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Abstract
The photocytotoxicity of 16 polycyclic aromatic hydrocarbons (PAHs) on the priority pollutant
list of the United States Environmental Protection Agency (US EPA) were tested in human skin
HaCaT keratinocytes. A selected PAH was mixed with HaCaT cells and irradiated with a solar
simulator lamp for a dose equivalent to 5 min of outdoor sunlight and the cell viability was
determined immediately and also after 24 h of incubation. For the cells without incubation after
the treatments, it is found that all PAHs with three rings or less, except anthracene, are not
photocytotoxic, while the four or five-ring PAHs (except chrysene), benz[a]anthracene,
dibenzo[a,h]anthracene, benzo[ghi]perylene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene,
benzo[b]fluorenthene, fluorenthene, and pyrene, are photocytotoxic to the human skin HaCaT
keratinocytes. If the cells were incubated for 24 h after the treatments, the photocytotoxic effect of
the PAHs was greatly amplified in comparison to the nonincubated cells. For the 24 h incubated
cells, all PAHs except naphthalene exhibit photocytotoxicity to some extent. Exposure to 5 μM of
the 4- and 5-ring PAHs (except chrysene) and 3-ring anthracene more than 80% of the cells lose
viability. The photocytotoxicity of the PAHs correlates well with several of their excited state
properties: light absorption, excited singlet-state energy, excited triplet-state energy, and HOMO-
LUMO energy gap. All the photocytotoxic PAHs absorb light at >300 nm, in the solar UVB and
UVA region. There is a threshold for each of the three excited state descriptors of a photocytotoxic
PAH: singlet energy <355 kJ/mol (corresponding to 337 nm light), triplet energy <230 kJ/mol
(corresponding to 520 nm light), HOMO-LUMO gap <3.6 eV (corresponding to 344 nm light)
obtained at the Density Functional Theory B3LYP/6-31G(d) level.
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INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a class of environmental contaminants that
absorb sunlight in the UVA range (320–400 nm). Some of the PAHs with 4 or more rings
also absorb visible light (>400 nm). It has been reported that PAHs are generally more toxic
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when they are exposed to light than kept in the dark (Landrum et al., 1987; Arfsten et al.,
1994; Huang et al., 1995; Betowski et al., 2002; Yu, 2002; Yan et al., 2004). Absorption of
light energy can promote PAHs to their higher electronic states. The excited state energy can
be released by emitting light or heat, or transferred to molecular oxygen, solvent molecules,
or biological molecules in the cell to generate reactive oxygen species (ROS), reactive
intermediates, free radicals, or photo-modified PAH products that can damage cellular
constituents, resulting in toxicity such as genotoxicity (Foote, 1976; Huang et al., 1995;
Betowski et al., 2002; Yu, 2002). Human contamination with PAHs and their photoproducts
is mainly through skin absorption, inhalation, or food consumption (Baum, 1978; Pitts,
1979; Connell et al., 1997). The United States Environmental Protection Agency (US EPA)
has classified some of the PAHs as probable human carcinogens (USEPA, 1982; National
Toxicology Program, 1998). PAHs can induce cancer tumor, primarily in the skin, lungs,
and bladder (Conney, 1982; Dipple, 1985; Connell et al., 1997; National Toxicology
Program, 1998; Warshawsky, 1999). Naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, dibenzo[a,h]anthracene,
benzo[ghi]perylene, indeno[1,2,3-cd]pyrene are listed as priority pollutants by the US EPA
(USEPA, 1982).

It has been demonstrated that PAHs are photocytotoxic in fish (Schirmer et al., 1998),
photocytotoxic and photomutagenic in bacteria (Yan et al., 2004). The question is whether
these results are relevant to humans. The use of a human skin cell line for toxicity test would
provide some direct evidences. It has been shown that human keratinocytes are suitable for
the study of human biology and disease processes involving the skin (Barlow and Pye,
1997). Keratinocytes are the predominant cell type in the epidermis, and HaCaT is the first
permanent epithelial cell line from adult human skin that exhibits normal differentiation
(Boukamp et al., 1988). It can be cultured using highly specialized media, providing direct
testing of photobiological effects by light (Leigh et al., 1996). Therefore, the use of human
HaCaT keratinocytes to investigate the in vitro cytotoxic and photocytotoxic effects of
PAHs brings a direct link to the in vivo situation in the human skin. In this study, we report
the cytotoxicity and photocytotoxicity of the 16 priority PAHs Figure 1 on HaCaT
keratinocytes and a relationship between photocytotoxicity and PAH excited state
properties, such as excited triplet- and singlet-state energy, light absorptivity, and HOMO–
LUMO energy ap, will be established.

MATERIALS AND METHODS
Material

HaCaT keratinocytes, a transformed human epidermal cell line (Boukamp et al., 1988), were
obtained from Dr. Norbert Fusenig of the German Cancer Research Centre (Heidelberg,
Germany). Fetal bovine serum (FBS), Dulbecco’s minimum essential medium (DMEM) and
trypsin EDTA solution were purchased from American Type Cell Culture (Manassas, VA).
Naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, benzo[a]anthracene, benzo[k]fluoranthene, chrysene, benzo[a]pyrene,
dibenzo[a,h]anthracene and benzo[ghi]perylene were from Sigma-Aldrich (St. Louis, MO).
Benzo[b]flouranthene and indeno[1,2,3-cd]pyrene were from Ultra Scientific (North
Kingstown, RI). Penicillin/streptomyocin, dimethyl sulfoxide (DMSO), and phosphate
buffered saline (PBS) were from Fisher Scientific (Houston, TX).

Cell Culture and Treatment
The HaCaT cells were grown in DMEM with 10% FBS and 1% penicillin/streptomyocin.
The cells in 25 cm2 culture flasks were incubated with 5% CO2 at 37°C in a humidified
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incubator. After the HaCaT cells grew to the expected concentration, they were harvested by
trypsinizing the cell with 0.25% trypsin/EDTA and incubated at 37°C for 5 min to obtain the
complete cell detachment. After the cell suspension was centrifuged at 2000 rpm for 3 min,
cell pellets were resuspended, and washed twice with 1× PBS. The cell suspension in 1×
PBS was counted and adjusted to 1× 105/mL.

Cytotoxicity Test
A HaCaT keratinocyte suspension (100 μL in 1× PBS with a cell concentration of 1 × 105

cells/mL) and a PAH solution (100 μL in 1× PBS with 4% DMSO) were combined in each
well of two 96-well plates. PAH solutions with a desired concentration were prepared by
serial dilutions of the DMSO stock solutions with 1× PBS. On the basis of a previous study
(Yan et al., 2004), the minimum PAH concentrations that can lead to photomutagenicity are
different for each PAH and can be divided into two general groups: one that causes
photomutagenicity at lower concentrations (<25 μM) and the other at higher concentrations
(>25 μM). For the current photocytotoxicity test, the doses for the strong photomutagenic
PAHs in Salmonella typhimurium TA 102 (Yan et al., 2004), anthracene, benz[a]anthracene,
benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene, and pyrene, were 0, 0.008,
0.04, 0.2, 1, and 5 nmol/ well (or 0, 0.04, 0.2, 1, 5, and 25 μM) and doses for the weaker or
nonphotomutagenic PAHs, acenaphthene, acenaphthylene, benzo[k]fluoranthene, chrysene,
fluorene, benzo[b]fluoranthene, fluoranthene, dibenzo[a,h]anthracene, naphthalene and
phenanthrene, were 0, 0.2, 1, 5, 25, 125 nmol/ well (or 0, 1, 5, 25, 125, and 625 μM),
respectively.

There were two six-well sets for each concentration of a PAH for cytotoxicity test, one set
was the control without light irradiation and the other was irradiated by a 300-W Xe lamp
from ORIEL Instruments (Stratford, CT) that produces a simulated solar radiation.
Irradiation time of 5 min was chosen to achieve a light dose of 1.1 J/cm2 of UVA and 2.1 J/
cm2 of visible light, which are equivalent to 5 min sunlight irradiation at 11 a.m. in a clear
day during March to July in Jackson, Mississippi (UVA: 0.95–1.5 J/cm2, Visible: 3.2–4.5 J/
cm2), based on measurements of outdoor sunlight intensity. After light irradiation, the
treated cells were either immediately tested for cell viability or incubated for 24 h before the
test. Each well was added with fluorescein diacetate (FDA, 100 μL, 10 ng/mL) and
incubated for 35 min at 37°C in a 5% CO2 incubator. FDA is a nonpolar compound which
readily diffuses into cell where intracellular esterase hydrolyzes the dye to produce
fluorescein (Rotman and Papermaster, 1996). Fluorescence intensity of FDA, which is
proportional to the number of viable cells, is read using a Biosystem Fluoroskan II
microplate reader (Helsinki, Finland) with filters set at 538 nm (emission) and 485 nm
(excitation). Differences between the light exposed and the control groups without light
irradiation were performed by one-way analysis of variance (ANOVA; The SAS System for
windows, version 8, SAS Institute, Gary, NC, USA). Means were separated by Tukey’s test.
Differences at P < 0.05 were considered significant.

Light Absorptivity of the PAHs
Relative light absorptivity of the 16 PAHs was calculated by multiplying the emission
spectra of the lamp and the PAH’s absorption spectra at each wavelength in the range of
300–700 nm, followed by integrating the area under the resulting curve (Krylov et al.,
1997). The emission spectrum of the 300-W Xe lamp was recorded on a Fluoromax-2
spectrofluorometer from Instruments S.A. Inc. (Trenton, NJ) in the range of 300–700 nm. A
Pyrex glass filter was used to mimic the irradiation condition. The absorption spectrum of
each PAH was recorded on a CARY 300 UV-VIS spectrophotometer from Varian Inc.
(Houston, TX). After integration, the absorptivity of each PAH was normalized to that of
indeno[1,2,3-cd]pyrene.
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Computation of Excited State Singlet and Triplet Energies, HOMO–LUMO Gaps
Density functional (DFT) B3LYP method has been demonstrated to predict excellent
geometries and energies (Bauschlicher et al., 1995; El-Azhary and Suter, 1996). Therefore,
the ground- and triplet-state species of PAHs were studied using the B3LYP nonlocal
density functional approximation (Lee et al., 1988; Miehlich et al., 1989; Becke, 1993;
Stephens et al., 1994). The geometry of the ground- and triplet-state structures was
optimized by means of the Berny approach, a modified Schlegel method (Schlegel, 1982).
Vibration frequency calculations were performed to confirm that the obtained geometries
represent minimum energy structures. The solvent effect was included by the polarized
continuum model using the integral equation formalism (Cances et al., 1997). In this model,
the liquid is represented by a dielectric continuum, characterized by its dielectric constant ε
(ε = 78.39 for water). The solute is placed in a cavity created in the continuum. The
distribution of electronic density of the solute polarizes the continuum and generates an
electric field inside the cavity, which in turn affects the geometry and electronic structure.

The singlet- and triplet-state energies were obtained using the TD-DFT method. TD-DFT
has been recently shown to yield relatively accurate excitation energies for large molecules
(Straman et al., 1998; Sheng et al., 2004), and in some cases the TD-DFT results are
qualitatively comparable to those of CAS-PT2 calculations, although at substantially lower
computational costs. Therefore, the excitation energy calculations were carried out at the
TD-DFT level employing the 6-31G(d) basis set with the geometries having been optimized
at the B3LYP/6-31G(d) level. The HOMO (Highest Occupied Molecular Orbital) and
LUMO (Lowest Unoccupied Molecular Orbital) energy levels were also obtained at the
B3LYP/6-1G(d) level. All the calculations were performed using the Gaussian 03 quantum
chemistry package (Frisch et al., 2004).

RESULTS
Figure 2 shows the viability of human skin HaCaT keratinocytes exposed to several
concentrations of a PAH in PBS with 5 min irradiation using the solar simulator lamp along
with the control without light irradiation. Based on the immediate cell viability data with or
without light irradiation shown in Figure 2(a–c) and the cell viability percentage listed in
Table I, the 16 PAHs are divided into three groups. For the first group of PAHs, shown in
Figure 2(a) for benzo[a]pyrene as an example, the percent of viable HaCaT cells decreases
due to the exposure to light irradiation and the increasing concentration of the PAH in the
range of 0–5 μM (P < 0.05 at 5 μM), while there is no cytotoxicity if without light
irradiation. All these PAHs are clearly hotocytotoxic to HaCaT keratinocytes. This group
includes seven PAHs: anthracene, benzo[a]pyrene, benzo[ghi]perylene,
dibenzo[a,h]anthracene, fluoranthene, indeno[1,2,3-cd]pyrene, and pyrene. For the second
group of PAHs, shown in Figure 2(b) for benzo[b]fluoranthene as an example, the percent of
viable HaCaT cells decreases with the increase of the concentration of the PAHs, with or
without light irradiation. However, it is obvious that the cell viability decrease is much more
for the light irradiated samples. Therefore, these PAHs are both photocytotoxic and
chemical cytotoxic. This group includes two PAHs: benz[a]anthracene and
benzo[b]fluoranthene. The third group of PAHs, shown in Figure 2(c) for anthenaphthylene
as an example, is generally not photocytotoxic or chemical cytotoxic. They are only weakly
photocytotoxic at high concentrations of >125 μM. This group includes the remaining sevel
PAHs: acenaphthene, acenaphthylene, benzo[k]fluoranthane, chrysene, fluorene,
naphthalene, and phenanthrene.

If the cells were incubated for 24 h after the treatment with 5 min irradiation in the presence
of 5 μM of a PAH, all PAHs, except naphthalene, showed some degree of photocytotoxicity
in comparison to the control without light irradiation (P < 0.05). These data are also listed in
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Table I. The cytotoxicity data for the 24 h incubated cells parallels the data without
incubation, but is greatly amplified. In general, the normalized cell viability for the
nonincubated cells treated with the photocytotoxic PAHs ranged from 56–87%, while the
viability for 24 h incubated cells for the same PAHs was <15% (except for
dibenz[a,h]anthracene which is 38%). The nonphotocytotoxic PAHs determined without
incubation showed to be photocytotoxic after 24 h incubation, with the normalized cell
viability in the range of 64–78%. Benzo[k]fluoranthene even decreased to 31%. Therefore, it
clearly showed that the 24 h incubation data were more sensitive to the test than the data
without incubation. We also carried out the 48 h incubation and the resultant cell viability
was about the same as the 24 h incubation results (data not shown).

As shown in Table I, the relative light absorptivity of the 16 PAHs can be divided into three
general groups: (i) strong absorbing PAHs (0.36–1.0): anthracene, benzo[k]fluoranthene,
benzo[a]pyrene, dibenz[a,h]anthracene, indeno[1,2,3-cd]pyrene; (ii) medium absorbing
PAHs (0.12–0.25): acenaphthylene, fluoranthene, pyrene, benz[a]anthracene,
benzo[a]fluoranthene, and benzo[ghi]perylene; and (iii) weak absorbing PAHs (0.02–0.07):
naphthalene, acenaphthene, fluorene, phenanthrene, and chrysene. Looking across the table,
it is easy to see that all the photocytotoxic PAHs (in bold face) absorb light in the lamp’s
emission range of >300 nm.

The computed singlet- and triplet-excited state energies and the HOMO-LUMO gaps are
also listed in Table I. The singlet excited state energies range from 281 to 447 kJ/mol and
the triplet excited state energies range from 173 to 293 kJ/mol for the 16 tested PAHs.
Anthracene, acenaphthylene, benzo[a]pyrene, benzo[ghi]perylene, and indeno[1,2,3-
cd]pyrene have the lowest excited singlet as well as the excited triplet state energies. These
same PAHs also have the smallest HOMO-LUMO gaps.

DISCUSSION
PAHs have been known to be phototoxic for a long time (Landrum et al., 1987; Arfsten,
1994; Yu, 2002). Reports of PAH phototoxicity on various cells, plants, microorganisms,
and animals have been published (Kagan and Kagan, 1986; Huang et al., 1993; Utesch et al.,
1996; Pelletier et al., 1997; Swartz et al., 1997; Schirmer et al., 1998). Structure and
phototoxicity relationships have also been reported in plant species and fish (Huang et al.,
1993; Arfsten et al., 1996; Schirmer et al., 1998). However, this is the first study on human
skin cells using the most representative PAHs. Although human beings can get contaminated
with PAHs through food consumption and respiration, contamination through absorption
onto the skin is inevitable. Humans contaminated with PAHs are also likely to be exposed to
the sunlight irradiation. Thus, the study of the photocytotoxic effect of PAHs in skin cells is
relevant to human health.

A typical phototoxic compound either absorbs light or can be sensitized by coexisting light-
absorbing molecules. Upon receiving light energy directly or from another molecule through
sensitization, the phototoxic molecules usually go through a series of excited state reactions
to exert toxicity. PAHs mostly absorb the sunlight directly in the UVA/UVB and some in
the visible region (Dabestani and Ivanov, 1999). Upon light absorption, PAHs will be
promoted to the excited singlet state and a series of excited state transitions and/or reactions
may occur as shown in Figure 3. In addition to fluorescence and nonradiative decay of the
singlet state by internal conversion, the singlet state molecules can intersystem cross to its
triplet state. Both the singlet and triplet excited state molecules can react with the
surrounding molecules to generate reactive species such as singlet oxygen, superoxide, free
radicals of PAH or biological molecules, and reactive intermediate products. Singlet oxygen
and free radicals have been suggested to be some of the reactive intermediates leading to
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DNA cleavage or formation of DNA-PAH covalent adducts (Dong et al., 2000; Dong et al.,
2002; Yu, 2002), oxidation of guanine (Liu et al., 1998), or lipid peroxidation (Yu et al.,
2006; Yan et al., 2006). The main photochemical reaction for PAHs is the reaction with
molecular oxygen leading to more water-soluble oxygenated compounds (Yu, 2002).
Photoreaction of PAHs generally increases the toxicity by formation of new photoproducts
with toxicological properties distinct from the parent PAHs (Huang et al., 1993; Krylov et
al., 1997).

Theoretically, the larger the conjugated π-orbital system, the greater is the absorption at
longer wavelengths. The light absorptivity of the four- or more-ring PAHs are greater than
that of the two- or three-ring PAHs. There is no acute photocytotoxicity for the two- or
three-ring PAHs except anthracene, while all the four- or more-ring PAHs are acutely
photocytotoxic, except chrysene and benzo[k]fluoranthene which are not photocytotoxic at
the concentration of 0–5 μM. The light absorptivity of anthracene, due to its linear
arrangement of the three benzene rings, is much greater than the other three-ring PAHs.
Therefore, anthracene is also much more photocytotoxic than the other three-ring PAHs.
After 24 h incubation, the five-ring benzo[k]fluoranthene also becames photocytotoxic while
chrysene was still the weakest photocytotoxic among the four-ring PAHs. The reason that
chrysene is not strongly phototoxic is because chrysene absorbs the >300 nm light very
weakly (light absorptivity of 0.054 in Table I). It was shown before that chrysene photolyzes
very slowly in pure water irradiated by UVA light (Xu et al., 2004). Therefore, we can
conclude that most of the photocytotoxic PAHs in the human skin HaCaT keratinocytes
absorb light in the strong or medium range.

The DFT-computed triplet and singlet excited state energies are listed in Table I. The
relationship between the excited state energy and cell viability is presented in Figure 4. The
cell viabilities were normalized to the control (without light irradiation). The results for the
toxicity test without incubation are very scattered and the general trend is that the lower the
excited state energy, the stronger is the photocytotoxicity [Fig. 4(a)]. However, the 24 h
incubation data clearly points to a threshold excited state energy and the cell viability [Fig.
4(b)]. It can be seen that the most photocytotoxic PAHs tended to have the singlet excited
state energy of <355 kJ/mol (under line 1) and the triplet excited state energy of <230 kJ/
mol (under line 2). There are two exceptions, acenaphthylene and chrysene. Since chrysene
does not absorb light at >300 nm used for these experiments (Table I) as discussed earlier, it
is logical to believe that only very small amounts of the chrysene molecules get to the
excited state to cause photocytotoxicity to the HaCaT cells. As for acenaphthylene, we do
not have a good explanation. Nonetheless, 15 out of 16 PAHs follow the pattern that certain
excited state energy level is necessary for the molecule to achieve the photocytotoxicity.

There is also a threshold level for the HOMO-LUMO energy gap as it is for the excited
singlet and triplet state energies. All the photocytotoxic PAHs have a HOMO-LUMO gap of
<3.6 eV [Fig. 4(c)]. It was demonstrated that the HOMO-LUMO gap was one of the indexes
of molecular electronic structure related to light absorption and chemical reaction of the
PAHs (Mekenyan et al., 1994; Chen et al., 1996; de Lima Ribeiro and Ferreira, 2005).
Newsted et al. (1987) reported that chemicals with a HOMO-LUMO gap of less than 7.1 ±
0.4 eV calculated at the semiempirical AM1 level were considered phototoxic. This HOMO-
LUMO gap values of about 7.1 eV were too high compared to the experimental data, which
is in the range of 3–4 eV as summarized by Dabestani and Ivanov (1999). Betowski et al.
(2002) reported the excited singlet state energy at the CIS/6-31G and CIS/6-311G(d,p) level.
However, the CIS excitation energies, as well as the energy obtained through the
semiempirical and ab initio Hartree-Fock methods, are always higher than the experimental
values (Kubicki et al., 1999). The TD–DFT excitation energies have been proved to be in
close agreement with the experimental values for other molecules (Sheng and Leszczynski,
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2004). Therefore, since the excitation energies obtained at the TD-DFT B3LYP/6-31G(d)
level in this work are in good agreement with the experimental values, the HOMO-LUMO
gap value critical for phototoxicity in the skin cells should be <3.6 eV, instead of the
previous reported 7.1 eV (Newsted and Giesy, 1987). Again acenaphthylene is the one
exception. The lower absolute hardness (HOMO-LUMO gap) is associated with lower
stability of aromatic molecules (Gutman et al., 1977 a,b). This clearly indicates that the <3.6
eV HOMO-LUMO gap is critical for PAH’s photocytotoxicity in keratinocytes.

CONCLUDING REMARKS
In conclusion, 9 of the 16 EPA priority PAHs are strongly photocytotoxic to human skin
HaCaT keratinocytes under our test conditions. All of them, except naphthalene, exhibit
photocytotoxicity to different extents if the cells were incubated for 24 h after irradiation.
The photocytotoxicity clearly depends on the size of the conjugated system and the
arrangement of the rings of the PAHs. While the 4-ring and 5-ring PAHs, except chrysene
which does not absorb the light used for this study, are all strongly photocytotoxic; and only
anthracene among the 3- or 2-ring PAHs is strongly photocytotoxic due to its linear ring
arrangement that lowers the HOMO-LUMO energy gap or excited state energies that allow
anthracene to absorb the light used. The photocytotoxicty strongly depends on the singlet
and triplet excited state and the HOMO-LUMO energy gap. Among the 16 tested PAHs,
there appears to be a threshold for the excited state energies for the strong photocytotoxic
ones: singlet excited state energy of <355 kJ/mol, triplet excited state energy of <230 kJ/
mol, and HOMO-LUMO gap of <3.6 eV; and these energies’ corresponding wavelength of
light are 337, 520, and 344 nm, respectively. The singlet excited state energy and the
HOMO-LUMO energy gap, important indicators for light absorption, match the wavelength
of light used in this experiment of >300 nm.

Since human exposure to PAHs in the skin is inevitable, these results provide direct
evidence that PAHs can be harmful to humans in the skin when exposed to light. Therefore,
phototoxicity of PAHs, in addition to the known toxicity associated with metabolism, needs
to be considered for risk assessment for PAHs.
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Fig. 1.
Chemical Structure and ring-numbering system for the 16 priority PAHs.
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Fig. 2.
Viability of HaCaT cells due to the exposure to a PAH with (◆) or without (□) light
radiation. The cell viability was measured without further incubation following treatment.
The light dose was 1.1 J/cm2 UVA + 2.1 J/cm2 visible, equivalent to 5 min under the
outdoor sunlight. The results were expressed as a percentage of the reading in control wells.
Error bars were the mean of six culture wells.
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Fig. 3.
Excited state reactions of PAHs leading to the formation of reactive intermediates
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Fig. 4.
Relationship between the exited state energy and cell viabilities after 5 min irradiation in the
presence of 5 μM of a PAH without (a) or with (b) and (c) 24 h incubation.
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