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Abstract
The aim of this study was to evaluate the efficiency of fluorescence intensity measurement of PAH metabolites
in fish bile (by Fixed Wavelength Fluorescence, FF) to study and assess PAHs contamination in aquatic organism.
Nile tilapia (Oreochromis niloticus) was exposed to benzene, fluorene, anthracene, chrysene, and benzo[a]pyrene
at non-lethal concentrations. The results showed that the fluorescence intensity and EROD activity were
significantly increased with increase in exposure times and PAH concentrations. Moreover, the results of both
methods had significantly positive relation. The maximum values were reached in 16 day after exposure. Thus,
fluorescence intensity measurement by FF technique could be used as a potential tool for environmental study in
the case of PAHs contamination in aquatic environment.
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1. Introduction
PAHs, a group of carcinogenic substance, are widely found in the environment especially in the aquatic
environment created and released during the incomplete combustion of organic materials, especially fossil fuel
such as oil and coal (Brion & Pelletier, 2005).
In the aquatic environment, they are found accumulate in both organisms and sediments because of their very
low water solubility (Björk, 1995; Baumard et al., 1998; Ching et al., 2000). In the organism body, they are
transformed to the metabolite with higher water solubility by enzymes in detoxification process (Machella et al.,
2005). However, these processes can also stimulate their carcinogenic property making them attach on DNA
chain and then disturb DNA translation and transcription (Machella et al., 2005; Yang & Baumann, 2006).
Due to the effect of PAHs on the organisms mentioned above, the environmental scientist have looked for the
best practices or techniques with fast, easy, reliable, and non expensive to study and monitor their fate,
transformation processes, accumulation and effecting mechanisms in the organism body. A method wildly used is
Ethoxyresourfin-O-Deethylase (EROD) activity measurement (Blanc et al., 2010; Bosveld et al., 2002;
Fouchécaurt et al., 1999; Shaw et al., 2004; Yang & Baumann, 2006). This method have the advantage of
antigen-antibody specific making it very reliable, however, it requires more experimental skill of worker and
quite expensive. Thus, we want to look for the potential alternative method; PAHs metabolite fluorescence
intensity measurement by Fixed wavelength fluorescence (FF). This method have been used in some studied
(Beyer et al., 2010; Neves et al., 2007) because of its quite simple, fast, reliable, and non expensive.
The aim of this study was to evaluate the efficiency of PAHs metabolite fluorescence intensity measurement by
comparing with EROD activity measurement to study PAHs contamination in the aquatic environment.
2. Materials and Methods
The representative organisms used in this study was male Nile tilapia (Oreochromis niloticus) measuring 3-4
inches. They were obtained from the Chonburi Inland Fisheries Research and Development Center, Chonburi
provence, Thailand. Before the experiment, they were allowed to acclimatize the new environment for about 1-2
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weeks in 1 m3 tank with aerated tap water and constant temperature of 23.0-25.5oC. Approximately, 5 % of the
water in this tank was replaced every day. After that, the fish was transferred to the experimental tank and
divided into 7 groups; 6 experimental groups and a control group. The experimental groups exposed to benzene,
fluorene, anthracene, chrysene and benzo[a]pyrene in concentration of 0.05, 0.1, 0.5, and 1.0 ppm (selecting
based on LC50 and NOEL at 96 h) while the control group exposed to 0.2 ml/l acetonitrile. All treatment was
tested in continuous flow condition and 4% of treated water with same PAHs concentration was replaced every
day. Daily values of pH, DO, and temperature were recorded. Next, the fish samples were taken at 0, 2, 4, 8, and
16 day. Fish bile metabolites was extracted by using the method modified from Aas et al. (1998) and Britvic,
Lucie, & Kurelec (1993), then the metabolites was measured the fluorescence intensity. Fish liver was extracted
to measure EROD activity following the method of ICES (1998) and Burke & Mayer (1974). For statistical
analysis, the variance was analyzed by ANOVA and the normal of data testing was analyzed by Shapiro-Wilk
test and log-transformed. SPSS analysis was done for evaluate the relation between the fluorescence intensity of
PAHs metabolites in bile and EROD activity level in liver at confidential level of 95%.
3. Results and Discussion
3.1 Pahs Metabolites Fluorescence Intensity
Figure 1 shows the fluorescence intensity of benzene metabolite, fluorene metabolite, anthracene metabolite,
chrysene metabolite, and benzo[a]pyrene metabolite in fish bile which was significantly increased with an
increasing in exposure time and the highest intensity was reached at 16 day after exposure.

Figure 1. Fluorescence intensity of benzene metabolite, fluorene metabolite, anthracene metabolite, chrysene
metabolite, and benzo[a]pyrene metabolite in fish bile

Figure 2. Fluorescence intensity of benzo[a]pyrene metabolite
From figure 2, the result shows that the fluorescence intensity of benzo[a]pyrene metabolite was significantly
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increased with an increasing in benzo[a]pyrene concentration. The highest fluorescence intensity was reached in
the concentration of 1.0 mg/l.
An increasing in fluorescence intensity of PAHs metabolites with exposure time and PAHs concentration may be
the response of fish immunological system to toxicant exposure (Machella et al., 2005). When the fish exposed
to PAHs, PAHs were transformed to metabolites by CYP1A enzyme in detoxification process (Skarphéðinsdόttir
et al., 2003). Thus, the amount PAHs metabolite (shown in fluorescence intensity) was increased with exposure
time and PAHs concentration. The results found in this study is in agreement with the studies of Yang &
Baumann (2005), Aas & Goksoyr (1998), and Aas et al. (2000), they found that the fluorescence intensity in
exposed fish was increased with exposure time and PAHs concentration compared to those in the control.
3.2 EROD Activity
Figure 3 and 4 show that EROD activity in exposed fish was increased with exposure time and PAHs
concentration. Due to EROD activity is measuring the amount of CYP1A enzyme, which induced by PAHs
exposure, thus it was increased when fished expose to the inducer (Blanc et al., 2010; Shaw et al., 2004; Yang &
Baumann, 2006).This result is in agreement with the study of Shaw et al. (2004) which found that EROD activity
in yellowfin bream (Acanthopagrus australis) was clearly increased in the sample collected from PAHs
contaminated area.

Figure 3. EROD activity in fish exposed to PAHs

Figure 4. Increasing in EROD activity with benzo[a]pyrene concentration
3.3 The Relationship Between Pahs Metabolites Fluorescence Intensity and EROD Activity
All the results shown above indicate that the fluorescence intensity of PAHs metabolites in fish bile and EROD
activity in the liver has significantly positive relation which is increased with exposure time and PAHs
concentration (shown in Figure 5 and 6).
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Figure 5. Fluorescence intensity and EROD activity relationship against time exposure

Figure 6. Fluorescence intensity and EROD activity relationship against benzo[a]pyreneconcentration
Due to the EROD activity measurement represents the amount of CYP1A enzyme (involves in phase I of
detoxification) which is induced by PAHs exposure and the PAHs metabolite fluorescence intensity measurement
represents the amount of PAHs metabolites which is the product of PAHs transformation process, thus the results
of both measurements are significantly positive relations and increase with exposure time and PAHs
concentration.
4. Conclusion
In general, the environmental scientist wants to use the reliable tool to study and monitor PAHs contamination in
the environment especially in aquatic environment. However, the method which is appropriate to use should be
fast, non expensive and especially reliable. The result of this study confirms that fluorescence intensity
measurement of PAH metabolites in fish bile by FF technique can fulfill that requirement of environmental
study.
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