(C6-C8 : 0.2%, C8-C10 : 0.4%, C10-C12 : 0.4%, C12-C16 : 0.5%, C16-C22 : 1.0%, C22-C36 : 16.6%), and aromatic
fractions were 81% (C6-C8 : 1.1%, C8-C10 : 0%, C10-C12 : 2.9%, C12-C16 : 0.3%, C16-C22 : 4%, C22-C36 : 66.8%).
Fractions of C22-C36 were detected in about 83% of the monitoring wells, suggesting non-degradable characteristics of
hydrocarbons with high carbon content.
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Table 1. Procedure method of TPH fractionation analysis

Procedure step Method
Fractionation sample Groundwater sample (500 mL) DCM extraction (30 mL, 2 times) — Concentration — n-pentane solvent
extraction transfer (Vol. =1 mL)

DCM about 10 mL + Activated Silica 3 g Mixture in column (Diameter : about 1 cm) — Addition Na,SO4

Silica gel column setting (anhydrated) 1 g on top of silica gel layer

Column conditioning DCM about 10 mL run down — n-pentane 10~20 mL run down
Aliphatic hydrocarbon Solvent transfer sample 1 mL & n-pentane 9 mL run down inner wall of the column — Aliphatic
fractionation Hydrocarbon fraction sampling

Aromatic hydrocarbon

fractionation DCM 10 mL run down inner wall of the column — Aromatic Hydrocarbon fraction sampling

Analysis If necessary, concentration each fractionation samples = GC/FID analysis

% To silica gel activate, at least 16 hours at 130°C in a shallow glass tray, loosely covered with foil.
% The amount of n-pentane and DCM (dichloromethane) used to elute the aliphatic and aromatic fractions, respectively can be optimized
experamentally.

Table 2. Instrument conditions of GC/FID

DB-5 MS UI DB-5 HT
Column size 30m x 0.25 mm., 1.D. 30 m x 0.32 mm.,
0.25um film thickness I.D. 0.10 um film thickness
Air gas flow rate 350 mL/min 400 mL/min
H, gas flow rate 35 mL/min 40 mL/min
Makeup gas (flow rate) N, gas (30 mL/min) N, gas (30 mL/min)
Oven temperature 40°C 40°C
Detector temperature 320°C 315°C
Temperature programming 40°C (8.5 min) = 20°C/min — 320°C (22.5 min) 40°C (8.0 min) — 8°C/min — 290°C (10.25 min)
Split/splitless Split, split flow 18.0, split ratio 15:1 Split, split flow 18.0, split ratio 15:1
DB-5 HT)& ARS3t] 7+ B 91t &5 2599 & Atk Alsks & TPH 28242 A8k A& 5=
e MBI 4 Al 71712302 Table 29} 2o, 2 TS5 - AP 9 0SS gela 29 29 - 7))
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Table 3. Aliphatic and aromatic hydrocarbons fraction range, fractionation indicator, and fractional section

Aliphatic hydrocarbons

Aromatic hydrocarbons

Fraction range Fraction check Retentiqn time Fraction Fraction check Retentiqn time
standard (min) range standard (min)
C6 Hexane 6.42-6.84
C6-C8 Octane 6.84-7.90 C6-C8 Toluene 6.84 -7.90
C8-C10 Decane 7.90 - 11.90 C8-C10 Xylene 7.90 - 11.90
C10-C12 Dodecane 11.90-15.18 C10-C12 Naphthalene 11.90 - 15.18
C12-Clé6 Cetane 15.18-18.43 C12-Cle6 Acenaphthylene 15.18 - 18.43
Cl16-C22 Docosane 18.43 -21.70 C16-C22 Pyrene 18.43 -21.70
C22-C36 Hexatriacontane 21.70-31.40 C22-C36  Benzo(g,h,i) perylene 21.70-31.40
Table 4. Statistics of monitored field data

Temp (°C) pH EC (uS/cm) Eh (mV) DO (mg/L)

It And It nd It nd 1 And It nd

Min 13.1 14.2 5.75 5.25 96.7 29.4 -88.9 -98.4 1.28 1.02

Med. 18.1 20.4 6.93 7.00 511.5 643.4 165.6 133.6 430 4.06

Max 253 27.1 7.97 7.88 1959 2584 2166 944.5 7.76 7.17

Ave. 18.2 20.5 6.98 6.94 546.7 694.5 204.5 165.8 4.17 3.78

(4~69) 18.2°C, 3h1+71(8~10¥) 20.5°CE L}ERT} pH
= ARk o g oRAeA Tl Tk S HAL
), ZAF A7) ' F23) xjolE HolR] gkt ARl
9 7|9 Eh gk ZHZb 204.5mV, 165.8 mVE
yehtor, HA AR oF 71.5%°] Eh %ol
200 mV HYRI Zo = Jepdtt. AL Al7] ¥ ECY 3
TEE 12} A7) 546.7 psfem, 23F Al7] 694.5 ps/em©
2 Uepdth 12k 2 23 ZAR71E] DO W 3k 7
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— = I'
goks g Feole EAZEF, Na'
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L, Ca** 50~3183mg/lL, F- ND~09mgL, CI- ND~
205.5mg/L, SO 2.7~674.1 mg/L, NO;~ ND~214.6 mg/
L, HCO; 21.1~12672 mg/Le] HHZ A= Ah(Fig.
1). Zoly tololas T3l =& Askry 4 1%
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Fig. 1. Piper diagram of monitored sites.
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Fig. 2. Average TPH concentrations of each contamination
sources.

Table S. Summary of TPH fraction analysis results

S R = o I B B 2 L B e
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I TPH 834 vids 98l =] TPH &2
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o] B3 7+ ®lnl ZAI, TNRCC 1006 method,
TPHCWG 2 MADEP EPH®| #8727t GALE13.0H,
MADEP VPHE 2017 B 20043¢] 37710 5A3
Z2S Felg 4= Ut MADEP VPH method 7+2] H]
L Al RS FHsI o, E400 ARREE 71716
A Zol7h deo] BRIEIITE. NIDEP EPH method®]
735 B BEEAHY e E£Y7ks Ve, BT
7he AWE gsleA 9-C12, Cl12-Cl6, C16-C21,
C21-C40, W= &34 C10-C12, C12-Cl6, Cl6-

T o
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Aliph.atic Al'iphatic' Arom'atic Ar.omatic. Total Conc. TPH Conc. Recovery

Sample fraction fraction ratio fraction fraction ratio N

(ug/L) %) (ug/L) %) (ng/l) (ng/L) (o)
Sample 1 64.3 15.1 360.9 84.9 425.2 314.0 1354
Sample 2 42.0 13.6 267.2 86.4 309.2 339.6 91.1
Sample 3 220.0 36.3 386.7 63.7 606.7 321.1 188.9
Sample 4 19.5 4.5 416.6 95.4 436.7 506.1 86.3
Sample 5 66.4 15.2 371.0 84.8 4374 282.6 154.8
Sample 6 342 12.5 239.5 87.5 273.7 576.7 47.5
Sample 7 174.2 55.1 1423 45.0 316.5 441.6 71.7
Sample 8 335.8 21.1 1210.2 79.2 1527.7 5722 267.0
Sample 9 19.7 1.4 1377.5 98.5 1397.9 858.4 162.9
Sample 10 0 0 719.6 100.0 719.6 1,461.1 493
Sample 11 312.8 100.0 0 0 312.8 338.9 923
Average 1172 19.0 499.2 81.0 614.9 546.6 112.5
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Table 6. Foreign countries TPH fraction analysis in groundwater samples

Analytical Method  Country Fraction Range Procedure method
-Aliphatic : C6-C8, C8-C10, C10-C12, C12-Cl16, . L
C16-C21. C21-C35 n-pentane extraction — Fractionation
TNRCC 1006  USA Texas Aromatic - C7-C8 C,8-C1 0.C10-C12. C12-C16 (n-pentane (aliphatic hydrocarbon) & DCM
c1 6-C’2 L 1-’C3 5 ’ * (aromatic hydrocarbon)) = GC/FID analysis
-Allphath : C6-C8, C8-C10, ClO-C12, C12-C16, DCM extraction — 1 mL concentration — hex-
MADEP EPH USA Cl6-C21, C21-C35 ane solvent transfer — Fractionation (n-hexane
Massach-usetts -Aromatic : C5-C7, C7-C8, C8-C10, C10-C12, (aliphatic hydrocarbon) & DCM (aromatic
C12-Cle, C16-C21, C21-C35 hydrocarbon) — GC/FID analysis
o Sample and surrogate standard injection to
-Aliphatic : C5-C8, C9-C12
MADEP VPH USA ) Aropmatic . C9-C10 Purge & Trap — GC-FID and GC-PID analysis
(2004) Massach-usetts “Target compounds : BTEX, MTBE, Naphthalene (FID : Aliphatic hydrocarbons, PID : Aromatic
and target compounds)
MADEP VPH USA :ii?éllzttllz :_ (C:59:(C:81’0 -C12 Sample and surrogate standard injection to
(2017) Massach-usets -Target compounds : BTEX, MTBE, Naphthalene Purge & Trap — GC/MS analysis
-Aliphatic : C5-C6, C6-C8, C8-C10, C10-C12, ‘ traction — Fractionation (
C12-C16, C16-C35 n-pentane extraction ractionation (n-pen-
TPHCWG USA -Aromatic : C6-C7(Benzene), CT-C8(Toluene), 2 (@liphatic hydrocarbon) &, DCM (Aro-
C8-C10. C10-C12. C12-C16. Cle. matic ‘hydrocarbon) extraction) = GC/FID
C21, C21-C35 analysis
-Aliphatic : C9-C12, C12-C16, C16-C21, C21- DCM extraction— 1 mL concentration— Frac-
NIJDEP EPH USA New C40 tionation (n-hexane : Aliphatic hydrocarbon &

-jersey
C36

-Aromatic : C10-C12, C12-C16, C16-C21, C21- DCM : Aromatic hydrocarbon) extraction) —

GC/FID analysis

C21, C21-C3622 A=A,

7 YA AR AAE vl A7, 13} Al 5
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silon, BB = 23] i) ulg} Baie] 2}
o7} WMEHA] %= TNRCC 1006 methodE 7%= 3}
o] BFEAS A
TPH 8] #4 A] $sid%7 2 A48 estas}
a9 A7AK £ RBCA, CCMECIA AAEE G-Fo i
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HAEE A6} tTable 7). RBCA®} CCMES] 34
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F= &35 C5-C7) ﬂ%sﬁ < o 133
CCME®] 7% &7t & 2870 3 3=
>C34ys F7HCE g 31s g1 & AUTh
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Table 7. RfD (reference dose) and RfC (reference concentration) values of RBCA and CCME TPH fractions

RfD (mg/kg/day) RfC (mg/m?)
RBCA CCME RBCA CCME
C5-C6 0.06 18
C5-C6 - -
(>53% n-hexane) 0.06 0.67
C6-C8 0.06 18
C6-C8 5 18.4
S (>53% n-hexane) 0.06 0.67
Aliphatic C8-C10 0.1 0.1 0.5 1
C10-C12 0.1 0.1 0.5 1
C12-Cl16 0.1 0.1 0.5 1
Cl6-C21 2 2 - -
C21-C34 1.6 2 - -
>C34 - 20 - -
C5-C7 0.004 - 0.28 -
C7-C8 0.1 0.2 1.9 0.4
C8-C10 0.04 0.04 02 0.2
. C10-C12 0.04 0.04 02 0.2
Aromatic
C12-Cl16 0.04 0.04 0.2 0.2
Cl6-C21 0.03 0.03 - -
C21-C35 0.03 0.03 - -
>C34 - 0.03 - -

* RBCA Tool kit for chemical releases, version 2.0

* CCME, 2008, Canada-wide standard for petroleum hydrocarbons (PHC) in soil: scientific rationale supporting technical document
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Fig. 5. Baselines of (a) DB-5 MS UI column and (b) DB-5 HT column analysis.
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