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ABSTRACT

The present study determined the genotoxic potantaced by intensive fish cage aquaculture inl Take (Philippines) on Nile tilapig
(Oreochromis niloticuserythrocytes using the comet assay and micronadiest. Water and sediment samples were colléaigdthree
sampling sites namely: Gonzales, Bafiaga, and Baakiwhich are non-aguaculture, moderate aquaeyland heavy aquaculture site
respectively. The highest incidence of tail momemnigronuclei, and nuclear abnormalities was detkih Balakilong site. The nucleg
abnormalities of erythrocytes included blebbed,chetl and lobed nuclei. Both assays (comet assaymac@nucleus test) showe
concordance by establishing similar gradient oeséy based from cumulative results: Balakilong afiBga > Gonzales. Usimgpst-hoc
analyses, the two aquaculture sites showed nofisigmi differences in both mean tail moment anddency of nuclear abnormalities. d
the other hand, significant differences were obegtrwvhen both aquaculture sites were compared tadheaguaculture site. Although n
specific cause-effect relationships were estahdistitee genotoxicity data indicate association betwie level of unionized ammonia apd
copper, which have settled into the sediments fsoconsumed feeds. Tilapia, which feeds heavilyattdm sediments, is in direct contajct
with the contaminants and can take in considerighiels of ammonia. The detection of copper evenan-aquaculture site indicates that
that contamination has spread widely in the lakesuRs of the study have demonstrated that botiyasse effective as field biomarkers
for investigating the harmful effects of fish caappuaculture on lake quality.
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INTRODUCTION

To satisfy the increasing demand for food, consimaoof fish cages wherein fish fry are grown ard fn
cages until they reach market size has become anoanpractice in developing countries like the Pipihes.
Natural lakes therefore, become prone to severgspre as they are made to accommodate overstoahihg
intensive feeding; the latter, leads to the elewatif organic pollutants such as ammonia, and he@atgls such
as copper and zinc. Aside from fish, the organigcément associated with aquafarming has been tegpaoo
affect diversity of benthic community and biodivigrdoss and increase in opportunistic species [d]our
previous study [2], we have shown that the detating water and sediment quality due to fish agliami has
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detrimental effects on fish embryos. However, galt effects cannot only be observed at the legklfish
populations but more so at the molecular and getetels. Understanding the genotoxicity potertilataged
fish is, therefore, of high ecotoxicological releca.

Fish species have continued to draw attention anemo¢pxicologists who are interested in assesdiag t
impacts of water- and sediment-borne contaminaBitsHish maintain ecosystem stability by playingjona
roles in aquatic food-webs. There is a strong cotime between fish and human health since fish igeothe
main source of animal protein for those living dastal regions. Although it is still difficult tostablish a direct
link between the ecological effects of pollutiordamuman health, the consumption of contaminatéddimwn
in cages could provide the conceptual basis fer¢bnnection. The increased frequency of genotteimage in
bottom-feeding fish inhabiting polluted environmemhay serve as early warning indicators of carainog
hazards to humans. Hence, assessing the stataltf béfish is important for protecting human eaoorics and
health.

Monitoring genotoxicity in the environment usingdigenous organisms as sentinels requires sensitive
assays. The Comet Assay (Single Cell Gel Electrogdi®) detects DNA damage in single cells induced b
mutagens and other environmental pollutants dissbim water. It is now more commonly used in gericity
assessment and environmental biomonitoring beaafuise sensitivity, relative simplicity and rapigif4, 5, 6].
The Nile tilapia Qreochromis niloticusis a suitable species as it is the primary agtaeiproduce of Taal
Lake and, because like other fish, it can metabphzcumulate, and store pollutants directly framtaminated
water [7]. Erythrocytes of fish species are morefgnably used in the comet assay due to their thétsto the
genotoxic pollutants in the aquatic environment [4]

Exposure to genotoxic agents may also result infdh@mation of chromosomal aberrations, giving rise
lagging whole chromosomes or fragments, which |apkndle attachment organelles (kinetochores or
centromeres). These lagging chromosomes and acéaigiments are excluded from the daughter nueland
cell division, resulting in the formation of an atitthal, and notably smaller, nucleus within theopfasm
known as the micronucleus. Micronuclei are considemarkers of abnormal cell division involving
chromosomal breakage, missaggregated chromatiritotigrinterference, events thought to be assodiatith
an increased risk for cancer [8, 9].

Two aquaculture sites Balakilong, Laurel and Bafiaggoncillo, and a non-aquaculture site Gonzales,
Tanauan were selected for the present study. ThetiNipia Oreochromis niloticus being the primary fish
species cultured in Taal Lake, a benthopelagicrosga and an established test species for gendtipsttidies
was used as the test organism.

By using erythrocytes extracted from Nile tilapi@. (niloticug, we have investigated the genotoxicity
potential of chemical stressors associated witbnisive fish cage aquaculture. Specifically, we hased the
Comet assay and micronucleus test to determinecanmgpare the levels of DNA damage and chromosomal
aberrations (eg., micronuclei) in fish sampled fraguaculture sites (Banaga and Balakilong) and non-
aquaculture site (Gonzales). In addition, we hdigeussed the observed genotoxic effects with Kigtieg
physical and chemical parameters on the sites.

MATERIALS AND METHODS

Water and Sediment Sampling:

Three sampling sites within Taal Lake were seledmdthis study (Figure 1). The first two sites
(Balakilong and Banaga) are characterized by hasdymoderate aquaculture activities, respectivéigreas
the third (Gonzales) is an open water fishing sitbe same sites were recommended by the BureBisludries
and Aquatic Resources (BFAR) [10] and have beed irsa related study by Hallare et al. [2].

Water samples from each site were collected ingibljlene plastic jars and were stored in the dathk w
ice prior to chemical analyses. Near sediment sasnfrlom zero to 5 cm from the lake bottom were also
collected using a sediment grabber. Sediment samplere stored in pre-washed and properly labelled
polyethylene jars in the dark and with ice prioict@mical processing and testing. Wet sedimenpkemwere
freeze-dried at -30°C, stored in polyethylene frd4°C in the dark prior to chemical analysis.
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Rasheiung)
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Fig. 1: (&) Map of the Philippines; (b) Map of the prowvnof Batangas; (c) Study sites that differ in the
intensity of aquaculture activities along Taal La&®nzales, the non-aquaculture site in Tanaugn C
and the aquaculture sites: Bafiaga (or BanyagaBatakilong in the municipalities of Agoncillo and
Laurel, respectively.

Erythrocyte Sampling:

Fifteen adult specimens @reochromis niloticusvere harvested from each of the study sites Bialadyj
Bafaga, and Gonzales. Five adult specimens wedomnay selected for blood extraction from each grotipe
selection basis for the captured Nile tilapia wasrastricted by the gender of the fish. The nuntbespecimen
tested is based on the statistical recommendatadterby [11] of at least 5 samples for the KruskalHi&/ test
as applied for the comet assay.

The collection of blood samples fro@. niloticuswas performedn situ as to ensure that the results
obtained are a direct consequence of exposure ablBke water and sediments only. Caudal punctwerse
performed on the specimens to obtain 1mL of blooditrated tubes. The tubes were placed in a st tack
inside a small iced cooler and stored in the darkrbtect the harvested cells from sun exposuredameage
caused by physical handling. The samples weretth@esported to the laboratory for the comet assay.
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Comet Assay Procedures and Analysis:

The comet assay was performed in accordance wétlyaidelines provided in the CometAssay® Reagent
Kit (Catalog # 4250-050-K) adapted for the neutainet assay for Tris-borate-EDTA buffer (TBE). &db
samples were centrifuged at 800 rpm for 10 minufé® plasma was removed from the suspension and the
resulting mixture was resuspended with 1000pL ofPBS. The mixture was then diluted to obtain entltes
at 1x10°’mL. About 50 pL of cells at 1x10mL were combined with 500 pL Comet LM Agaro3edviger) at
37°C. Fifty uL of the resulting mixture was thentaihed and gently pipetted to the CometSlideTteyiger).
This was done to immobilize the cells prior to &leghoresis. The pipetting was performed in trigiec per
sample. The slides were then chilled at 4°C fod%0win or until a clear ring was formed betweenhezemet
slide border and the agarose mixture. The chillaks were then treated with a pre-chilled Lysidu8on
(Trevigen by immersion at 4°C for 30 min in order to remawembranes and histones from the DNA. The
slides were then washed by immersing in 50mL pitlech1X TBE at 4°C for 15 min. A Gel XL Ultra V-2
horizontal electrophoresis unit was used to perftinen assay. The slides were aligned equidistamh filoe
electrodes and 1X TBE buffer was added up to neertttan 0.5cm above the slides. This is to prevent MA
mixture from losing its adhesion to the CometSlideVbltage was applied at 1 volt per cm, and the
electrophoresis was run for 40 min. Excess TBE dvamed and the slides were then transferred farémsion
in distilled water for 5 min. The slides were theansferred and immersed in 70% ethanol for 5 hiied for
10 to 15 min, and stored in the dark at room temipee with desiccant. Prior to viewing 100uL ofutid
SYBR Green | Nuclei Acid Gel Staifffeviger was pipetted to each slide. The slides were th&igerated at
4°C for 5 min and dried in the dark at room tempeea

Slides were independently coded and without knogdedf the code, the investigators examined them
using a fluorescence microscope at high magniboa®lympus System Microscope BX43 with an Olympus
Reflected Fluorescence Sysjerquipped with a B3 (excitationk = 240-490nm; emission barrigr:= 520
nm) and a 40x objective lens (UPLFLN PH). The celages were recorded using a high sensitivity digit
camera Qlympus DP72 The nuclei were analysed using an imaging sofwgellSens A total of 100
erythrocytes per slide were randomly selected hed scored for DNA tail moments (tail length muigd by
fluorescence intensity in tails) using an autometiage-analysis systeriiffTek CometScore™ Freeware

The DNA damage recovery test data for tilapia otetdifrom the three lakeshore towns of Gonzales,
Bafiaga and Balakilong were compared usingKheskal-Wallis testat a 5% significance level. To further
determine the significance of difference in the méail moments among the three sample sites, ahmast
analysis without using Bonferronicorrection was perfomed [12]. This was done by wdating for the eta-
squaredi?) effect size estimate [13].

Micronucleus Test Procedures and Analysis:

Fish samples were collected from each site wittsttrae criteria as that for the comet assay. Tiwerfith
per site were randomly selected to be used fomtgsFor each fish, blood samples were taken bydahu
puncture using citrated syringes. The extracteddlwas immediately smeared on a clean glass g\iier. 24
hours, the material was fixed in absolute methémollO minutes and was stained with 5% Giemsa fhotlzer
20 minutes [8]. The micronucleus was identifiedngsihe criteria cited in a study from Rayal [14]. To be
considered a true micronucleus the object mustlpedntaining a nuclear material (2) completelyasaped
from the parent nucleus; (3) less than 1/5 of tweipt nucleus; (4) staining lightly; (5) fragmentég) circular
to oval in shape; (7) found within 4-fold the slestt axis of the parent nucleus; and (8) not moaa thwo
present in the cell. All the micronuclei which séfithe following criteria were counted.

Cells with two nuclei present were considered aslear abnormalities, specifically, binucleates. édth
nuclear abnormalities of the erythrocytes weresil@sl as blebbed, notched and lobed nuclei [8, THE
frequency of micronucleus and nuclear abnormalitvas expressed per 2000 erythrocytes. For thestitati
analysis of the data obtained from both parametar)ne-way Analysis of Variance (ANOVA) using
Randomized Complete Block Design (RCBD) with 95%nfmence level was used to verify if the
environmental condition of the Taal Lake and otfaetors significantly increased the micronucleaqfrency
and the nuclear abnormality frequency.

The frequency count of the two treatment groupsiéBa and Balakilong) was compared to that of the
control group (Gonzales) using Dunnett’'s Test. flidher determine the significant difference in mea
frequency count among the three groups, Tukey’s id&@hestly Significant Difference) Test was used.

Results:

The physico-chemical analysis of water samples fthenthree sites is shown in Table 1. The obtained
temperature, pH values, and dissolved oxygen vafoesall three sites are within the Department of
Environment and Natural Resources (DENR) [16] dote for Class C waters suitable for propagatiod an
growth of fish and aquatic resources.
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For all three test sites, total nitrogen in wataswebtained to be 0.63 mg/L, 0.94 mg/L, and 1.7A.rfay
Gonzales, Balakilong, and Bafaga respectively. ITattasphorus in water was detected in each of hheet
sites in the aforementioned order at 1.58 mg/L7 §y/L, and 1.64 mg/L. Total ammonia was detectealla
three sites at 0.39 mg/L. The total dissolved solictre at 987 mg/L, 972 mg/L, and 953 mg/L; wherbas
total suspended solids were detected to be less2iamg/L for all three sites. Cadmium and leadenmot
detected in the waters from all three sites desjpige detection limits set at 0.005 mg/L and 0.03Lmg
respectively. For copper, 0.02 mg/L were deteateBdlakilong, and in the

Table 1: Physico-chemical parameters of water samples fhanthree sites in Taal Lake.

Aquaculture

Parameter Gonzales, Bafiaga, Balakilong, DENR Tolerance Range [17

Tanauan Agoncillo Laurel Standards [16] 18,19,20,21]
Exact Location EI :llgzodf.%g N 14 © 0.832' N 14° 3.838' ] ]

o ’ 0 ,

4. 342" E 120°57.159’ | E 120° 56.266
DO (mg/L) 7.36 6.35 6.37 >5 >5.5
pH 8.26 8.16 8.10 6.65-8.5 6.5-9.0
Temperature (°C) 29.35 29.75 29.88 28.3 26-28
Copper (mg/Ly 0.02 ND 0.02 <0.05 0.02
Cadmium (mg/L) ND" ND° ND° <0.01 0.01-05
Lead (mg/L) NDP NDP NDP <0.05 0.0032
Zinc (mg/L)? 0.05 0.05 0.05 <0.05 <.05
Total P (mg/L) 1.58 1.64 1.87 0.05-0.1 0.1
NH-N (mg/L) 0.39 0.39 0.39 0.18 <0.025
Unionized Ammonia/ UIA 0.4476 0.4476 0.4476 <0.60 0.349

Flame Atomic Absorption Spectrometry (Section 311$jandard Methods for the Examination of Wated &tastewater”, 18 edition,
American Public Health Association (APHA), 1015t&&nth Street NW, Washington, DC 20008lot Detected

Table 2: Physico-chemical parameters of sediment sampies tine three sites in Taal Lake.

Parameter Aquatic Tolerance|
Gonzales, Bafiaga, Balakilong,
Tanauan Agoncillo Laurel Standards [2,
21, 22, 23]
Moisture Content (%) 0.76 2.25 1.97 -
Organic Matter (%) 0.36 0.26 2.34 -
Organic Carbon (%) 0.21 0.15 1.36 <5
NH;*-N (mg/L) 3.53 14.14 22.97 -
NHz-N " (mg/L) 3.33 13.35 21.68 -
NOs-N (mg/L) 1.77 Trace 1.84
Unionized ammonia (Ng" (mg/L) 3.96 16.02 26.02 0.019
lonized ammonia (NK) " (mg/L) 4.33 20.83 33.83 -
Total ammoni& (mg/L) 8.29 36.85 59.85 100
Cadmium™® (mg/kg) ND ND® ND® 4.2
Copper (mg/kg} 20.2 52.7 29.9 <18.7
Lead (mg/kgy* ND°® ND® ND® 35
Zinc (mg/kg)® 55.2 53.6 45.2 <90.0

Flame Atomic Absorption Spectrometry. US EPA Testivbds for Evaluation of Solid Wastes, Physical @mémical Methods, CD
ROM SW-846, 1994.

°Gravimetric. US EPA Test Methods for EvaluatiorSofid Wastes, Physical and Chemical Methods, CD REWI846, 1994,

“Detection limit for cadmium (1 mg/kgjDetection limit for lead (5 mg/kgjNot Detected

fComputed based on USEPA (1999) Guideline

non-aquaculture site Gonzales, but not in Bafiagaogs all sites, 0.05 mg/L of zinc was detected.tRre
sediments, cadmium and lead were not detecteckithtiee sample sites. However, copper was detatt2s.9
mg/kg in Gonzales, 29.0 mg/kg in Balakilong andn@kg in Bafiaga (Table 2).

The Comet Assay:
The mean tail moments were recorded for all thitss svith Site 1 Gonzales as the non-aquacultuee si
Representative comet images from the GonzaleskiBalg and Bafiaga specimens are shown in Plate 1.
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Plate 1: Comet assay results obtained fr@reochromis. niloticugrythrocytes from the non-aquculture
site (a) Gonzales, and from the aquacukiies (b) Bafiaga and (c) Balakilong.
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Fig. 2: shows the mean tail moment and the mean tail mbraek for the 1500 erythrocytes analysed per site.
The Kruskal-Wallis Test was performed on the tadinments of the erythrocytes sampled from each site.
The IBM SPSS Statistics 20 was used to perfornstitsequent statistical analyses.

The mean tail moment of erythrocyte nucleoids oietdifrom Balakilong (1.004558586) was the highest
compared to those from Bafiaga (0.771479733) and&em (0.273308374). The obtained significanceushm
less than the set p < 0.05 and based on the affesize estimate for all three sample sites, 26df%he
variability in tail moment is accounted for by thgference in sample site. This thereby relatea targe effect
accounted for by the site parameter, accordingaatiide by Cohen [24].

To determine where the differences lie, the Kruskallis test was performed between the followinig si
groups: the non-aquaculture site Gonzales anddhecalture site Bafiaga, the non-aquaculture sitez&8es
and the aquaculture site Balakilong, and the twoaaglture sites Bafiaga and Balakilong. In the post-
analysis for the tail moments from Gonzales andagafi the significance is much less than the level o
significance set at p < 0.05. The statistical gfstws that there exists a significant differencevben the two
sample groups. Employing the effect size estimatetlie data from Gonzales and Bafiaga, 20.4% of the
variability in tail moment is accounted for by tbéference in sample site. This can be interpreted large
effect of the site parameter on tail moment foséh&vo groups.

The analysis for the tail moments showed that tkeaists a significant difference between the twmsla
groups, Gonzales and Balakilong. Employing the ctffsize estimate for the data from Gonzales and
Balakilong, 35.1% of the variability in tail momeistaccounted for by the difference in sample Sitee post-
hoc analysis for the tail moments showed that tlesists an insignificant difference between the samnple
groups, Bafaga and Balakilong. Employing the effént estimate for the data from the two aquaceilsites,
only 3.1% of the variability in tail moment is acoded for by the difference in sample site.

The Micronucleus Test:
The mean micronucleus and nuclear abnormality faqies were recorded for all three sites. Plateo2vs
representative micronuclei present in samples obthfrom Gonzales, Balakilong, and Bafiaga.
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Plate 2: Photomicrographs of micronuclei from circulatingytBrocytes ofO. niloticus obtained from (a)
Gonzales, (a) Baflaga, and (c) Balakilong.
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Fig. 3: (A) Shows mean micronucleus frequenciegOofniloticus erythrocytes, whereas (B) shows the mean
nuclear abnormality frequencies 6f niloticus erythrocytes from three sampling sites in Taal Lake
Differences in letters indicate significant diffaces using the Tukey’s HSD Test.

The mean frequency counts for the three sites wenepared using multiple comparison Post hoc tests.
Tukey’s HSD test showed that the mean micronudiegiency for all the three sites is statisticalignificant.
On the other hand, Tukey's HSD test for mean nuckdanormality showed that the mean comparison doetw
M1 —-M2 (Gonzales and Bafiaga) and M1-M3 (GonzalesBalakilong) are statistically significant whilkat
of M2-M3 (Bafiaga and Balakilong) is not. Figuret®ws the mean micronucleus and nuclear abnornslitie
frequencies between three sites, Gonzales, BafiagBalakilong.

Discussion:
Physico-Chemical Analysis:

The chemical analysis of water and sediments shinas Taal Lake falls under Class C status [16].
According to section 68 of DENR Administrative Ordthis makes the lake beneficial for the followinges:
(1) fishery water for the propagation and growtHisti and other aquatic resources; (2) recreatiaddr Class
Il (boating, etc.) and (3) industrial water supfass | for manufacturing processes after treatmertis
research did not aim to sort out the specific palits responsible for the detected genetic damabes;
objective was to measure the physico-chemical petenrsm and to determine the presence and levels of
contaminants in the water samples. From the resgpiscific pollutants may be pointed out as thesative
agents of the observed genotoxicity in the ciréntperythrocytes.

The Comet Assay and Micronucleus Test:

The results showed an increase in the migratiendamage to DNA) i©Oreochromis niloticusbtained
from both aquaculture sites as compared to noneadfuge site (Plate 1). Because of this relativgigater
fragmentation, the DNA fragments from the aquaceltsites move more rapidly in the agarose gel when
subjected to an electrophoretic run, thereby alowthe characteristic comet shape to develop (RlatBased
on the statistical analysis conducted on the teBegaple groups, there exists a significant diffeeeimcthe tail
moments across the three sample groups. This segaglificant genotoxic effects of water and/orisehts
from aquaculture sites (Bafiaga and Balakilong) amexb to the water and/or sediments from non-aqtiaeul
site (Gonzales).
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In the post-hoc analyses conducted between theaqoaeulture site and the two aquaculture sites,
significant variability for each comparison was eb®d. The effect size estimate obtained may lepréted
as a large effect of the site parameter on tail emnfior these two groups. The fragmentation of Di#m
aquaculture site samples is generally more prorenines compared to the Gonzales samples. This is
consistently observed in the comparisons of thepsesrirom the Balakilong and Bafiaga sites agasnsiptes
from the Gonzales site. The difference in the de@feDNA fragmentation may be indicative of thefeliénces
in environmental quality between the aquaculturessand the non-aquaculture site.

On the other hand in the post-hoc analysis betvgaenples from the two aquaculture sites, a small to
negligible variability was observed. This variatyilcan be interpreted as a small to insignificefeat of the
site parameter on tail moment for the two aquacellsample groups. This absence of significant diffee in
the analysis between the samples from BalakilomyBafiaga indicates that the environmental quaktyvben
the two aquaculture sites does not vary signifigant

Despite the ability of the comet assay to detectbtizstrand breakage, and to some extent singledstr
breakage in cell nucleoids, the test is not ablepiecifically identify the clastogenic agent resgible for the
damages observed. This research can only hypothkased on the results from the physico-chemicalyaes
that the particularly elevated levels of ammonianptexed with copper in the water samples may adcforn
the difference in DNA fragmentation and tail mombetween the samples from the two aquaculture aités
the samples from the non-aquaculture site. It$® ahodest to assume that the detection of oveealbigxic
damage is due to multiple contaminants other thase measured in the present study.

Both micronucleus and nuclear abnormalities wesnge all three sites. However, aquaculture sites a
revealed higher and statistically significant difiece in frequencies as compared to the non-aquaedite.
The presence of micronucleus in erythrocytes inditdhe presence of pollutants that are able toadegthe
water quality along Taal Lake. Several studies [, 8elate the presence of different pollutantshwibe
formation of micronucleus. It noteworthy that désphe absence of cadmium and lead in the sedisaenples,
unionized ammonia (N§)l and the heavy metal copper were detected in &lé\avels.

Obiakor et al[25] studied the genotoxicity of copper, zinc aheit binary mixtures using both comet
assay and micronucleus test. Their results revehigdthe highest frequency of micronucleated eogites
was seen in fishes exposed to Cu and Zn mixturadieE observations on genotoxicity of Cu have been
reported also by [26] and [27], with the latteradtiating the genotoxicity of copper sulphates tangkia by
means of comet assay. Non- specific binding of Coations to essential sites in the enzyme moledsles
presumed to be the cause of inhibition of DNA remsizymes, elevated levels of DNA strand breakagk a
chromosome fragmentation. A newer study by [28jR€]cated that contamination due to copper exposure
caused an approximately three-fold increase intirgaoxygen species (ROS) production, a pooreoaittant
response element (ARE) binding ability, and aneased caspase-3 signaling-modulated DNA fragmentati
the fish muscle. It can be assumed that Cu and Zras aneugens, which induce aneuploidy resulting i
chromosomal rearrangement and micronucleus form§2is]. This further reflects the formation of neauclei
in the circulating erythrocytes of fishes fromtaltee sites with elevated levels of Cu (Table 1).

Unionized ammonia (N§}, the toxic form of ammonia, was also detectedhim samples from the three
sites (Table 1). The presence of Néhn cause the degradation of microtubular-assstiptoteins, which
causes alterations of the microtubular networkuanag mitotic spindle damage, hence MN formatiof]{3
Table 2 shows that Balakilong has the highest amoiuNH; in sediments and likewise has the most number of
micronucleus and nuclear abnormalities. Sedimeats accumulate large quantities of ammonia that mayb
taken up by benthic fish, such as tilapia, whichuldothen elicit biomarker responses from the fi8i][
especially at conditions of low salinity and el@dttemperature [32]. Just like copper, ammonia been
demonstrated to induce intracellular reactive oxiygpecies (ROS), which subsequently lead to DNAatgEm
and cell apoptosis [33].

Correlation of Data Using the Genotoxicity Assays:

Among the sampling sites, Balakilong has the gstaf@NA damage and amount of chromosome
aberrations as revealed by the Comet Assay andohlicteus Test. Bafiaga showed slightly lower re<olt
both tests, but still significantly different frothe samples from Gonzales. The gradient establighed
cumulative results of Comet Assay and Micronucl€est is as follows: Balakilong > Bafiaga > GonzaBxth
tests identified Balakilong as the heavier aquacelsite compared to the other aquaculture sitegafBoth
tests were able to establish a significant diffeeebetween the data obtained from the non-aquaeutite
Gonzales and the aquaculture sites Balakilong aith&a.

It is important to note that despite the sensiivaf both tests in detecting DNA damage, the sowfce
clastogenic agent cannot be immediately identiied to the non-specific nature of the Comet assalythe
Micronucleus Test. Moreover, the incidence of ddrbneaks is essentially reversible as revealedstudy by
Russo et al. [6] on th&ambusia holbrookiThe study indicates that there are effective mdée mechanisms
of repair determining a decrease of DNA damager afitenoval from the natural environment. Despite the
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reversibility of strand breaks and chromosomal @tiens, the presence of pollutants and clastogegents
enhances the occurrence of these genotoxic effattthe tilapia cells. This therefore points outttkize
observed strand breaks in the comet assay andod@ved chromosomal aberrations in the micronudiesis
may have resulted from the sum or combined intemastof separate genotoxic agents such as amnun@,
phosphorus and/or copper.

The use of traditional physico-chemical parameietde evaluation of water and sediments while fublp
does not give a complete picture of the currentloggoal status of the environment. It is therefore
recommended that these methods be complemented bigimarkers. More specifically, fish- based system
because they utilize the top vertebrate predatotkd food chain, allowing for a more represen&study on
the effects of metabolism and bioaccumulation diupants [34]. While the effects are not immedigtebticed
on the macroscopic level, results from tests sigckha comet assay and micronucleus test allow faoee
sensitive detection of damages caused by envirotaingallutants.

Taal Lake has already been categorized under DENRSCC [2,16]. The increase in pollutant levels in
Taal Lake due to improper aquaculture practicet sigcoverstocking, and overfeeding may further ritmuie
to the eutrophication of Taal Lake.

The Taal Lake is not only inhabited by fish fromuaqulture farms; the endemic species of freshwater
sardine, freshwater snake, and other coexistingisperesent in the lake face environmental thrdats to
overexploitation of fishery resources, introductafrpollutants, and the introduction of invasivesies such as
tilapia, propagated by fish farmers [7,35,36]. Quuihg aquaculture practices pose a greater thuedhe
already dwindling biodiversity of species currergiisting in Taal Lake. Moreover, the increasehim evels of
pollutants may affect not only the biodiversity dakle water quality, but also the quality of fighesies farmed
on fish cages in Taal Lake.

Conclusion:

The present study determined the genotoxicologiffatts of intensive fish cage aquaculture in Tade
(Philippines) using comet assay and micronuclesisae Nile tilapia Q. niloticug erythrocytes. Results of the
genotoxicity assays showed that DNA fragmentatiicronucleus formation, and the presence of otbhetear
abnormalities are related to the overstocking amenisive feeding practices in the aquaculture .skigher
levels of ammonia (especially in its unionized fprrmoopper and zinc in the Balakilong and Bafiagaewer
detected across all sites. The increase in polilgarls in Taal Lake due to improper aquacultuaepces such
as overstocking, and overfeeding may further cbutd to the deterioration of Taal Lake. As pollataffects
eventually extend from the molecular level into Heg levels of biological organization, stressorkdid to
intensive aquaculture practice, if unmediated, neagntually render the lake unable to sustain tkiesli
dependent on it. Overall, the present study hatdurconfirmed the potential value and usefulndshe two
bioassays (comet assay and micronucleus test)nfidgrommental biomonitoring of aquatic systems thed
overburdened by intensive aquaculture activities.
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