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Abstract This study aims to determine the com-
position of surfactants in the lake surface mi-
crolayer, rainwater, and atmospheric aerosols in
the area surrounding Lake Chini, Pahang. Surfac-
tants in the lake surface microlayer were taken
from seven different stations around the lake,
while samples of rainwater were taken from five
different sampling stations. The samples of at-
mospheric aerosols were collected from the Lake
Chini Research Centre which is in close proximity
to the lake. The colorimetric analysis method was
used to determine the composition and concentra-
tion of anionic surfactants as methylene blue ac-
tive substances (MBAS) and cationic surfactants
as disulphine blue active substances (DBAS). The
concentration of anionic surfactants, as MBAS,
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in the surface microlayer ranged between 0.08 to
0.23 umol L~!, while the range of concentration
of cationic surfactants as DBAS ranged from 0.09
to 0.11 umol L~!. The concentration of MBAS
was higher in rainwater when compared to sur-
factants in the lake surface microlayer. The high
concentration of surfactants in the fine mode of
atmospheric aerosols suggests that natural and
anthropogenic sources of surfactants contribute to
the atmospheric surfactants.
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Introduction

Wetland is often considered as the sink for pol-
lutants which traps a variety of dissolved organic
matter (DOM) that constitutes a large proportion
of the total organic matter in many freshwa-
ter ecosystems (Haitzer et al. 1998). According
to Pogorzelski and Kogut (2003), DOM is a
very complex mixture of substances with diverse
physicochemical properties. A large fraction of
DOM has surface-active properties which have
the ability to influence mass and energy transfer
between the air—water interfaces (Hunter and Liss
1981; Leko et al. 2004). Although surfactants play
a significant role in the environment (Latif and
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Brimblecombe 2004; Kiss et al. 2005; Latif et al.
2005; Mungray and Kumar 2008; Masakorala et al.
2010), surfactants in wetlands are poorly quanti-
fied and have yet to be fully characterized in terms
of their chemical composition and distribution.

Lake ecosystems are increasingly affected by
surfactants derived from various natural and an-
thropogenic sources. Volatile organic compounds
emitted from soil and vegetation have been found
to act as a precursor of surfactants (Librando
and Tringali 2005). Through chemical oxidation,
volatile organic compounds generate semi-volatile
organic compounds which eventually condense to
form secondary organic particles. It is reported
that these secondary organic particles comprise of
molecules with the hydroxyl and carboxyl group
that display surface-active properties (Seinfeld
and Pankow 2003).

Several studies report that the introduction
of surfactants may have an influence on lake
ecosystems (Boulanger et al. 2004; Pavli¢ et al.
2005). According to Hyun-Hee et al. (2002), sur-
factants in aquatic systems may serve to cause
deterioration of water quality and it is noted
that surfactants in wetlands are capable of in-
creasing the solubility of organic and inorganic
pollutants (Almeida et al. 2009). The ability of
surfactants to reduce surface tension, leads to
other pollutants accumulating on the surface of
the water and eventually dissolving, thus enter-
ing the water bodies (Warne and Schifko 1999).
Surfactants released are also likely to negatively
impact flora and fauna as reported by Pavli¢ et al.
(2005) and El Shimy et al. (2007). Generally,
however, surfactants have been observed to de-
nature bind proteins from the cell walls of plants
and consequently alter membrane permeability,
hence, affecting aquatic food chains (Kimerle
1989; Lewis and Hamm 1986; Dyer et al. 1997).
The flux of surfactants into the atmosphere will
also increase the amount of cloud condensation
nuclei, increase the number of water droplets and
the albedo effect (Asa-Awuku et al. 2008) and
therefore lead to changes in the microclimate
around the lake ecosystem.

This study aims to determine the composition
and distribution of surfactants around lake ecosys-
tems, given their ability to affect the various func-
tions of the lake ecosystem.
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Materials and method
Study area

Lake Chini is the second largest natural lake in
Malaysia, located at 03°2440” N to 03°26'42” N
and 102°54’'18” E to 102°55'54” E in the state of
Pahang in the Malaysian Peninsular. Lake Chini
is comprised of a series of 12 inter-connecting
water bodies referred to as “Laut” (sea) in the
Malay language spoken by the locals. The wa-
ter bodies which form Lake Chini are Laut Gu-
mum, Laut Pulau Balai, Laut Cenahan, Laut Tan-
jung Jerangking, Laut Tengkuk, Laut Mempiteh,
Laut Kenawar, Laut Serodong, Laut Melai, Laut
Batu Busuk, Laut Labuh, and Laut Jemberau
(Shuhaimi-Othman et al. 2007).

The Chini River, which drains from the lake,
flows into the Pahang River. This river is dammed
to maintain the lake’s depth during the dry season.
However, this has disrupted the natural ecology
of the lake and resulted in the death of trees on
its shores due to elevated water levels. According
to the Malaysian Nature Society (1999), this area
is richly endowed with biological resources and
some 288 species of plants, 21 species of aquatic
plants, 92 species of birds, and 144 species of
freshwater fishes have been found here.

The lakeshores themselves are inhabited by the
Jakun branch of the Orang Asli. Most of these
people survive through a combination of fishing in
the lake, rubber tapping, harvesting forest prod-
ucts such as rattan, and making blowpipes and
other handicrafts for tourists. They are also in-
volved in the logging industry and agricultural
activities on the palm oil plantations.

Sampling locations

Several stations were selected to determine the
concentration of surfactants around the lake
ecosystem (Fig. 1). The seven stations used for
sampling lake water surface microlayer were: Laut
Gumum, Laut Cenahan, Laut Kenawar, Laut
Melai, Laut Batu Busuk, and Laut Jemberau dan
Chini River mouth (Table 1). Sampling stations
for rainwater are shown in Table 2. Lake Chini
Research Centre (3°25'32” U, 102°55'34” T) was
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Fig. 1 Location of sampling stations around Lake Chini
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Table 1 Sampling stations for lake water surface
microlayer

Station  Area Coordination

S1 Laut Gumum 03°26.12’ N 102°55.69' E
S2 Laut Cenahan 03°26.16/ N 102°54.90' E
S3 Laut Kenawar 03°25.61’ N 102°54.38' E
S4 Laut Melai 03°24.69 N 102°54.57 E
S5 Laut Batu Busuk  03°25.41' N 102°55.05 E
S6 Laut Jemberau 03°25.10 N 102°55.71' E
S7 Chini River 03°26.41' N 102°54.68' E

selected as a sampling station for atmospheric
aerosol (near to S1).

Sampling procedure

Sampling for the lake surface microlayer (n = 15)
and rainwater (monthly, n = 6) was conducted
between August (2009) to January (2010); while
atmospheric aerosol samples were taken between
28 and 30 January 2010.

Lake-surface microlayer

Samples of the lake’s surface microlayer were
collected using a rotation drum as recommended
by Harvey (1966) for collecting samples from the
sea-surface microlayer. The rotation drum has a
smooth surface which is readily wet by water and
used to collect the sample through its rotation
on the surface water (Roslan et al. 2010). This
method is ideal for obtaining a sample of a thin
and less disturbed layer of surface water. Samples
were stored in a vial at 4°C prior to surfactant
analysis.

Rainwater

Samples of rainwater were collected in a dark
bottle, attached with funnel, and wrapped in alu-
minum foil. Samples were collected every fort-
night for surfactant analysis. Samples of rainwa-

Table 2 Sampling station for rainwater

Station Area Coordination

S1 Laut Gumum 03°26.12’ N 102°55.69' E
S2 Laut Cenahan 03°26.16/' N 102°54.90' E
S3 Laut Kenawar 03°25.61’ N 102°54.38' E
S4 Laut Melai 03°24.69' N 102°54.57 E
S7 Chini River 03°26.41' N 102°54.68 E
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ter were filtered using 47 mm diameter cellu-
lose acetate filter paper with a 0.2-um pore size
(Whatman), before being analyzed.

Fine and coarse mode aerosols

Samples of aerosol were collected using a high-
volume air sampler (HVAS) with a two-stage Cas-
cade Impactor (Staplex) with slotted filter paper
(Westech Instrument) were used to collect coarse
mode aerosols samples (diameter size >1.5 pum)
and backup filter paper (Whatman EPM 2000)
to collect fine mode aerosols samples (diameter
size <1.5 um). In order to remove organic matter,
slotted filter papers and backup filter papers were
packed in aluminum foil and pre-fired at 500°C
in a muffle furnace for 4 h prior to use. The
filter papers were then conditioned in desiccators
for 24 h before being weighed with an electronic
balance and stored in a refrigerator (4°C) until
analysis. The HVAS with prepared filter papers
was placed in an open field to avoid any distur-
bance of material to the flow of aerosols entering
the instrument. The sampling was carried out for
24 h with a flow rate of 1.13 m® min~!. After
the aerosol sampling, the filter papers were once
again carefully packed in aluminum foil and con-
ditioned in a desiccator prior to weighing. Blank
filter papers were treated in the same manner as
the filter paper used to collect aerosol samples.
The filter paper was fitted to the high-volume air
sampler for 24 h without the high-volume sampler
being switched on. To extract the aerosol samples
from the filter paper, 1/4 of filter paper, containing
aerosol particles, was cut into small pieces (1 x
1 cm) with clean scissors and forceps. Approxi-
mately 40 mL of deionised water was measured
into the centrifuge tube with the filter paper and
sonicated for 45 min. The mixed solution was then
filtered through Whatman 0.45 pm GF/C glass
microfiber filters using a vacuum pump (850 Air
Compressor). The resulting filtered solution was
diluted to 100 mL in a volumetric flask and kept at
4°C until analysis (Latif and Brimblecombe 2004).

Surfactant analysis

The principal of the methodology of the sur-
factants analysis is based on the formation of a
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chloroform extractable ion-association complex
between the anionic or cationic surfactants and
cationic (disulfine blue) or anionic (methylene
blue) dyes, followed by spectrophotometric mea-
surement of the intensity of the extracted colored
complex as applied by Chitikela et al. (1995),
Oppo et al. (1999), Latif and Brimblecombe
(2004), Hanif et al. (2009), and Roslan et al.
(2010).

The determination of anionic surfactants such
as methylene blue active substances comprises
two extraction stages. Approximately 20 mL of
the sample solution was put into a 40-mL vial
(vial A) equipped with a screw cap and Teflon
liner. Then 2 mL of alkaline buffer and 1 mL of
neutral methylene blue solution, followed by 5 mL
of chloroform, were added to vial A in that order.
The vial was tightly closed with a holed screw cap
and Teflon liner before being vigorously shaken
for 2 min using a vortex mixer. After shaking,
the vial was left for phase separation. The screw-
cap was loosened to release the pressure inside.
Once the two phases were separated, a Pasteur
pipette was used to transfer the chloroform layer
into a new vial (vial B) that contained 22 mL of
deionised water and 1 mL of acid methylene blue
solution. Vial B was then shaken for 2 min using
a vortex mixer. The cap was loosened for a few
seconds and then re-tightened. Once the chloro-
form had completely separated from the water
(after about 2 min), the chloroform layer was
collected using a Pasteur pipette and put into a 10-
mm quartz cell. The absorbance of the chloroform
phase was measured with an ultraviolet-visible
spectrophotometer at a wavelength of 650 nm.
The lower limit of detection was estimated at
0.05 uM SDS for a blank solution.

Disulphine blue (anionic) dyes were used to de-
termine cationic surfactants. About 20 mL volume
of the sample solution was put into a 40-mL vial
equipped with a screw cap and Teflon liner. First,
2 mL of acetate buffer and 1 mL of disulphine
blue solution were added to the solution. After the
addition of 5 mL of chloroform, the solution was
shaken vigorously for 1 min using a vortex mixer.
The cap was loosened for a few seconds to re-
lease pressure and then re-tightened. The vial was
left for approximately 2 min until the two phases
had completely separated. The chloroform layer

was then removed from the vial using a Pasteur
pipette and placed into a 10-mm quartz cell. The
light absorbance was measured at a wavelength of
628 nm. The lower limit of detection was 0.04 uM
Zephiramine standard solution.

Statistical analysis

All data collected was statistically analysed using
the Student’s Version of Statistical Package for
the Social Sciences. An analysis of variance test
was performed with a 95% confidence among the
concentrations from all the sampling stations after
the data was found to be in normal distribution.

Trajectory analysis

A trajectory diagram of simulations of pollutant
transport in the atmosphere was developed using
the Hybrid-Single Particle Lagrangian Integrated
Trajectory (HYSPLIT) model run on the Re-
altime Environmental Applications and Display
system website (www.arl.noaa.gov/ready.html).
The model calculation method is a hybrid between
a Lagrangian approach for transport calculations
and an Eulerian approach for the dispersion cal-
culations.

Results and discussion
Surfactants in the lake surface microlayer

The concentration of surfactants as MBAS in the
lake surface microlayer was recorded as being
between 0.08 + 0.06 and 0.23 £ 0.25 pmol L™!
while surfactants, such as DBAS, were recorded
at a range of 0.09 % 0.02 to 0.10 #+ 0.03 umol L~!
(Table 3). Both the surfactants MBAS and DBAS
were found in higher quantities in S6 (Laut Jem-
berau), while the lowest level of the surfactants as
MBAS was recorded at S3 (Laut Kenawar). The
lowest surfactants as DBAS were recorded at S1
(Laut Gumum), S4 (Laut Melai), S5 (Laut Batu
Busuk), and S7 (Chini River).

There are significant differences in the level of
MBAS recorded between stations (p < 0.05) but
this is not the case for DBAS. Our early findings
demonstrate that the level of surfactants in the
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Table 3 Concentration of Station Area Concentration
surfactant as MBAS and 1 1
DBAS in lake surface MBAS (umol L™ ) DBAS (umolL™)
microlayer S1(n=15) Laut Gumum 0.11 £ 0.06 0.09 +£0.03

S2 (n =15) Laut Cenahan 0.13 £ 0.06 0.10 £ 0.02

S3 (n=15) Laut Kenawar 0.08 £ 0.06 0.10 = 0.02

S4 (n =15) Laut Melai 0.11 +£0.10 0.09 + 0.01

S5 (n=15) Laut Batu Busuk 0.19 £0.10 0.09 £ 0.02

S6 (n =15) Laut Jemberau 0.23 £0.25 0.10 + 0.03

S7 (n =15) Chini River 0.16 £0.11 0.09 + 0.02

Average 0.15+0.13 0.10 £ 0.02

lake surface microlayer, particularly at S6 (which
is in close proximity to the palm oil plantation)
are significantly related to anthropogenic sources
as a result of soil erosion and the movement of
chemical from the soils.

The concentration of anionic surfactants is far
greater when compared to the concentration of
cationic surfactants. These results correlate with
other findings from previous studies on the con-
centration of surfactants in the environment, thus
indicating the domination of anionic surfactants in
the environment (Latif and Brimblecombe 2004;
Latif et al. 2005; Hanif et al. 2009; Halim et al.
2010; Roslan et al. 2010).

A comparison of the concentration of surfac-
tants from the sea surface microlayer as under-
taken by Roslan et al. (2010) found that the
concentration of MBAS and DBAS taken from
the lake microlayer were within the same con-
centrations of surfactants found in the sea sur-
face microlayer. Based on the results from this
study, it is expected that natural sources, e.g., the
degradation of soil humic substances contribute
to the quantity of surfactants in the lake surface
microlayer. Nevertheless, the amount of other
chemicals, particularly those used in agricultural
activities (for example: pesticides, fertilizers, and

oil palm residues), contribute to the quantity of
organic substances which in turn contain surfac-
tants (Tann 1997). In addition, the quantity of
surfactants in the lake surface microlayer can also
be contributed to the level of detergent used by
those living in the surrounding areas (Hanif et al.
2009).

Surfactants in rainwater

The range of surfactants as MBAS, recorded in
rainwater was given as being between 0.06 £ 0.10
and 0.41 + 0.28 pmol L~!, while surfactants as
DBAS were recorded as being between 0.14 +
0.03 and 0.28 £ 0.21 umol L~ (Table 4). The high-
est concentrations of both surfactants MBAS and
DBAS were recorded at Chini River (S7), while
samples collected at S3 (Laut Kenawar) showed
the lowest concentration of surfactants as MBAS.
Samples collected at S1 (Laut Gumum) and S4
(Laut Melai) showed the lowest concentrations of
the surfactants as DBAS. As surfactants in lake
surface microlayer, there is a significant difference
between surfactants as MBAS in rainwater be-
tween stations (p < 0.05) but this is not the case
for DBAS.

Table 4 Concentration of

Station Area Concentration
surfactant as MBAS and 1 1
DBAS in rainwater MBAS (pmol L) DBAS (pmol L)
S1(n=06) Laut Gumum 0.18 £ 0.20 0.14 £0.03
S2 (n=6) Laut Cenahan 0.11+0.13 0.17 + 0.08
S3 (n=6) Laut Kenawar 0.06 £0.10 0.18 £ 0.10
S4 (n =6) Laut Melai 0.28 + 0.07 0.14 +0.07
S7 (n =6) Chini River 0.41 +£0.28 0.28 +0.21
Average 0.21 +£0.22 0.19+£0.13
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Table 5 Concentration of

Station Particle size Concentration
surfactant as MBAS and 3 3
DBAS in aerosol MBAS (pmol m~) DBAS (pmol m~")
S1(n=2) Coarse (>1.5 pm) 50.92 £ 0.01 51.21 £0.10
Fine (<1.5 um) 81.54 +13.76 30.40 £+ 17.80
Total 132.46 +13.76 81.61 +17.80

The results showed that the concentration of
surfactants in rainwater, for both MBAS and
DBAS, are higher when compared to concen-
trations in the lake surface microlayer (Tables 3
and 4). There is no significant correlation (p >
0.05) between the concentration of surfactants

Fig. 2 Backward
trajectory of wind
direction during
atmospheric aerosols

MBAS and DBAS from the lake surface mi-
crolayer and the concentration of surfactants in
rainwater. The evaporation of organic substances
in the atmosphere from the lake ecosystem con-
tributes to the high amount of surface active mole-
cules entering the atmosphere. These molecules
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interact with atmospheric aerosols and dissolve in
rainwater before being washed out onto the lake
surface. The high evaporation processes and the
interaction of high molecular weight molecules
from humic substances are believed to generate
a high level of surfactants into the atmosphere
from the lake ecosystem (Latif and Brimblecombe
2007; Klavins and Purmalis 2010).

Surfactants in atmospheric aerosols

The concentration of anionic surfactants as MBAS
in atmospheric aerosols (132.46 4 13.76 pmol m~>)
was found to be higher when compared to cationic
surfactants as DBAS (81.60 4+ 17.80 pmol m~;
Table 5). The results showed that the anionic
groups in organic substances are more dominant
in atmospheric surfactants. This is expected to
be due to the presence of organic acids around
Lake Chini and the amount of various types of hu-
mic acids. These findings correspond to the study
previously undertaken by Hanif et al. (2009),
which reported that anionic surfactants found in
the lake ecosystem correlate with humic-like sub-
stances (HULIS) found in soil. This statement is
made based on the comparison of UV/VIS spectra
of aerosol with the spectra of HULIS, whereby
the aerosol extract exhibited similar patterns to
the HULIS spectra as reported in other studies
(Havers et al. 1998). In the natural ecosystem, soil
acts as the main contributor for organic matter
load in the atmosphere (Krivacsy et al. 2008). It
was noted that the humic substances contained
in soil have the potential to generate surfactants
through the process of photo-oxidation (Tegen
and Fung 1995).

Through a comparison of the data on fine mode
and coarse mode aerosols, surfactants as MBAS
were also found to be dominant in fine mode
aerosols, ranging between 71.81 and 91.27 pmol m .
There is a possibility that anthrophogenic acti-
vities, for example, open burning by the local
community and agricultural activities (particularly
those relating to the palm oil industries),
contribute to the load of negatively charged
surfactants in fine mode aerosols. According to
Bascom et al. (1996), aerosol generated from
the combustion process are highly distributed
significantly in a fine mode aerosols. These results

@ Springer

suggest the need for further investigation into
the ability of biomass burning (especially from
the palm oil industries in the Chini area) to
contribute to the quantity of surfactants around
lake ecosystems. The results from the HYSPLIT
Model (Fig. 2) also indicate the possibility of sur-
factants originating from the sea surface micro-
layer as a result of wind direction.

With relation to cationic surfactants, DBAS
was found to be dominant in the coarse mode
aerosols, and ranged between 51.14 and 51.28 pmol
m~3. Cationic surfactants such as DBAS are ex-
pected to originate from soil emissions which con-
tain a high amount of cationic charge due to the
amount of nitrogen substances, e.g., amine fatty
acid and ammonium quartenary as suggested by
Latif (2006). It has been found that the decompo-
sition of plants and insects would convert large or-
ganic nitrogen molecules into water-soluble salts
containing ammonium ions (Miller 1982). In ad-
dition, the use of fertilizers containing ammonium
salts, as used in agricultural activities, is also con-
sidered to be a likely contributing factor to the
high concentration of cationic surfactants.

Conclusion

This study has shown that the concentrations of
anionic surfactants were higher than those of
cationic surfactants across all the sampling sites.
Surfactants, particularly in the anionic form as
MBAS, were found to be at the highest level
at the sampling stations associated with various
natural and anthropogenic sources. The presence
of surfactants in the surface microlayer recorded
sampling stations may be the result of agricultural
activities specifically from palm oil plantations.

The concentrations of surfactants in rainwa-
ter are significantly higher when compared to
those of surfactants in the lake surface microlayer.
Evaporation processes are expected to contribute
small molecules from the surface microlayer to
the atmosphere to form surface active molecules
in atmospheric aerosols. The dissolved surface
active molecules or surfactants are washed out by
rainwater to complete the cycle of surfactants in
the atmosphere.
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Based on the characteristics of surfactants in
atmospheric aerosols, there are indications that
surfactants in this lake ecosystem are generated
from humic-like substances or HULIS. The cycle
and interaction of surfactants in lake ecosystems
are an important focus of research and should be
studied further to determine the effect of surfac-
tants on the solubility and accumulation of organic
and inorganic pollutants in the lake ecosystem.
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