
1. Introduction

 Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor onboard National Aeronautics and 
Space Administration (NASA’s) Aqua and Terra satel-
lites are able to estimation columnar aerosol from the 
surface to the top atmosphere that is named aerosol opti-
cal thickness (AOT). The significant of this study is to 
estimate and mapping distribution the PM10 in tropical 
region which may have a different behavior in refining 
data. Relationship between PM in the atmosphere and 
satellite-derived AOT has been studied (Chrysoulakis 
et al., 2003; Hutchison et al., 2005; Gupta et al., 2007). 
Chrysoulakis et al. (2003) showed different location 
can effect on correlation between MODIS AOT and 
particulate matter. Hutchison et al. (2005) acquired a 
correlation range from 0.4 to 0.5 between MODIS AOT 
and particulate matter over Texas and by data averag-
ing over longer time scales; they obtained stronger 
correlation more than 0.9. Gupta et al. (2007) showed 
a correlation range from 0.11 to 0.48 over Sydney and 
AOT changes from less than 0.1 to greater than 1.0 in 
before and during bushfire respectively. Sohrabinia and 
Khorshiddoust (2007) used satellite data and spatial 
modeling with the help of GIS to study concentration 
of different pollutants in Tehran. They used MODIS 
data and ground station data to monitor and mapping 
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 Remote sensing and GIS have been increasingly used for air pollution monitoring in past decade. In this study the 
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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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air pollutants. The two main objectives of this paper 
are: (i) application of MODIS AOT values and ground 
stations PM10 data to monitor and map PM10 pollution 
over Klang Valley. (ii) To determine the correlation 
coefficient between MODIS AOT and hourly PM10 in 
2004.

2. Study area and Methodology

 Klang Valley is located in center part of west coast 
Peninsular Malaysia and is delineated by Strait of Mal-
acca to the west and the Titwangsa Mountains to the 
north and east. There are eight Air Quality Monitoring 
Stations (AQMS) in Klang Valley (Fig. 1). 
 In this study, daily AOT from the MODIS 
(MYD04_L2) onboard Terra satellite and PM10 mass 
concentration were used to mapping distribution of 
both data and validation between them in 2004. The 
below methodology flowchart depict, the procedure 
used to estimate the PM10 and create the maps (Fig. 2). 
The MODIS data have special data format designed for 
scientific purposes (Folk and Pourmal, 2004). This is a 
hierarchical data format (HDF) which can include text 
files, charts, and tables (Sohrabinia and Khorshiddoust, 
2007). The files were opened using HDF explorer and 
the geographical coordinate and AOT values above 
the land copied to MS Excel. A macro was written to 
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arrange the pixels of geographical coordinate and pixel 
of AOT values in columns. In this way the AOT values 
were extracted for spatial geographic coordinate. For 
validation analyses between MODIS AOT and amount 
of PM10 in the atmosphere the average of MODIS AOT 
in 5×5 pixels group (Ichoku et al., 2002) was used. 
Another macro was written for averaging of MODIS 
AOT in 5×5 pixels group for each station in Klang 
Valley. For surface GIS mapping, all of the GIS layers 
were geocoded with the system of decimal degrees, 

because the MODIS provide a data according to 
decimal degrees coordinate. Degrees, minutes, and 
seconds of ground station coordinate converted to the 
decimal degrees. Both of data and correspond of their 
coordinate saved with DBF format. Arc View version 
3.2 was used for mapping the data. The DBF tables 
were added in Arc View using ‘Event Theme’ capabil-
ity. The geographic coordinate of both MODIS AOT 
values and ground station converted to point layers in 
GIS environment.  

Figure 1. Ground station air quality monitoring in Klang Valley
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the atmosphere the average of MODIS AOT in 5×5 pixels group (Ichoku et al., 2002) was used. Another 
macro was written for averaging of MODIS AOT in 5×5 pixels group for each station in Klang Valley. 
For surface GIS mapping, all of the GIS layers were geocoded with the system of decimal degrees, 
because the MODIS provide a data according to decimal degrees coordinate. Degrees, minutes, and 
seconds of ground station coordinate converted to the decimal degrees. Both of data and correspond of 
their coordinate saved with DBF format. Arc View version 3.2 was used for mapping the data. The DBF 
tables were added in Arc View using ‘Event Theme’ capability. The geographic coordinate of both 
MODIS AOT values and ground station converted to point layers in GIS environment.   
 

Figure 2. Showing the GIS mapping and validation process

 
 
Figure 2. Showing the GIS mapping and validation process  
 
3. Results and Discussion 

3.1. Surface maps of PM10 and AOT values 

The integration of remotely sensed data and GIS techniques in conjunction to ground station data 
could emphasis on the distribution of PM10 in a tropical area with map representation.   There was a clear 
different between amount of point distribution in MODIS AOT and ground stations. it is seen that, 
MODIS retrieval AOT data from two wavelength 0.47 m and 0.67 over land with 250 and 500 m 
resolution.  AOT product of MODIS in each pixel has a 10×10 km2 resolution. Therefore, MODIS is able 
to provide AOT for each 100 km2. AOT values were not retrieval for south of Klang Valley in 14 January 
2004 (Fig. 3). It’s may due to cloudy cover. Heavy cloudy cover in the tropical countries like Malaysia is 
general term. AOT values product processing need to use spatial algorithm like (MOD04) and cloud 
mask. Each pixel are classified to either confident clear, probably clear, probably cloudy, and cloudy by 
cloud mask (MOD35) algorithm (King et al., 2003).
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3. Results and Discussion

3.1. Surface maps of PM10 and AOT values

 The integration of remotely sensed data and GIS 
techniques in conjunction to ground station data could 
emphasis on the distribution of PM10 in a tropical area 
with map representation. There was a clear different 
between amount of point distribution in MODIS AOT 
and ground stations. it is seen that, MODIS retrieval 
AOT data from two wavelength 0.47 μm and 0.67 over 
land with 250 and 500 m resolution. AOT product of 
MODIS in each pixel has a 10×10 km2 resolution. 

Therefore, MODIS is able to provide AOT for each 
100 km2. AOT values were not retrieval for south of 
Klang Valley in 14 January 2004 (Fig. 3). It’s may due 
to cloudy cover. Heavy cloudy cover in the tropical 
countries like Malaysia is general term. AOT values 
product processing need to use spatial algorithm like 
(MOD04) and cloud mask. Each pixel are classified to 
either confident clear, probably clear, probably cloudy, 
and cloudy by cloud mask (MOD35) algorithm (King 
et al., 2003). 
  The results of cloud mask are given to algorithms 
and may choose to use data to further processing to 
product AOT data. In the south of Klang Valley the 

 
Figure 3. Geographic coordinate of MODIS AOT values in 14 January 2004 

The results of cloud mask are given to algorithms and may choose to use data to further 
processing to product AOT data. In the south of Klang Valley the MOD04 algorithm may did not run on 
cloud pixels based on the MOD35 cloud mask in 14 January 2004. Surface maps of AOT values and 
PM10 mass were showed in Fig. 4. Maps were made based on MODIS and ground station point. Fig. 4(a) 
shows a real amount of PM10 at ground, but this data just is reliable for a few meters around the ground 
stations. On the other hand for creditable of MODIS AOT should to analyzes of the validation between 

 AOT data and PM10 mass concentration at ground station. Surface map of MODIS AOT shows 
better distribution of PM10 than ground station surface map. 

 

Figure 4. (a) Distribution of PM10 based on ground station data in 14 January 2004, (b) distribution of 
AOT values in 14 January 2004.  
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Figure 4. (a) Distribution of PM10 based on ground station data in 14 January 2004, (b) distribution of AOT values in 14 
January 2004. 
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MOD04 algorithm may did not run on cloud pixels 
based on the MOD35 cloud mask in 14 January 2004. 
Surface maps of AOT values and PM10 mass were 
showed in Fig. 4. Maps were made based on MODIS 
and ground station point. Fig. 4(a) shows a real amount 
of PM10 at ground, but this data just is reliable for a few 
meters around the ground stations. On the other hand 
for creditable of MODIS AOT should to analyzes of 
the validation between
  AOT data and PM10 mass concentration at ground 
station. Surface map of MODIS AOT shows better 
distribution of PM10 than ground station surface 
map.
 AOT surface map created based on 23 AOT values 
(Fig. 2), but for ground station surface map, 8 PM10 data 
were used. PM10 pollution recorded by ground station 
on a beginning of the week –Monday- and weekend 
-Saturday- were interpolated also in GIS environment 
to produce surface maps (Fig. 5).
 Clearly the different was obtained between the 
amount of PM10 at the beginning of the week and on 
weekend. Increase and decrease of PM10 in during 
the week is because of the human activity. The level 
of particulate matters is mostly influenced by motor 
vehicles and industry during normal period (without 
haze) (Afroze et al., 2003). 

3.2. Validation between MODIS AOT and PM10 mass 
concentration 

 The non-linear correlation coefficient (NLCC) was 
used to show any correlation between MODIS AOT 

and hourly PM10 mass in eight AQMS in Klang Val-
ley in 2004 (Table 2). The lowest and highest NLCC 
were obtained at Petaling Jaya 0.1 and Shah Alam 
0.62 respectively. The p-value reports in column 3 and 
indicates the probability; whether the same result will 
obtain if the correlation between the data sets are zero. 
The p-value higher than 0.05 means that cannot use the 
linear correlation coefficient because coefficient is not 
truly different from zero. Number of points (column 
2) represents the sample size used for successive cor-
relation tests which are lower than 50 for each station. 
Low amount of points may be due to algorithms and 
cloud mask which NASA used for retrieval data over 
tropical area like Malaysia. The cloud mask using 48 
bits of output provide individual cloud test result and 
each cloud detection test has a value from one (high 
confidence clear) to zero (low confidence clear) (King 
et al., 2003). Finally a minimum confidence is deter-
mined for each group. Algorithms are given the result 
and different algorithms show different sensitivities to 
cloud mask result (King et al., 2003). The mean of PM10 
at Klang, Victoria K.L, and Cheras K.L were acquired 
higher than other stations (Table 2). Result of Figs. 
5(a-b) and Figs. 4(a-b) is agreement with this result.
 It is due to human activity. Victoria K.L and 
Cheras K.L places have a more population and Klang 
is a seaport, subsequently human activities are higher 
than other area. The AOT values were obtained higher 
at Petaling Jaya for 14 January 2004 [Fig. 4(b)] than 
other stations, on the other hand the NLCC between 
AOT values and PM10 mass was acquired lower for 
this location as compared to another station. Major 

Figure 5. (a) Higher amount of PM10 at the beginning of the week (Monday), (b) relatively lower amount of PM10 on 
weekend (Saturday).
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AOT and hourly PM10 mass in eight AQMS in Klang Valley in 2004 (Table 2). The lowest and highest 
NLCC were obtained at Petaling Jaya 0.1 and Shah Alam 0.62 respectively. The p-value reports in 
column 3 and indicates the probability; whether the same result will obtain if the correlation between the 
data sets are zero. The p-value higher than 0.05 means that cannot use the linear correlation coefficient 
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Figs. 5(a-b) and Figs. 4(a-b) is agreement with this result. 
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industrial units of Klang Valley are in Petaling Jaya in 
comparison with the other sites, and industrial activity 
cause to create sulfur dioxide (SO2). SO2 emissions in 
the atmosphere can be transformed to sulfate (Quan 
et al., 2008). Generally sulfate particle has higher light 
extinction efficiency than other particles especially 
under humidity conditions (Chin et al., 2002). There-
fore, AOT will retrieval different than the real range, 
and the NLCC decreases. Scatter plot of MODIS AOT 
versus amount of PM10 at ground station were showed 
for Shah Alam and Putra Jaya in figure 6. In most of 
case amount of MODIS AOT were obtained from 0.1 
to 0.8. Correlation coefficient between AOT and PM10 
mass in the high amounts of PM10 is better than low 
amounts. For example, increases PM10 mass more than 
80µg/m3 in Putra Jaya the AOT increases too. This 
range in Shah Alam is more creditable than lower PM10 
in 70µg/m3.
 Result of Fig. 6 showed that atmospheric boundary 
layer (ABL) has major effect on correlations between 

MODIS AOT and PM10 mass. Xu et al. (2003) and 
Zhou et al. (2005) showed the most important reason 
for the change in air quality is the change in ABL. When 
ABL is low, aerosols are trapped in the lower atmo-
sphere and columnar AOT are representative of PM10 
measurements at ground, result correlation increases.  
  Lowest correlation between MODIS AOT and PM10 
mass was showed in figure 7. Amounts of PM10 are 
lower than 80µg/m3 that is due to low human activity 
or high level of ABL. When the ABL is high the aerosol 
distributed in the atmosphere so that the accuracy of 
surface measurement is minimized, results correlation 
decreases.

4. Conclusions

 MODIS AOT data and PM10 mass concentration 
measured by eight AQMS in Klang Valley were used in 
2004. GIS environment was used for mapping of surface 
distribution both PM10 mass and AOT values retrieval 

Table 2. Correlation statistics between MODIS AOT and PM10 for eight AQMS in Klang Valley in 2004

Stations name
No.

Points p-value
Corr.
coeff

PM10 (µg/m3) MODIS AOT (0.55µm)
Mean SD Mean SD

Gombak 48 0.80 0.36 54.39 27.26 0.44 0.37
Klang 15 0.67 0.24 69.20 16.51 0.56 0.48
Victoria K.L 27 0.44 0.29 59.14 37.12 0.40 0.37
Petaling Jaya 30 0.34 0.10 46.46 15.08 0.45 0.37
Kajang 25 0.37 0.21 42.80 21.83 0.47 0.37
Shah Alam 23 0.08 0.62 55.37 17.85 0.51 0.45
Putra Jaya 15 0.48 0.54 48.20 16.44 0.54 0.39
Cheras K.L 21 0.33 0.33 65.33 19.48 0.50 0.41

       

Figure 6. (a) and (b) scatter plot of non-linear correlation coefficient for Shah Alam and Putra Jaya respectively.
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Result of Fig. 6 showed that atmospheric boundary layer (ABL) has major effect on correlations between 
MODIS AOT and PM10 mass. Xu et al. (2003) and Zhou et al. (2005) showed the most important reason for the 
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Stations name
No.

Points p-value
Corr.
coeff

PM10 (µg/m3) MODIS AOT (0.55µm)

Mean SD Mean SD 
Gombak 48 0.80 0.36  54.39 27.26  0.44 0.37 
Klang 15 0.67 0.24  69.20 16.51  0.56 0.48 
Victoria K.L 27 0.44 0.29  59.14 37.12  0.40 0.37 
Petaling Jaya 30 0.34 0.10  46.46 15.08  0.45 0.37 
Kajang 25 0.37 0.21  42.80 21.83  0.47 0.37 
Shah Alam 23 0.08 0.62  55.37 17.85  0.51 0.45 
Putra Jaya 15 0.48 0.54  48.20 16.44  0.54 0.39 
Cheras K.L 21 0.33 0.33  65.33 19.48  0.50 0.41 

(a) (b)
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from MODIS sensor. GIS environment were also used 
to shows an amounts and distribution of PM10 in busy 
day-Monday- and week holiday –Saturday- over Klang 
Valley. Non-linear correlation coefficient was used to 
shows the validation between MODIS AOT and PM10 

mass. Amount of AOT points were obtained more than 
PM10 stations. Due to cloudy cover amount of sample 
size which used for correlation tests were obtained lower 
than 50 for each station. It can be concluded MOD35 
cloud mask is not powerful for retrieval data over 
tropical area. The surface map of AOT showed better 
distribution of PM10 than the surface map of ground 
station data. Surface map of PM10 in busy day shows 
high level of PM10 than holiday. Validation analysis 
between MODIS AOT and PM10 mass showed that ABL 
and composition of particulate are able to decrease or 
increase the result. If ABL is low the correlation was 
acquired high and vice versa. Satellite and GIS are able 
to show the distribution of PM10 over large scale that 
are not possible by ground stations alone. 
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Figure 7. Scatter plot of low amount of PM10 versus MODIS AOT in non-linear correlation coefficient at Petaling 
Jaya 

Lowest correlation between MODIS AOT and PM10 mass was showed in figure 7. Amounts of PM10 
are lower than 80µg/m3 that is due to low human activity or high level of ABL. When the ABL is high the 
aerosol distributed in the atmosphere so that the accuracy of surface measurement is minimized, results 
correlation decreases. 

 
4. Conclusions 

MODIS AOT data and PM10 mass concentration measured by eight AQMS in Klang Valley were 
used in 2004. GIS environment was used for mapping of surface distribution both PM10 mass and AOT 
values retrieval from MODIS sensor. GIS environment were also used to shows an amounts and 
distribution of PM10 in busy day-Monday- and week holiday –Saturday- over Klang Valley. Non-linear 
correlation coefficient was used to shows the validation between MODIS AOT and PM10 mass. Amount 
of AOT points were obtained more than PM10 stations. Due to cloudy cover amount of sample size which 
used for correlation tests were obtained lower than 50 for each station. It can be concluded MOD35 cloud 
mask is not powerful for retrieval data over tropical area. The surface map of AOT showed better 
distribution of PM10 than the surface map of ground station data. Surface map of PM10 in busy day shows 
high level of PM10 than holiday. Validation analysis between MODIS AOT and PM10 mass showed that 
ABL and composition of particulate are able to decrease or increase the result. If ABL is low the 
correlation was acquired high and vice versa. Satellite and GIS are able to show the distribution of PM10 
over large scale that are not possible by ground stations alone.  
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