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Enhanced Transport and Risk of a Highly Nonpolar Pollutant
in the Presence of LNAPL in Soil-groundwater System:
In Case of p-xylene and benz|a]anthracene
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ABSTRACT

Characterizing the risk posed by a mixture of chemicals is a challenging task due to the chemical interactions of individual
components that may affect their physical behavior and hence alter their exposure to receptors. In this study, cell tests that
represent subsurface environment were carried out using benz[a]anthracene (BaA) and p-xylene focusing on phase-
transforming interaction to verify increased mobility and risk of highly sorbed pollutants in the presence of less sorbed,
mobile liquid pollutants. A transport model was also developed to interpret results and to simulate the same process on a
field scale. The experimental results showed that BaA had far greater mobility in the presence of p-xylene than in the
absence of that. The main transport mechanisms in the vadose zone were by dissolution to p-xylene or water. The
transport model utilizing Defined Time Steps (DTS) was developed and tested with the experimental results. The predicted
and observed values showed similar tendency, but the more work is needed in the future study for more precise modeling.
The field-scale simulation results showed that transport of BaA to groundwater table was significantly faster in the
presence of NAPL, and the oral carcinogenic risk of BaA calculated with the concentration in groundwater was 15~87
times larger when mixed with NAPL than when solely contaminated. Since transport rate of PAHs is very slow in the
subsurface without NAPL and no degradation of PAHs was considered in this simulation during the transport, the increase
of risk in the presence of NAPL is expected to be greater for the actual contaminated site.

Key words : Risk assessment, Exposure assessment, Chemical mixture, Polycyclic aromatic hydrocarbons (PAHs),
Light Non-Aqueous Phase Liquid (LNAPL), Phase transformation
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Table 1. Properties of Joomoonjin standard sand

Table 2. Condition of the test cell

Property Value Property Value
. . . #10 mesh (0%), #40 mesh (100% Capill fringe 7.96 cm
Particle Size (% Retained) Medium s;nd )(USCS) ( : Grcp:unidlzater gﬂow rate 3 mL/min
Porosity 0.43 Groundwater retention time 2 hr
Buld Density (g/cm®) 1.50 0 0.230
Particle Density (g/cm’®)  2.63 59 0.180
Organic Matter Content (%)0.138 94 0.033
. 13.6 0.025
IARC(1998a, 1998b)%} US EPA(2006)°l41&= o] ztzt Water saturation Depth (em) ¢ 0.034
group 2A(probably carcinogenic to human)$} group 220 0.169
B2(probable human carcinogen)@ 73 W H2 & 262 0.583
W AT glo) B Aol Helshe AP 04 0807
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At 97 Uiolrle] 83 ol RIS 91T Aeel) A DTS OSSO pepy gy D0 T
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=719] E&ll(medium sand)2] 271 27| 9181 109
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22.0 100.000 cm’
26.2 100.000 cm’
30.4 100.000 cm’
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Water
Tank

- Simulation 8

rate Pump 20 em

Fig. 1. Scheme of cell experiment.
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Carcinogenic Risk= Cx EFXEDXIRXAF, of 1)
BWxAT

C: L9E49] 5% (Concentration)

EF: =Z¥1 % (Exposure Frequency, days/year)
ED: =Z7)7}(Exposure Duration, years)

IR: 585 (In-take Rate, mg/day)

AF: Z<7A157(Absorption factor)

Bw: 5~8A|2] AF(body weight, kg)

AT: 11717} (Averaging Time, years)

SF: WFa #HA9=(Slope Factor, kg-day/mg)
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Fig. 2. Comparison of benz[alanthracene concentrations in
effluent at different test conditions.
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Fig. 3. Comparison of p-xylene concentrations in effluent at
different test conditions.

Table 3. Carcinogenic risk results

with NAPL without NAPL
Instantly reaches Gradually increases to a
Tendency . . . .
saturation concentrationspecific concentration
Carcinogenic ,2 ,
risk at 60" day 371 %10 4.82 x 10
Maximum 3.71 %107 248 %107

carcinogenic risk
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Fig. 4. Comparison of observed and predicted concentration of p-Xylene and Benz[a]anthracene in effluent.

AFA ol 7} =hu,
B AT HleRRAmshlg ST #oe s

AFA(R11-2003-006-05001-0)2F A-2-th&kal SIR BK21(QF
Aefar A&7bedt A7) ARRIEe] 478l A 105 S131128), 2001, gk AR 1971-2000 42X
o7 FYEeH, Aetidh FekdTAe] 7EF A QA A AR, AL, el

Journal of KoSSGE Vol. 12, No. 4, pp. 25~31, 2007



LNAPLS| 9J3+ 454 §719. 8549 X518 U] o5 WHalr $Isld S710ll vIXl= 43k p-xylene} benz[alanthracene®] 73-%- 31

3573, 2007, LNAPLYY 2] 3} benz[aJanthracene ] A3}
benz[a]anthracene®] |3 =0l ¥ X< FF A-2hstnl sk
ATAAN D FIE NS =

Agency for Toxic Substances and Disease Registry, 1995, Tox-
icological Profile for Polycyclic Aromatic Hydrocarbons, US
Department of Health and Human Services, Atlanta, GA, USA.,
p- 209-221.

ATSDR, see Agency for Toxic substances and Disease Registry.

Brown, D.G, Knightes, C.D., and Peters, C.A., 1999, Risk
assessment for polycyclic aromatic hydrocarbon NAPLs using
component fractions, Environ. Sci. Technol., 33(24), 4357-4363.

Hertzberg, R.C. and MacDonell, M.M., 2002, Synergy and other
ineffective mixture risk definitions, Sci. Total Environ., 288, 31-
42,

TARC, see International Agency for Research on Cancer.

International Agency for Research on Cancer, 1998a, IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans: Volume 3. Certain Polycyclic Aromatic Hydrocarbons
and Heterocyclic Compounds-Summary of Data Reported and
Evaluation, World Health Organization, International Agency
for Research on Cancer, Lyon, France.

International Agency for Research on Cancer, 1998b, IARC
Monographs on the Evaluation of Carcinogenic Risks to
Humans: Volume 32. Polynuclear Aromatic Compounds, Part 1,
Chemical, Environmental and Experimental Data-Summary of
Data Reported and Evaluation, World Health Organization,
International Agency for Research on Cancer, Lyon, France.

Jafvert, C.T., Lane, D., Lee, L.S., and Rao, P.S.C., 2006 Parti-
tioning of mono- and poly-cyclic aromatic hydrocarbons in a
river sediment adjacent to a former manufactured gas plant site,
Chemosphere, 62(2), 315-321.

Knauss, K.G. and Copenhaver, S.A., 1995, The solubility of p-
xylene in water as a function of temperature and pressure and
calculated thermodynamic quantities, Geochim. Cosmochim.

Acta, 59(12), 2443-2448.

Potter, T.L. and Simmons, K.E., 1998, Total Petroleum Hydro-
carbon Criteria Working Group Series Volume 2: Composition
of Petroleum Mixtures, Amherst Scientific Publishers, MA,
USA.

Ramaswami, A. and Luthy, R.G, 1997, Mass transfer and bio-
availability of PAH compounds in coal tar NAPL-slurry sys-
tems .1. Model development, Environ. Sci. Technol., 31(8),
2260-2267.

Russold, S., Schirmer, M., and Piepenbrink, M., 2006, Model-
ing the impact of a benzene source zone on the transport behav-
ior of PAHs in groundwater, Environ. Sci. Technol., 40(11),
3565-3571.

Teuschler, L.K., 2006, Deciding which chemical mixtures risk
assessment methods work best for what mixtures, Toxicol. Appl.
Pharmacol., in press, Online ver. available, http://www.science-
direct.com/science/journal/0041008X.

US Environmental Protection Agency, 1991, Role of the Base-
line Risk Assessment in Superfund Remedy Selection Deci-
sions (OSWER Directive 9355.0-30), Environmental Protection
Agency, Office of Solid Waste and Emergency Response, Wash-
ington, D. C. , USA.

US Environmental Protection Agency, 2000, Supplementary
Guidance for Conducting Health Risk Assessment of Chemical
Mixtures, Risk Assessment Forum, US Environmental Protec-
tion Agency, Washington, D. C., USA.

US Environmental Protection Agency, 2003, Framework for
Cumulative Risk Assessment, Risk Assessment Forum, US
Environmental Protection Agency, Washington, D. C., USA.

US Environmental Protection Agency, 2007, Updated Monthly,
Integrated Risk Information System (IRIS), Environmental Pro-
tection Agency, National Center for Environmental Assess-
ment, Office of Research and Development, OH, USA.

US EPA, see US Environmental Protection Agency.

Journal of KoSSGE Vol. 12, No. 4, pp. 25~31, 2007



