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Introduction 
Heavy metals from natural sources and anthropogenic 

activities are continually released into aquatic environment, 
causing serious threat due to their toxicity, long persistence 
and biomagnification in the food chain. On a global scale, 

pollution of heavy metals in aquatic ecosystem is growing at 
an alarming rate and has become an important 
environmental health problem.1,2 Rapid development of 
industry and agriculture has contributed to increasing 
pollution of rivers and lakes with heavy metals, which have 
been identified as significant environmental hazard for 
invertebrates, fish and humans.3 These contaminants 
entering the aquatic ecosystem may not directly damage the 
organisms but they can be deposited into aquatic organisms 
through the effects of bioaccumulation and food chain 
process and eventually threaten the health of humans 
through fish consumption.4 Fish being situated at high 
trophic level of food web may accumulate large amounts of 
heavy metal from water and often in concentrations several 
times higher than in the ambient water.1 Some of metals 
found in fish might be essential as they play important role 
in biological system of fish as well as in human beings. 
However, some of it may also be toxic and might cause 
serious damage in human health even in trace amount at a 
certain limit or threshold. Deleterious human health effects 
associated with exposure to heavy metals, even at low 
concentrations, are diverse and include but are not limited 
to, neurotoxic and carcinogenic consequences.5    

Arsenic is a heavy metal that is widely distributed in the 
environment due to natural and anthropogenic activities and 
often found in water, food, soil and airborne particles. In 
recent years, contamination of the aquatic environment by 
arsenic has increased primarily due to anthropogenic 
sources.6,7 Arsenic toxicity depends on its concentration, 
speciation, bioavailability and uptake. Inorganic arsenic is 
more toxic than organic compounds and is proven 
carcinogen to humans.8,9 Trivalent compounds are generally 
more toxic than pentavalent compounds, and water soluble 
compounds are usually more toxic and more likely to have 
systemic effects than the less soluble compounds.10 

Human exposure to arsenic can be increased by 
cigarette smoking, but food remains as prime source of 
ingestion. In the environment and food, arsenic could be in 
the organic and inorganic forms.11 In humans, arsenate 
(AsV) is first reduced to arsenite (AsIII), itself methylated 
into methylarsonic and dimethylarsenic acids (MMA and 
DMA), most of which are then excreted via the renal 
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pathway.12 Previous studies have found that exposure to 
arsenic may lead to cancers of liver, kidney, bladder, 
prostate, lymphoid tissue, skin, colon, lung and nasal cavity, 
among others. The International Agency for Research on 
Cancer (IARC) has classified arsenic as group 1 carcinogen, 
indicating that sufficient evidence of human carcinogenicity 
exist.13  

Fish has been known for its reputation as the 
established health food for most of the worlds’ population 
particularly in developing countries as compared to meat, 
poultry and eggs.14 Nutritional benefits of fish are mainly 
due to the content of high quality protein, vitamins and 
essential nutrients. Fatty fish are high in two kinds of 
omega-3 polyunsaturated fatty acids (PUFAs): 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA).15  Modest consumption of fish especially species 
with high in  n-3 fatty acids EPA and DHA, reduces risks of 
coronary deaths by 36% and total mortality by 17% and may 
favorably affect other clinical outcomes.16  Incidentally, 
many fish are also contaminated with harmful substances 
like heavy metals and other chemical compounds that 
bioaccumulate overtime.17  

Health risk assessment is frequently employed to 
quantify potential threats to human health through an 
exposure-bioaccumulation-ingestion pathway of toxic 
substances in aquatic organisms.18  It is the process to 
estimate nature and probability of adverse health effects in 
humans who may be exposed to chemicals in contaminated 
environmental media.19 Assessment of human health risk 
requires identification, compilation and integration of 
information on health hazards of a chemical, human 
exposure to chemical and relationships among exposure, 
dose and adverse effects.20  Results of assessment are used to 
estimate whether current or future chemical exposures will 
pose health risks to broad population. However, methods 
used in health risk assessment cannot be used to link 
individual illnesses to past chemical exposures nor prove 
that a specific toxic substance caused particular illness in 
individuals.21 In this paper, health risk assessment of arsenic 
in fish intends to contribute to scientific knowledge of 
understanding risks versus benefits of fish consumption in 
Laguna de Bay. 

The Philippine Millennium Ecosystem Assessment Sub-
global Assessment for Laguna Lake emphasized that Laguna 
de Bay is a classic model of multiple resource with multiple 
users. Its capacity to provide various ecosystem services to 
various users is continuously challenged mainly by 
anthropogenic factors. Deforestation of its watersheds in 
favor of other uses is expected to cause an imbalance in the 
lake hydraulic processes. Lake water quality has 
deteriorated through the years due to various point sources 
of pollution from industry, agriculture, and domestic 
sources. Detection of traces of heavy metals like copper, 
cadmium, chromium, and lead in lake water and sediment is 

a major concern for human health.22 The main objective of 
this study is to assess the carcinogenic risks to human health 
due to arsenic in commercially important edible fish 
products from Laguna de Bay. This study also aims to 
provide logical basis for appropriate risk communication 
interventions regarding health implications of long term fish 
consumption to stakeholders.  
 

Methods 
Laguna de Bay basin is situated within latitudes of 13º 

55’ to 14º 50’ N and longitudes of 120º 50’ to 121º 45’ E in 
Luzon Islands, Philippines, with total area of about 3,813.2 
km2. It traverses 12 cities, 49 municipalities, and 2,656 
barangays or villages. The Laguna de Bay, also known as 
Laguna Lake, is one of the five largest freshwater lakes in 
Southeast Asia. Total surface area is approximately 900 km2 
with shoreline of 220 km. It has an average depth of 2.5 m 
and maximum water holding capacity of about 2.9 billion 
cubic meters. Geographically, the lake can be divided into 
west bay, east bay, south bay, and central bay.22  

 
Sampling zones and sites 

Laguna de Bay was divided into five sampling zones: 
namely, Northern West Bay, Central West Bay, Central Bay, 
South Bay, and East Bay. Fish samples were collected from 
each of the five designated sampling zones. There were two 
sampling sites each for Northern West Bay, Central West 
Bay, and Central Bay; and one sampling site each for South 
Bay, and East Bay; for a total of eight sampling sites. 
Sampling location coordinates were recorded using GPS and 
plotted in GIS digital maps.  Locations and coordinates of 
sampling sites are shown in Table 1. This facilitated re-
sampling activities and ensured that subsequent samples for 
wet season were collected in the area as that of the dry 
season samples. A GIS map of Laguna de Bay is shown in 
Figure 1.  
 
Table 1. Sampling site locations and coordinates. 
 

FISH SAMPLING SITE LOCATION COORDINATES 
1A 

 
Northern West Bay  N 14o 28’ 57.8’’ 

 E 121o 09’ 22.6’’ 

1B 
 

Northern West Bay  N 14o 27’ 50.6’’ 
 E 121o 05’ 19.3’’ 

2A 
 

Central West Bay  N 14o 22’ 34.1’’ 
 E 121o 12’ 03.6’’ 

2B 
 

Central West Bay  N 14o 22’ 43.4’’ 
 E 121o 04’ 30.1’’ 

3A 
 

Central Bay  N 14o 22’ 43.9’’ 
 E 121o 19’ 25.5’’ 

3B 
 

Central Bay  N 14o 28’ 13.5’’ 
 E 121o 13’ 19.4’’ 

4 
 

South Bay  N 14o 11’ 41.4’’ 
 E 121o 11’ 43.5’’ 

5 
 

East Bay  N 14o 22’ 12.9’’ 
 E 121o 25’ 28.8’’ 
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Figure 1.  Location of sampling sites (GIS map). 

 
Sampling frequency 

Two groups of fish samples were collected using fish 
net to determine seasonal variation in arsenic levels in fish. 
First set of samples was collected in May to June 2010 to 
represent dry season conditions in the study area. Second set 
was collected during the months of September to November 
2010 to represent wet season.  

 
Fish species  

Selection of fish species included in the study was based 
on most common edible species harvested in the lake with 
relatively high commercial value. There were five fish 
species included in the study, namely, Bighead Carp, Kanduli, 
Bangus, Tilapia, and Dalag.  Bangus and bighead carp are 
considered as pelagic species. Dalag and kanduli are 
demersal species; while, tilapia is considered as both pelagic 
and demersal species.  Description of fish species is shown 
in Table 2. 
 
Table 2. List of common and scientific names of fish species 
included in the study. 
 

COMMON NAME ENGLISH NAME SCIENTIFIC NAME 
Mamaling Bighead carp Aristichthys nobilis 
Kanduli Manila Catfish Arius dispar 
Tilapia Tilapia Oreochromis niloticus 
Dalag Snakehead/Murrel/Mudfish Ophicephalus striatus 
Bangus Milk Fish Chanos chanos 

 
Sample packaging and preservation 

Fish samples were individually wrapped in waterproof 
plastic sampling bag. Edible portions of samples were 
processed on-site to avoid puncturing of the packaging 
material by spines during transport. Individual samples 

were sealed in three layers of plastic bags. Each sample was 
provided with identification tag and sample code. After 
packaging, samples were kept in an ice chest and brought to 
the laboratory immediately. 
 
Laboratory procedures and analysis 

Samples submitted to the Philippine Department of 
Science and Technology laboratory for analysis were stored 
in freezer until all samples had been collected to ensure 
uniform sample preparation. Prior to analyses, samples were 
thawed then osterized for homogeneity.  Replicates were 
prepared and all quality control parameters were conducted 
to ensure integrity of analyses.  Samples were analyzed 
using the Atomic Absorption Spectrophotometer. The 
sample solutions were aspirated into a flame and atomized.  
Arsenic analysis involves the generation of arsine gas by 
reacting the arsenic in the sample with sodium borohydride.   
 
Basic equation for calculating excess lifetime cancer risk  

Arsenic is confirmed human carcinogen through the 
oral route of exposure. Chronic oral exposure to arsenic has 
been linked to various types of internal cancers, including 
those of the liver, bladder, and respiratory and 
gastrointestinal tracts. Slope factors and unit risk values are 
used to assess cancer risk. Generally, the slope factor is a 
plausible upper-bound estimate of the probability of a 
response per unit intake of a chemical over a lifetime. Slope 
factor is used in risk assessments to estimate an upper-
bound lifetime probability of an individual developing 
cancer as a result of exposure to a particular level of a 
potential carcinogen. Oral slope factor evaluates the 
probability of an individual developing cancer from oral 
exposure to contaminant levels over a lifetime. Oral slope 
factors are expressed in units of (1/mg/kg-day).10  

The basic equation for calculating excess lifetime cancer 
risk is: 

Risk = CDI × SF  
Where:  
Risk = a unit less probability of an individual developing 
cancer over a lifetime; 
CDI = chronic daily intake or dose [mg/kg-day] 
SF = slope factor, expressed in [(mg/kg-day)-1] = 1.5 [(mg/kg-
day)-1 for inorganic Arsenic 
 
Carcinogenic Fish Ingestion Equation: CDI(c) 
 

 
 
 
 

 

Where: 
CDI = chronic daily intake for the toxicant expressed in 
mg/kg-day 
C = Concentration of heavy metal in fish (mg/kg)  
BW = Body Weight = 65 kg 

CDI(c) = C x EF x ED x IRF x (kg/1000g) (0.10) 
                (365 days/year) x LT x BW 
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0.10 = Factor to convert total arsenic to inorganic arsenic 
fraction 
ED = Exposure Duration = 30 yrs  
EF = Exposure frequency =350 days/yr 
IRF=Ingestion Rate Fish (fish consumption) = 102.74 g/day 

(FAO). This is the estimated average daily per capita 
consumption of fish in the Philippines from the FAO 
Fisheries and Aquatic Department. 

LT = Lifetime (average) =70 years for carcinogenic 
 
Equation for lifetime cancer risk: 
 
 
 
 
 

 
Equation for linear correlation coefficient (r)  

The Linear correlation coefficient measures the strength 
and the direction of a linear relationship between two 
variables (Pearson product moment correlation coefficient). 

The mathematical formula for computing “r” is: 
 

            
 
 
 

Where n is the number of pairs of data. Value of r can 
range from -1 to +1 (i.e., -1 < r < +1) where the + and – signs 
indicate positive linear correlations and negative linear 
correlations, respectively.   
 

Results 
 
Arsenic levels in fish for dry season 
 Figure 2 shows the concentrations of arsenic in fish 
samples in mg/kg wet weight from eight sampling stations 
for dry season. Concentration of arsenic in bangus ranged 
from 0.03473 mg/kg in sampling station 3B to 0.16798 mg/kg 
in station 4. In Bighead Carp it ranged from 0.02858 mg/kg 
in station 1B to 0.19239 mg/kg in station 4. Dalag 
concentration ranged from 0.001 mg/kg in stations 2A, 3A 
and 3B to 0.04696 mg/kg in station 1B. Kanduli concentration 
ranged from 0.001 mg/kg in stations 2A, 2B, 3A and 3B to 
0.09517 mg/kg in station 4. While in Tilapia the 
concentration ranged from 0.001 mg/kg in stations 1A, 2A 
and 5 to 0.160666 mg/kg in station 1B.  
 
Arsenic levels in fish for wet season 
 Figure 3 shows the concentrations of arsenic in fish in 
mg/kg wet weight from eight sampling stations for wet 
season. Concentration of arsenic in bangus ranged from 
0.05769 mg/kg in sampling station 3B to 0.65661 mg/kg in 
station 1A. In Bighead Carp it ranged from 0.09545 mg/kg in 
station 3A to 0.99717 mg/kg in station 2B. Dalag 

concentration ranged from 0.00003 mg/kg in station 3B to 
0.36976 mg/kg in station 1A. Kanduli concentration ranged 
from 0.00003 mg/kg in station 3B to 0.73765 mg/kg in station 
3A. While in Tilapia the concentration ranged from 0.02989 
mg/kg in station 4 to 0.87292 mg/kg in station 2B.   
 

 
(West Bay = 1A, 1B, 2A and 2B / Central Bay = 3A and 3B / South Bay = 4 /  
East Bay = 5) 
 
Figure 2. Arsenic concentration (wet weight), fish (mg/kg), 
dry season. 

 

 
(West Bay = 1A, 1B, 2A and 2B / Central Bay = 3A and 3B / South Bay = 4 /  
East Bay = 5) 
 
Figure 3. Arsenic concentration (wet weight), fish (mg/kg), 
wet season. 

 
    Laboratory data showed that generally the concentrations 
of arsenic in fish samples were higher during the dry than 
wet season.  These values were used as basis for estimating 
the carcinogenic health risks of arsenic through ingestion. It 
appears that rainwater had positive outcome on the levels of 
arsenic in fish probably due to the dilution effect of 
rainwater run-off in most sampling sites except station 4. 
 
Total arsenic and inorganic arsenic in fish 

Arsenic exists in a variety of oxidation states and in both 
inorganic and organic forms. Marine foods have relatively 

Risk   =   C x EF x ED x IRF x (kg/1000g) (0.10) x (SF) 
                (365 days/year) x LT x BW 
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high arsenic concentrations, due primarily to complex 
organic forms of arsenic such as arsenobetaine and 
arsenocholine. Most cases of arsenic-induced toxicity in 
humans are associated with inorganic arsenic exposure 
which has been classified as known human carcinogen.23 
Studies on arsenic accumulation in freshwater fish show 
greater variation in results, with some species containing 
arsenobetaine as the main organic form, while As (III) has 
been shown to be the main arsenic content in the 
hepatopancreas of freshwater crayfish.24  Intake of inorganic 
arsenic over a long period can lead to chronic arsenic 
poisoning. Effects, which can take years to develop 
depending on the level of exposure, include skin lesions, 
peripheral neuropathy, gastrointestinal symptoms, diabetes, 
renal system effects, cardiovascular disease and cancer.25  

Arsenic speciation in fish samples published in the 
literature indicates wide range of variability. Studies 
conducted in Taiwan and Thailand showed that the 
proportion of inorganic arsenic in fish ranges from 21 to 
44.1% of total arsenic content.26,27  In several studies 
percentage of inorganic arsenic were shown to range from 5 
to 20% of total arsenic.28-31 However, some studies reported 
lower percentages of inorganic arsenic ranging from 0.5 to 
less than 10% of total arsenic values in fish.32-36  In this study, 
the computation of carcinogenic health risk was based on the 
assumption that inorganic arsenic proportion is 
approximately 10% of the total arsenic content in fish 
samples.    
 
Estimate of carcinogenic health risk due to fish 
consumption (dry season) 

Life time carcinogenic risks for arsenic exposure were 
computed for five fish species in all sampling stations for 
dry season conditions.  The highest life time cancer risk for 
arsenic during dry season was computed for tilapia from 
sampling station 2B with risk value of 8.51 x 10-5. This is an 
estimate of lifetime probability of an individual developing 
cancer as a result of long term consumption of tilapia, 
indicating risk that would result to about 85 excess cancer 
cases per 1,000,000 populations.   

The lowest life time cancer risk for arsenic was 
computed for dalag and kanduli from sampling station 3B 
with risk value of 2.92 x 10-9, showing that consumption 
would result to about 3 excess cancer cases per 100,000,000 
populations.   

Average life time cancer risks associated with fish 
consumption during the dry season for each of the five 
species based on mean arsenic levels in all sampling stations 
are summarized below. 

For Bangus, the average risk is 1.86 x 10-5; the risk is 
about 19 excess cancer cases per 1,000,000 populations.  For 
Bighead Carp, the average risk is 3.495 x 10-5; the risk is 
about 35 excess cancer cases per 1,000,000 populations. For 
Dalag, the average risk is 1.4612 x 10-5; the risk is about 15 

excess cancer cases per 1,000,000 populations.  For Kanduli, 
the average Risk is 2.114 x 10-5; the risk is about 21 excess 
cancer cases per 1,000,000 populations. For Tilapia, average 
risk is 3.772 x 10-5; the risk is about 38 excess cancer cases per 
1,000,000 populations.  Average life time cancer risks 
associated with fish consumption during dry season showed 
the following order of magnitude:  
 

Tilapia > Bighead carp > Kanduli >Bangus > Dalag. 
 
Estimate of carcinogenic health risk due to fish 
consumption (wet season) 

Climate in the study site is characterized by relatively 
high temperature, humidity and rainfall. There are only two 
seasons, wet and dry season. Annual average rainfall ranges 
from as much as 5,000 millimeters near eastern coast section, 
to less than 1,000 millimeters in some of the sheltered 
valleys. Estimate of carcinogenic risks for both seasons were 
calculated to assess the possibility of seasonal variations in 
health risks. 

The life time cancer risks for arsenic exposure were 
computed for five fish species in all sampling stations for 
wet season.  Highest life time cancer risk for arsenic was 
computed for bighead carp from sampling station 4 with risk 
value of 1.87 x 10-5, or about 19 excess cancer cases per 
1,000,000 populations. This is an estimate of lifetime 
probability of an individual developing cancer as a result of 
long term consumption of bighead carp.  

Lowest life time cancer risk for arsenic was computed 
for dalag (sampling stations 2A, 3A and 3B), tilapia (sampling 
stations 1A, 2A, and 5), and kanduli (sampling stations 2A, 2B, 
3A, 3B and 5) with risk value of 9.744 x 10-8 or about 1 excess 
cancer case per 10,000,000 populations.   

Average life time cancer risks associated with fish 
consumption (wet season) for each of the five fish species 
considering mean arsenic levels in all sampling stations are 
shown below. 

For Bangus, the average risk is 8.5 x 10-6; the risk is 
about 9 excess cancer cases per 1,000,000 populations.  For 
Bighead Carp, the average Risk is 1.04 x 10-5; the risk is about 
11 excess cancer cases per 1,000,000 populations. For Dalag, 
the average risk is 1.81 x 10-6; the risk is about 2 excess cancer 
cases per 1,000,000 populations. For Kanduli, the average 
risk is 3.3 x 10-6; the risk is about 4 excess cancer cases per 
1,000,000 populations.  For Tilapia, average risk is 2.76 x 10-6; 
the risk is about 3 excess cancer cases per 1,000,000 
populations.  Average life time cancer risks associated with 
fish consumption during wet season showed the following 
order of magnitude:  

 
Bighead carp > Bangus > Kanduli >Tilapia > Dalag. 

 
Summary of computed lifetime cancer risks for 

individual fish species in all sampling sites during the dry 
and wet seasons is shown in Table 3. 
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 Table 4. Correlation coefficient of mean standard length of fish and Arsenic (As) concentration  (dry and wet seasons). 
 

Sampling Site 
(Dry season) 

Bangus 
(cm) 

As ppm Bighead 
Carp (cm) 

As ppm Dalag 
(cm) 

As ppm Kanduli 
(cm) 

As ppm Tilapia 
(cm) 

As ppm 

1A  34.3 0.66 59 0.37 26.0 0.37 23.2 0.37 31.7 0.35 
1B  31.3 0.09 65 0.71 35.0 0.03 22.8 0.02 26.3 0.55 
2A  31.0 0.19 55 0.15 38.5 0.16 23.5 0.14 25.0 0.10 
2B  34.0 0.09 53 1.00 38.0 0.23 21.5 0.20 27.7 0.87 
3A  37.0 0.12 61 0.10 31.0 0.08 19.0 0.74 21.0 0.77 
3B  36.7 0.06 50 0.26 38.0 0.00 20.5 0.00 19.8 0.15 
4 29.7 0.14 56 0.12 25.7 0.11 31.7 0.06 22.3 0.03 
5 No data  61 0.16 30.7 0.22 24.0 0.21 22.0 0.28 

Correlation (r)   0.02  -0.02  -0.42  -0.44  0.27 
(Wet season)  

1A  29.0 0.109 43.0 0.172 28.5 0.038 20.0 0.080 28.0 0.001 
1B  20.0 0.038 50.0 0.029 46.0 0.047 19.0 0.090 18.7 0.161 
2A  23.0 0.053 49.0 0.105 39.0 0.001 18.4 0.001 18.8 0.001 
2B  19.2 0.118 56.0 0.042 35.0 0.007 19.2 0.001 30.5 0.002 
3A  42.0 0.089 48.0 0.178 39.5 0.001 19.8 0.001 20.3 0.004 
3B  37.5 0.035 33.5 0.052 37.0 0.001 23.3 0.001 15.8 0.003 
4 35.5 0.168 63.0 0.192 30.0 0.026 24.5 0.095 22.7 0.054 
5 No data  42.0 0.084 44.0 0.028 28.0 0.001 22.0 0.001 

Correlation (r)   0.17  0.29  0.06  -0.06  -0.27 

 

Table 3. Summary of computed lifetime cancer risks from arsenic (dry and wet seasons). 
 

Fish samples 
(DS) 

Computed risk per sampling site (dry Season) 
1A 1B 2A 2B 3A 3B 4 5 Ave. Risk 

Bangus 6.4E-05 8.3E-06 1.8E-05 8.6E-06 1.2E-05 5.6E-06 1.4E-05 No data 1.9E-05 
Bighead Carp 3.6E-05 6.9E-05 1.5E-05 9.7E-05 9.3E-06 2.5E-05 1.2E-05 1.6E-05 3.5E-05 
Dalag 3.6E-05 3.1E-06 1.5E-05 2.2E-05 8.2E-06 2.9E-09 1.1E-05 2.1E-05 1.5E-05 
Kanduli 3.6E-05 1.6E-06 1.4E-05 2.0E-05 7.2E-05 2.9E-09 6.0E-06 2.0E-05 2.1E-05 
Tilapia 3.4E-05 5.4E-05 9.7E-06 8.5E-05 7.5E-05 1.4E-05 2.9E-06 2.7E-05 3.8E-05 

(WS) 
Computed risk per sampling site (wet season) 

1A 1B 2A 2B 3A 3B 4 5 Ave. Risk 
Bangus 1.1E-05 3.7E-06 5.1E-06 1.1E-05 8.7E-06 3.4E-06 1.6E-05 No data 8.4E-06 
Bighead Carp 1.7E-05 2.8E-06 1.0E-05 4.1E-06 1.7E-05 5.1E-06 1.9E-05 8.2E-06 1.0E-05 
Dalag 3.7E-06 4.6E-06 9.7E-08 7.0E-07 9.7E-08 9.7E-08 2.5E-06 2.7E-06 1.8E-06 
Kanduli 7.8E-06 8.8E-06 9.7E-08 9.7E-08 9.7E-08 9.7E-08 9.3E-06 9.7E-08 3.3E-06 
Tilapia 9.7E-08 1.6E-05 9.7E-08 1.7E-07 4.1E-07 2.9E-07 5.3E-06 9.7E-08 2.8E-06 

 
Correlation analyses of fish mean standard size and 
arsenic concentration  

Previous studies have shown strong relationship 
between fish size and accumulation of heavy metals. This is 
often attributed to changes in metabolic activity as fish ages, 
where it is assumed that large fish are undergoing reduction 
in their metabolic activity. Changes in metabolic rate are 
thought to influence uptake of trace metals, creating strong 
relationship between body size and tissue concentrations of 
trace metals.37  Several studies have described both positive 
and negative relationships of fish size and heavy metals 
concentration. Natures of correlation were mostly dependent 
on the kind of heavy metals analyzed and species of fish.38-43 
In a study of the relationship between heavy metal levels 
and fish size, the results of linear regression analysis showed 
negative relationship between the two variables 
investigated.44  However, a parallel study by Indrajith et al. 
showed that the levels of heavy metals in the fish muscle 
tissue were positively correlated with the length of fish.45  

In this study, linear correlation analysis of fish standard 
size vis a vis arsenic concentration in the fish samples was 
done to determine whether the size of fish was correlated 
with levels of arsenic concentration.  

Linear correlation coefficient of mean standard lengths 
of fish samples and corresponding concentrations of arsenic 
(mg/kg) for dry and wet seasons are shown in Table 4. 
Pearson product moment correlation coefficients (r) for each fish 
species were computed to determine linear relationship 
between the size of fish samples and heavy metal 
concentration. Computed (r) values ranged from -0.42 to 0.27 
indicating that correlation between the two variables tested 
is either negative or weak positive relationship. This 
demonstrates that size of fish samples during dry season do 
not have considerable effect on concentration of arsenic. 
Comparable with the dry season results, the wet season 
values of (r) ranged from -0.27 to 0.29 indicating weak 
correlation. This shows that fish sizes during wet season do 
not have significant effect on the levels of arsenic. 
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Conclusion 
This study spatially analyzed the potential carcinogenic 

risk associated with consumption of commercially 
significant edible fish from Laguna de Bay considering the 
effects of seasonal variation in potential health risks. In 
general, estimates of carcinogenic risk to fish consumers 
were higher during the dry season than wet season. In terms 
of spatial distribution of health risk, calculated values 
showed that it was fairly distributed in most of the fishing 
areas around the lake except for south bay and central west 
bay. The probable risks in these areas were relatively lower 
than other fishing grounds in the lake during dry season. 
Health risk also differs according to fish species and season, 
during dry season it showed the following order of 
magnitude, Tilapia > Bighead Carp > Kanduli > Bangus > 
Dalag and for wet season, Bighead Carp > Bangus > Kanduli 
> Tilapia > Dalag. Tilapia and bighead carp have the highest 
carcinogenic risks for dry and wet seasons, respectively. On 
the other hand, dalag exhibited the lowest risk among fish 
species for both seasons.  Correlation analyses showed that 
fish mean standard sizes do not have significant effect on 
levels of arsenic in fish samples for both seasons.  

Results of this study represent single pollutant and 
species-specific fish consumption exposure via ingestion. 
Although calculation of carcinogenic health risks for 
multiple route and exposure pathways is theoretically 
possible, it would require tremendous effort beyond the 
scope of this study. Nevertheless, this study showed that 
through fish ingestion alone the average carcinogenic       
risk due to arsenic levels exceeded typical acceptable risk 
(1x10-6). This study concludes from the point of view of 
disease prevention that long-term consumption of five 
commercially important fish species from Laguna de Bay 
may cause significant carcinogenic health risk.  
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