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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

Available online at www.tshe.org/EA
EnvironmentAsia 5(2) (2012) 11-15

Temporal Characteristics of Airborne Particulate Matter in Phnom Penh, Cambodia

Joel D. Bernosky and Stephen J. Vermette

Department of Geography and Planning, Buffalo State College, State University of New York, 1300 Elmwood Avenue,
Buffalo, NY 14222, U.S.A.

Abstract

	 Particulate	matter	of	less	than	10	microns	(PM-10),	has	been	identified	as	a	critical	airborne	pollutant	of	most	Asian	
cities,	and	is	often	attributed	to	vehicle	traffic.	PM-10	is	not	routinely	monitored	in	Phnom	Penh,	Cambodia.	Using	a	particle 
counter,	PM-10	was	monitored	 along	Phnom	Penh	 roads	 creating	 road-side	 temporal	 profiles.	The	 ‘commuter	 profile’ 
exhibited	high	PM-10	counts	in	the	morning	and	late	afternoon.	The	‘business	district	profile’	exhibited	high	PM-10	counts	
in the late-morning/early-afternoon. The PM-10 particle counts were converted to PM-10 mass measurements (µg/m3). The 
PM-10 mass measurements exceeded the WHO daily standard of 50 µg/m3, while it approached and sometimes exceeded 
(during	periods	of	peak	traffic)	the	U.S.	EPA	standard	of	150	µg/m3. 
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1. Introduction

	 The	city	of	Phnom	Penh	(13ºN,	105ºE)	(Fig.	1)	is	
located in south-central Cambodia, to the west of the 
confluence	of	the	Bassac,	Mekong	and	Tonle	Sap	rivers. 
Possessing a population of over 1.5 million, Phnom 
Penh covers approximately 375 square kilometers 
(Planning, 2004). 
	 As	Cambodia’s	capital	city,	and	with	a	growing	
national GDP, Phnom Penh is currently undergoing 
heavy development and population expansion and 
expanding its boundaries into the surrounding rural 
farmland and wetlands. This expansion carries with it 
increased energy and resource use as well as increased 
vehicles	and	traffic,	as	well	as	air	pollution	(Furuuchi 
et al.,	2006).	Particulate	pollution	is	a	significant	problem, 
as residents are often seen wearing surgical-type 
masks while on the streets and many visitors to Phnom 
Penh remark on the dust levels. CAI-Asia (2010) has 
identified particulate matter, with an aerodynamic 
particle diameter of 10 microns or less (PM-10), as a 
critical pollutant for most Asian cities. Currently, PM-10 
is not routinely monitored in Phnom Penh (Cambodia, 
2006; CAI-Asia, 2010), although there are a number 
of ad hoc studies that have reported Total Suspended 
Particulates (TSP) or PM-10 concentrations (Kashima 
et al., 2001; Furuuchi et al., 2006). Respiratory diseases 
are believed among the leading causes of morbidity in 
Cambodia (Cambodia, 2006). While there are currently 
no Cambodian studies to support a link between PM-10 
and respiratory disease, there are numerous examples  
establishing such links in other cities (Pope and Dockery, 
2006; Brunekreef and Forsberg, 2005).

	 The	streets	of	Phnom	Penh	are	busy	with	traffic	
and numerous roadside businesses are open to the 
street. Studies in developed countries found areas in 
the immediate proximity of roads show a very high 
concentration of particulates (Morawska et al., 1999), 
and a higher risk and mortality rate with proximity to 
traffic	air	pollution	(Hoek	et al., 2002; Finkelstein et al., 
2004; Bylina et al., 2005). The objective of this study 
is to characterize road-side PM-10 concentrations in 
Phnom Penh at different times of the day.

2. Methods and Materials

 Airborne ambient pollution samples were collected 
between June 15 and 24, 2008, using a laser particle  
counter. A battery operated one-channel particle 
counter,	capable	of	measuring	ambient	particles	≤10	
µm (Met One Model 229, manufactured by Met One 
Instruments,	Inc.,	Oregon,	United	States)	was	used	to	
sample air quality. The particle counter was operated 
for the default one minute sampling period, with a set 
flow	 rate	 of	 2.83	L/min	 (0.00283	m3/min). Multiple 
one-minute sampling runs were taken in sequence 
(usually three samples) and the mean counts were 
reported in count per cubic meter (count/m3). 
Subsequent one-minute samples were taken every 
half-hour throughout the day to complete the temporal 
sampling. The particle counters were held at chest 
height, as this allows the counter to sample air that 
would likely be inhaled.
	 Temporal	analyses	(daily	profiles)	were	obtained	
at eight locations that were chosen to represent typical 
Phnom	Penh	street	and	intersection	traffic.	Each	sample	
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location	is	plotted	in	Fig.	1.	Each	location	chosen	for	
particle counting represents a different urban scenario. 
Locations	were	also	chosen	to	obtain	an	approximate	
even distribution across the city. Summary statistics 
(mean, median, and mode) were calculated for each 
profile,	where	the	number	of	samples	(n	value)	varied	 
based on the number of samples taken with each 
profile.
 A well-known shortcoming of particle counters is 
the	relative	difficulty	of	comparing	particle	counts	to	
more standard mass measurements. Because of this, a 
portable high-volume air sampler (Science Source Air 
Sampler #15000, manufactured by The Science Source, 
Maine,	United	States)	was	 used	 to	 sample	 airborne	
ambient	particulates	at	the	Royal	University	of	Phnom	
Penh site. The one-channel laser particle counter was 
employed to sample the air directly above the high 
volume sampler immediately before and after the high 
volume sampler was run so that recorded particle counts 
could be compared to particle mass loadings as collected 
by the high-volume sampler. 

3. Results

3.1. Particle Counts and Particle Mass

 Particle mass loadings, derived from the analysis 
of	the	high-volume	air	sampler	filters,	along	with	the	
averaged particle counts, collected from the particle 
counter,	were	graphed	on	a	scatter	plot.	Using	the	trend	
line ’s formula of y = 2×10-7(x)-22.82 it is possible to 
predict	 the	mass	 represented	 by	 a	 specific	 particle	

count. Because high-volume air samplers collect Total 
Suspended Particles (TSP) samples, rather than the 
PM-10 data collected by the particle counters, it is useful 
to further convert the data from TSP measurements 
to PM-10. Kashima et al., (2001) sampled both TSP 
and PM-10 (n= 8), during the month of June, at two 
sites in Phnom Penh. The PM-10/TSP ratios were tight, 
ranging from 0.81 to 0.88. By multiplying the TSP 
measurements obtained in this study by an average 
ratio of 0.845, PM-10 values were calculated for the 
city of Phnom Penh.
	 The	 temporal	profiles	show	both	particle	counts	
and particle mass (PM-10) which is the preferred 
measurement	unit	of	airborne	particles	in	Environmental 
Protection	Agency	(EPA)	and	World	Health	Organization 
(WHO)	standards.	The	EPA	standard	for	PM-10	is	a	
daily average of 150 µg/m3 (40CFR 50.6(a)) or 8.64x108 
particle counts/m3 (our calculation) The WHO standard 
for PM-10 is a daily average of 50 µg/m3 (CAI-Asia, 
2010) or 3.64x108 particle counts/m3 (our calculation). 

3.2. Particle Count/Mass Profiles

3.2.1. Commuter Signature
	 The	longest	roadside	temporal	profile	was	monitored 
on June 15, 2008 at Monivong Boulevard, located at 
the Comfort Star Hotel (Fig. 2a). The mean particle 
count for this sample site was 8.48x108 particles/m3 
with a median count of 8.28x108 particles/m3 and a 
similar standard deviation of 8.28x108 particles/m3. 
Particles were counted in half-hour increments from 
0500 to 1900 hours, incorporating morning, afternoon 
and	evening	traffic	flow.	PM10 levels rose above a base 
count of 6.95x108 particles/m3 through the morning, 
reaching a peak of 1.21x109 particles/m3 at 1000 hours 
(an increase in particles of 73% over a 3.5-hour period). 
With	some	fluctuation	the	counts	leveled	out	for	a	few	
hours. The particle counts trend downward through the 
day, hitting a low count of just 5.24x108 particles/m3. A 
late afternoon increase in particle counts was observed 
at 1700 hours, peaking at 9.52x108 particles/m3, and 
lasting only a few hours before returning to a base level 
of 5.05x108 particles/m3. 
	 The	profile	taken	along	Russian	Boulevard	(Fig.	
2b) was very similar to the counts taken previously 
on Monivong Boulevard (Fig. 2a). The 0900 hour 
counts were among the highest of the day (6.72x108 
particles/m3), with an exception occurring at 1400 hours 
(7.14x108 particles/m3), followed by a decrease of 69% 
in particle counts until 1600 hours when levels reached 
4.62x108 particles/m3. 
	 The	waterfront	temporal	profile	(Fig.	2c)	showed	
a mean particle count that was 5.50x108 particles/m3 
with a median count of 6.11x108 particles/m3 and a 
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cubic meter (count/m3). Subsequent one-minute samples were taken every half-hour throughout the 
day to complete the temporal sampling. The particle counters were held at chest height, as this allows 
the counter to sample air that would likely be inhaled. 

Temporal analyses (daily profiles) were obtained at eight locations that were chosen to 
represent	typical	Phnom	Penh	street	and	intersection	traffic.	Each	sample	location	is	plotted	in	Fig. 1. 
Each	location	chosen	for	particle	counting	represents	a	different	urban	scenario.	Locations	were	also	
chosen to obtain an approximate even distribution across the city. Summary statistics (mean, median, 
and mode) were calculated for each profile, where the number of samples (n value) varied based on 
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standard deviation of 2.49x108 particles/m3. As seen 
in Fig. 2c, temporal particle counts recorded at the 
waterfront showed a general decline in particulate levels 
throughout the day until 1430 hours, from 7.79x108 to 
4.29x108 particle/m3 (a decrease of 55%). 
	 The	highest	 particle	 counts	were	measured	first	
thing in the morning. The early counts on Russian 
Boulevard and along the waterfront likely showed the 
back-end	of	the	morning	commute	traffic	and	terminate	
prior to the expected late afternoon rise in counts. The 
spike at 1400 hours (Fig. 2b) appeared to be short-lived 
and may be indicative only of a short-lived source.
 These three locations (Figs. 2) represent a commuter 
pattern. Vehicles entering the city in the morning 

(0500 hours) cause particle counts to rise until a peak 
is reached (0900 to 1000 hours). The evening rush 
hour	 traffic	 at	 this	 location	was	 seen	when	 particle	
count levels again rose from 1600 hours to 1730 hours. 
Monivong Blvd, Russian Blvd and National Highway 
5 (waterfront) are major roads linking the countryside 
to the urban center, reinforcing the interpretation of the 
particle count trends as a commuter pattern.

3.2.2. Business District Signature
	 The	temporal	profile	taken	at	the	Central	Market	
(Fig. 3a) had a mean particle count of 8.64x108 particles/
m3, a median count of 8.24x108 particles/m3, and a 
standard deviation of 2.49x108 particles/m3. The Central 
Market is a very busy area in the center of Phnom Penh 
and had high particulate levels in the morning that 
rapidly dropped from 1.03x109 to 7.24x108 particles/
m3 (900 to 1000 hours), before climbing at midday 
from 7.37x108 to 9.95x108 particles/m3 (1100 to 1200 
hours), and then dropping again into the afternoon from 
1.00x109 to 7.77x108 particles/m3 (1300 to 1500 hours). 
The	temporal	profile	of	the	Central	Market	differs	from	
that of the commuter pattern (Figs. 2) in that a midday 
peak is obvious. This peak may represent inner-city 
traffic	based	upon	a	busy	shopping	and	business	district	
that	experiences	large	volumes	of	traffic	in	at	midday	
rather	than	commuter	traffic	in	either	the	morning	or	
the evening.
	 The	profile	taken	in	East	Phnom	Penh	on	Mao	Tse	
Toung Boulevard was similar to that of the Central Market 
(Fig. 3b). The mean particle count for this sample 
site was 5.54x108 particles/m3, with a median count 
of 5.50x108 particles/m3, and a standard deviation 
of 1.43x108 particles/m3. Mao Tse Toung Boulevard 
showed a 58% decrease in particle counts from 
approximately 6.69x108 to 3.90x108 particles/m3 from 
0900 to 0930 hours before they level off for an hour 
(likely the tail end of the morning rush hour). Particle 
counts rose 50% from 1030 to 1230 hours (from 
3.96x108 to 7.89x108 particles/m3). Particle counts 
fell again from 1230 to 1330 hours to 4.44x108 before 
rising until another peak was reached at 1500 hours 
(5.70x108). Both patterns (Figs. 3) showed a strong 
mid-day peak in particle counts suggesting strong 
mid-day	traffic	associated	with	a	business	district.	

3.2.3. Mixed Signatures
 Particle counts were taken at the intersection of 
Russian Boulevard and Street 315 near the Royal 
University	 of	Phnom	Penh,	 in	 the	Northwest	 corner	
of the city. The mean particle count for this sample 
site was 5.50x108 particles/m3, with a median count 
of 5.21x108 particles/m3, and a standard deviation of 
1.35x108 particles/m3. Recorded from 0900 to 1530 

Figure 2. Temporal particle counts for Monivong Boulevard 
Comfort Star location on June 15, 2008 (A); for Russian 
Boulevard location on June 17, 2008 (B); and the Waterfront 
(National Highway 5) on June 20, 2008 (C).
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Figure 2. Temporal particle counts for Monivong Boulevard Comfort Star location on June 15, 2008 (A); for 
Russian Boulevard location on June 17, 2008 (B); and the Waterfront (National Highway 5) on June 20, 2008 
(C). 
 

These three location (Figs. 2) represent a commuter pattern. Vehicles’ entering the city in the 
morning (0500 hours) cause particle counts to rise until a peak is reached (0900 to 1000 hours). The 
evening rush hour traffic at this location was seen when particle count levels again rose from 1600 
hours to 1730 hours. Monivong Blvd, Russian Blvd and National Highway 5 (waterfront) are major 
roads linking the countryside to the urban center, reinforcing the interpretation of the particle count 
trends as a commuter pattern. 
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hours	the	profile,	as	shown	in	Fig.	4a,	displays	a	morning	
commuter pattern, where the 0900 hours sample counts 
captured	the	tail	end	of	the	morning	commute	traffic	
(8.87x108 particles/m3). Subsequent sample counts fell 
until 1300 hours (4.29x108 particles/m3), hereafter a 
second peak in particle counts was observed. An early 
afternoon	increase	in	particle	counts	commute	traffic	
clearly	 defined	 as	 an	 increase	 (1300	 hours	 to	 1500	
hours) followed by a decrease in particulate counts. 
This location clearly showed an early afternoon rush 
hour typical of a business district signature, although 
occurring later in the afternoon. The rise in particle 
counts in the afternoon may signify an earlier occurrence 
of the evening commute. 
	 The	profile	taken	at	the	intersections	of	Monivong	
and Sihanouk Boulevard (Fig. 4b) showed a mean particle 
count for this sample site of 6.69x108 particles/m3, 
with a median count of 5.83x108 particles/m3, and a 
standard deviation of 2.83x108 particles/m3. The 0900 
hour count (6.72x108 particles/m3) may represent a 
decrease from possibly higher rush-hour counts. The 
particle counts appeared to have stabilized at an average 
of 5.77x108 particles/m3 throughout the morning, from 
1000 hours to 1330 hours. Through the early afternoon, 
there	appeared	to	be	a	fluctuation	in	counts,	including	
a particle count spike of 74% from 1330 to 1400 hours 
(6.29x108 to 1.13x109 particles/m3). As with Fig. 4a, 

the	afternoon	pattern	may	reflect	heavy	mid-day	traffic,	
typical of a business district signature, although later 
in the afternoon.

3.2.4. Unique Signatures
	 One	profile	 offered	 a	 signature	 that	was	unique	
from	either	the	Commuter	or	Business	District	profiles,	
or mixed combinations. The Olympic Stadium sample 
profile	(Fig.	5)	showed	a	mean	particle	count	of	4.30x108 
particles/m3, with a median count of 3.66x108 particles/
m3, and a standard deviation of 2.10x108 particles/
m3. Particulate levels from 0900 hours to 1700 hours 
fluctuated between around 3.0x108 and 8.08x108 
particles/m3. Particle concentrations at the end of the 
sampling period (1830 hours) were 37% higher than 
those seen at the start of sampling (0900 hours). The 
morning commute signature was absent, and while 
particle	counts	fluctuated	 through	 the	day,	 there	was	
a clear increase in particle counts through the evening 
suggesting either a long lived evening commute or 
greater activity on site in the late afternoon and evening 
hours. 

4. Conclusion

	 Different	traffic	patterns	existed	at	different	times	
of the day, and were encompassed in four temporal 

Figure 3. Temporal particle counts for the Central Market 
on June 20, 2008 (A); and along Mao Tse Toung Blvd on 
June 21, 2008 (B)
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followed by a decrease in particulate counts. This location clearly showed an early afternoon rush 
hour typical of a business district signature, although occurring later in the afternoon. The rise in 
particle counts in the afternoon may signify an earlier occurrence of the evening commute.  
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particles/m3, and a standard deviation of 2.83x108 particles/m3. The 0900 hour count (6.72x108 
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appeared to have stabilized at an average of 5.77x108 particles/m3 throughout the morning, from 1000 
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including a particle count spike of 74% from 1330 to 1400 hours (6.29x108 to 1.13x109 particles/m3). 
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profile	 signatures.	The	first	 signature	was	 a	 typical	
‘Commuter’	profile,	with	high	particle	count	values	in	
the morning and late afternoon, as seen at the Monivong 
Blvd and Russian Blvd locations (Fig. 2). These two 
locations are situated near the edge of the city, and 
serve as commuting roads bringing vehicles in and 
out	of	the	city	center.	A	second	signature,	defined	as	
‘Business	District’,	exhibits	high	PM-10	counts	near	
the	middle	of	the	day	reflecting	heavy	mid-day	traffic.	
This pattern was seen at the Central Market and along 
Mao Tse Toung Blvd (Fig. 3). A third signature appears 
a	mix	between	the	‘Commuter’	and	‘Business	District’	
signatures. This pattern was seen at the intersection of 
Russian Blvd and Street 315, and at the intersection 
of Monivong and Sihanouk Blvds (Fig. 4). The fourth 
signature	group	was	actually	two	unique	profiles.	The	
Olympic Stadium site exhibited low particle counts in 
the morning but increasing counts through the afternoon 
and	evening.	This	profile	 suggests	either	an	evening	
commute or greater activity on site in the late afternoon 
and evening hours The Waterfront site exhibited 
decreasing particle counts from that of a morning high. 
This decrease in counts may be attributed to increased 
wind speeds off of the Mekong River.
 Mean particle counts, taken at the eight locations 
in Phnom Penh, were 6.33x108 particles/m3. This average 
is slightly higher than the average reported by Vermette 
et al. (2011) for city-wide coarse particles (1.07x108 
particles/m3), but it has been reconstructed from averages 
recorded	while	taking	particle	count	temporal	profiles	at	
mainly busy intersections with limited spatial variability. 
The mass/volume measurements, in all cases, exceeded 
the WHO PM-10 daily standard of 50 µg/m3, and 
approached	the	EPA	PM-10	daily	standard	of	150	µg/m3, 
exceeding	 the	EPA	 standard	 during	 periods	 of	 peak	
traffic.
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4. Conclusion 
 

Different traffic patterns existed at different times of the day, and were encompassed in four 
temporal profile signatures. The first signature was a typical ‘Commuter’ profile, with high particle 
count values in the morning and late afternoon, as seen at the Monivong Blvd and Russian Blvd 
locations (Fig. 2). These two locations are situated near the edge of the city, and serve as commuting 
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site exhibited low particle counts in the morning but increasing counts through the afternoon and 
evening. This profile suggests either an evening commute or greater activity on site in the late 
afternoon and evening hours The Waterfront site exhibited decreasing particle counts from that of a 
morning high. This decrease in counts may be attributed to increased wind speeds off of the Mekong 
River. 

Median particle counts, taken at the eight locations in Phnom Penh, were 6.33x108 
particles/m3. This average is slightly higher than the average reported by Vermette et al. (2011) for 
city-wide coarse particles (1.07x108 particles/m3), but it has been reconstructed from averages 
recorded while taking particle count temporal profiles at mainly busy intersections with limited spatial 
variability. The mass/volume measurements, in all cases, exceeded the WHO PM-10 daily standard of 
50 µg/m3,	and	approached	the	EPA	PM-10 daily standard of 150 µg/m3, exceeding the EPA	standard 
during periods of peak traffic. 
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