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(Umbrella Plant) in Butuanon River
Charmine I. Ronquillo, Leonila N. Adarna, Josephine M. Castañares*
Chemistry Analytical and EnvironmentaL Section II (ChAnELS II)
Department of Chemistry, University of San Carlos, Cebu City 6000, Philippines

Four sites along the Butuanon River were identified based on the presence of Cyperus
alternifolius L. Composite samples of water, sediments and roots of C. alternifolius L. from
each site were taken for two seasons and analyzed for copper by Flame Atomic
Absorption Spectroscopy (FAAS).
For the dry season, copper in water, sediments and roots of C. alternifolius L. ranged from
0.007-0.016, 101.3-140.7 and 27.36 - 69.17 ppm respectively. For the wet season, copper
in water, sediments and roots ranged from 0.011-0.033, 77.23-96.93 and 27.22-54.18
ppm. Pearson’s r between copper in the roots of C. alternifolius L. and water are 0.86 and
0.82 while for sediments are 0.83 and 0.86 respectively. Bioconcentration factor (BCF =
Curoots /Cuwater ) during the dry and wet seasons ranged from 1750-9881 and 1441-2391
respectively. BCF relative to sediments ranged from 0.258-0.640 and 0.281-0.702 for dry
and wet seasons, respectively.
C. alternifolius L. has the capacity to accumulate certain amounts of copper in its roots to
levels exceeding those amounts present in water but not in the sediment. C. alternifolius L.
has the potential as indicator of copper pollution in the water and sediment.
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INTRODUCTION
Heavy metal (HM) pollution in waterways was
an issue of least concern in the past. Due to
rapid urbanization, industrialization and
technological innovations, this problem was
given utmost attention by various sectors in
society. One of the major waterways affected
by these developments is Butuanon River,
which runs through the emerging cities of
Cebu and Mandaue, in the province of Cebu,

*

Philippines. According to old folks, river
waters were used for many household
activities such bathing, laundering and even
for drinking purposes. Presently however, this
river has become the principal disposal site for
domestic sewage, industrial discharges,
agricultural and farm wastes and even for
defecating purposes. The Department of
Environment and Natural Resources (DENR)
presently classifies this river as Class D water,
intended for direct agricultural irrigation,
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livestock watering and industrial processing
(Nazareno, 2000).
River contamination with a negative health
effect or environmental impact is one of the
prime issues in fast growing cities. In most
cases, water quality regulations and sanitation
infrastructure in these cities are not suitably
designed for unprecedented population
growth and urbanization (Akoto et al., 2008;
Ahmad et al., 2010). Contaminations due to
HMs are notorious for their several healthrelated effects. In the environment, they
usually undergo several transformations due
to dissolution, adsorption and precipitation
(Akcay et al., 2003) which ultimately alter their
nature, behavior and bioavailability (Nicolau et
al., 2006). The physical and chemical
characteristics of sediments and river water
are important factors for understanding the
chemical transformation and movement of
these HMs. The occurrences of enhanced
concentrations of HM especially in water and
sediments may be an indication of human
induced perturbations rather than natural
enrichment through geological weathering
(Binning and Baird, 2001; Eja et al., 2003).
Sediments act as both carrier and sources of
the contaminants in the aquatic environment
(Shuhaimi, 2008). HMs produce their toxicity
by forming complexes with organic
compounds (Perk, 2006). Their bioavailability
and toxicity depend upon its various forms
and amount bound to the sediment matrices
(Chukwujindu et al., 2007).
Copper has been recorded as one of the
metals contaminating Butuanon River
(Mendoza, 1993, Suico, 1997). Its presence in
the environment has attracted considerable
attention and intensive researches (Biggs,
2012; Mayer-Pinto et al., 2010). Increased
concentrations of copper in the environment
may be attributed to activities like mining
(Galiulin et al., 2001; Li and Zhang, 2010),
industrial discharges (Kivaisi, 2001), sewage
sludge disposal, fertilizer and pesticide
applications.
Copper
compounds
are
commonly used for treatment of plant
diseases and preservation of wood, leather and
fabrics. The use of food additives, run-offs
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from swimming pool waters, water supply
systems (Eaton, 2005; WHO, 2004), sidings
and roofs of buildings and various emissions
from automobiles (Davis et al., 2001) are also
sources of copper.
In response to these problems, many
technologies and physico-chemical methods
such as coagulation, sedimentation, flotation,
ionic exchange, reverse osmosis, extraction
and others (Selatnia et al., 2004 and Rosangela
et al., 2007) have been used to minimize
aquatic pollution. The use of aquatic plants
has been investigated for the monitoring and
remediation of heavy metal-polluted water
bodies. Cyperus alternifolius L. has a
susceptibility to accumulate metals such as
copper in wastewaters. It is a grass-like plant
in the very large genus Cyperus of the sedge
family, Cyperaceae. This umbrella plant, as it is
commonly known, is a perennial exotic
species that grows up to 3-5 feet, if given
plenty of water. In riverine sites, the wetter
the root of the umbrella plant, the better is its
survival. The presence of one long-lived
intercalary meristem (IM) of C. alternifolius
produces an elongated internode which makes
it ideal for developmental studies (Fisher,
1970). IMs allow rapid stem elongation, while
those at the base of most grass allow damaged
leaves to rapidly re-grow. The large green
leaves whose edges are sharp to the touch,
taper into slender petioles that form a sheath
around the main stem. Its fibril roots have a
life span of approximately 34.8 days (Wenyin,
et.al, 2007).
The umbrella plant has been regarded as
species that can quickly colonize polluted
waters usually unsuitable for other species to
survive (Soda, et al. 2012; Tang et al. 1999).
The bioaccumulation of considerable amounts
of heavy metals by aquatic macrophytes such
as the umbrella plant, in their tissues has been
reported (Peng et al., 2008; Soda et al., 2012;
Faucon et al., 2012). Uptake of copper from
soil in plants through the roots is a natural and
necessary process that is actively regulated by
the plant (Clemens, 2001). This process is
dependent on the concentration and
bioavailability of copper. Pugh et al., 2002
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reported that the typical level of copper in
plants ranges from 20 to 100 mg/kg and at
this level it is phytotoxic.
The study of Johnson and Hale (2008)
showed changes in trace metal concentration
during root decomposition. The concentration
of copper in root tissues found at lower soil
depths were generally higher than expected
due to reallocation of essential metals. Several
other mechanisms may contribute to heavy
metal tolerance depending on the type of
metal and plant species (Memon et al., 2001,
Mehes-Smith, M., Nkongolo, K., Chowela, E.
2013). During the root life span of C.

alternifolius, there are patterns of metal
distribution within the plant rhizomes that are
most likely a function of physiological
translocation by the plants themselves
(Cardwell, 2002).
This study reports on the capacity of the roots
of C. alternifolius L. to bioconcentrate copper
in the natural conditions of Butuanon River.
Given that the heavy metal contamination
affects the general population within the sites
of Butuanon River, copper concentrations in
samples of water, sediments and roots of
umbrella plant were analyzed to evaluate the
quality of the aquatic environment in this
study area.

Figure 1. Map of Butuanon River with the Four Sampling Stations: Budla-an, Talamban, Cebu City (Station
1); Bacayan, Talamban, Cebu City (Station 2); Pilit II, Canduman, Mandaue City (Station 3); Butuanon
Bridge, Mandaue City (Station 4).
METHODOLOGY

Sampling Sites. The river is situated in the

northern part of Cebu and its main channel is
about 10 kilometres long running through the
mountainous areas of Cebu City, Mandaue
City and finally draining into the Mactan
Channel. Figure 1 shows the four sampling
sites representing upstream, midstream and
downstream of the river. Site 1 is located in
Barangay Budla-an, Talamban Cebu (100
23’34‘’ N, 123052’58 ‘’E, elevation 182 m) and

is described as a site with no industries, grassy,
deforested but with a lot of agricultural
activities. Domestic wastes coupled with
wastes from chicken and pig farms are also
prevalent in this area. Site 2, Bacayan Bridge,
Talamban Cebu (100 23’42‘’ N,123055“7 E,
elevation 45 m), has a quarry and stone
crashing facility, furniture industry and a car
wash station, including a significant number
of informal settlers and a high density housing
subdivision. Site 3, Pilit (110 21′ 31.5″ N, 1230
55′ 35.0″ E), has in the immediate vicinity some
KIMIKA • Volume 25, Number 1, January 2014
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paint and food processing facilities, and finally
Site 4, Butuanon Bridge (100 33.8′ N, 1230 56′
55.1″ E), is characterized as having domestic
and industrial effluents and high density of
informal settlers. Sites 2 and 3 are consistent
with the sites used by Mendoza and Suico
(1995), Muego (2006) and Oquiñena (2012).
Figure 2 shows the four sampling sites
showing the presence of C. alternifolius L. and
their relative population density. Site 1 has a

high density of the umbrella plant on both
sides of the riverbank stretching to about 5
meters, Site 2 has isolated clusters of the plant
in the riverbanks and right in the middle of
the riverbed, while Sites 3-4 have very low
population of the plant. For all four sites, the
plants are either submerged in the water
especially during the wet season or partially
submerged during the dry season.

A

B

C

D

Figure 2. Cyperus alternifolius in Budla-an, Talamban, Cebu City (A); Bacayan, Talamban Cebu City (B);
Pilit II, Mandaue City (C); and Butuanon Bridge, Mandaue City (D).

Reagents

and Instrumentation. All
chemicals and reagents used for analyses were
analytical reagent grade. Concentrated nitric
acid (J.T. Baker Analyzed ACS reagent),
concentrated hydrochloric acid (Univar of
Ajax Fine Chemicals Pty Ltd.), 30% hydrogen
peroxide (Scharlau), Whatmann filter paper
#42 µm were used in the digestion. AASgrade Merck Titrisol copper was used as the
standard solution. For 100-ppm Cu standard
stock solution, an aliquot of 25-mL was taken
from 1000-ppm stock solution, transferred
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into a 250-mL volumetric flask and diluted to
the mark with distilled water. The pH,
dissolved oxygen (DO) and stream flow were
measured using Orion pH meter, Milwaukee
DO meter and OTT for surface water flow
meter (propeller type), respectively. The pH of
the sediments was measured using Kelway
Soil Acidity tester. Moisture determination
was conducted using the Ehret TK 4067
oven. An Intertest Benelux sieve shaker and
ball mill were used for the sediments. The
analyses of total copper were done using the
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AA-3600 Shimadzu Atomic Absorption
Spectrophotometer using air-acetylene flame
at a wavelength of 324.3 nm.

Collection and Analyses of Water,
Sediment and Roots of C. alternifolius.

The collection of water, sediments and plants
was done in May and July 2012 representing
the dry and wet seasons respectively. The water
and sediment samples were collected within the
3m x 3m stretch of the river per station.
Sampling was done to ensure that the sites
contain C. alternifolius L. growing in the river
banks
or
riverbeds.
Physico-chemical
parameters such as pH, dissolved oxygen (DO)
and stream flow were measured immediately
prior to sample collection. Analyses of these
samples for copper were done in triplicates
using External Calibration (EC) and/or
Multiple Standard Addition (MSA).
Water. A total of approximately 20 L prefiltered surface river water was collected by a
small dipper and placed in a clean
polyethylene container. This container was
pre-washed with 10% (v/v) HNO3 and rinsed
thoroughly with distilled water. The water
samples were immediately transported to the
laboratory and filtered using Whatman # 42.
The filtered water sample measuring 500.0 mL
was acidified and evaporated to approximately
10-mL, filtered and transferred to a 100-mL
volumetric flask, diluted to the mark and
labeled as Water Digests (WD). An aliquot of
5.00 mL WD plus varied volumes (0.00-,
25.00-, 50.00-, 75.00- and 100.00-μL) of
standard copper solution was placed in
separate 25-mL volumetric flasks. These
calibration standards were decoded to 0.00-,
0.10-, 0.20-, 0.30-, 0.40-ppm respectively to
represent MSA quantification. External
calibration standards of 0.10-, 0.20-, 0.30-,
0.40-ppm were also prepared. All calibration
standards and WD were subjected to Flame
Atomic Absorption Spectroscopy (FAAS).
Sediments. Surface sediments were collected
using a small shovel, stored in plastic bags and
transported to the laboratory. These
sediments were immediately air-dried for 3-5
days, screened through a sieve shaker at an

aperture of 180-um and homogenized further
by a ball mill for an hour. The air-dried
samples were oven dried and its moisture
content determined. Oven-dried sediment
samples were digested using the method by
US-EPA #3050B. The resulting sediment
digests (SD) were filtered and collected in
100-mL volumetric flasks, diluted to mark and
run in the FAAS together with the freshly
prepared calibration copper standards.
Roots of C. alternifolius L. A whole cluster of
randomly selected C. alternifolius was uprooted
using a 2-ft metal bar previously rinsed with
water. The plant samples were placed in large
plastic bags and transported to the laboratory.
Specimen sample of the umbrella plant (Code
No. 2013-1) was deposited at the Biology
Stockroom of the University of San Carlos,
Cebu City, Philippines. The roots were
separated from the other plant parts and
gently washed with tap water and distilled
water to remove all adhering soil particles.
The roots were air-dried for about 48-72
hours, oven dried and its moisture content
determined. Oven-dried roots were osteorized
using a blender and three replicate samples
were used for digestion (AOAC 16th edition,
Vol 1 Method # 975.03). The resulting root
digests (RD) were analyzed by FAAS coupled
with EC quantification using 0.00-, 0.10-,
0.20-, 0.30- and 0.40-ppm copper standards.
From the equation of the EC and/or MSA
calibration curves and using the appropriate
dilution factors, the concentration of total
copper in the river water, sediment and root
samples were computed.

Limit of Detection and Method
Validation. The Limit of Detection (LOD =

3s) was determined by running the reagent
blank and a 0.20-ppm copper standard 30
times in the FAAS. Percentage recoveries for
water samples were determined and calculated
using Equation 1.

Bioconcentration Factor. Bioconcentration
is a process by which the concentration of a
chemical in an organism becomes higher than
its concentration in the air or water around

KIMIKA • Volume 25, Number 1, January 2014

16

Charmine I. Ronquillo, Leonila N. Adarna, and Josephine M. Castañares

% recovery =
where:

AWD+Cu standard −AWD
ACu standard

(Equation 1)

× 100

AWD+Cu standard = absorbance of WD + Cu standard
AWD = absorbance of WD only
ACu standard = absorbance of Cu standard only

the organism. Although the process is the same
for both natural and manmade chemicals, the
term bio-concentration usually refers to
chemicals foreign to the organism. From the
results of the analysis of the amount of copper
in the water, sediment and roots, the
bioconcentration factor (BCF) was calculated
as the ratio of the trace element (copper)
concentration in the plant tissues at harvest
(mg kg-1 dry-wt) to the concentration of the
element (copper) in the external environment
(Zayed et al. 1998). Thus to solve for BCF in
this study, Equations 2 and 3 are used.
BCF = Curoots/Cuwater

(Equation 2)

BCF = Curoots/Cusediments (Equation 3)

Treatment of Data. Correlation coefficient
using Pearson’s r was calculated to determine
the relationships between (a) Cu in roots and
water and (b) copper in roots and sediments,
in the four sampling stations. The data of the
mean of the replicates and the evaluation of
significance differences among stations,
seasonal variation and by interaction were
processed using multiple analyses of variance
(MANOVA) through Microsoft Excel
Version 2007 and Graph Pad Prism Version
6.0 Free trial version (Graph Pad Software,
Inc. San Diego, California).

RESULTS AND DISCUSSION

The Study Site. Butuanon River is a small

river running through two emerging cities of
Cebu and Mandaue of the Province of Cebu,
Philippines. Four sampling stations were used
to represent the upstream (Station 1),
midstream (Stations 2 and 3) and downstream
(Station 4) regions. Table 1 summarizes the
physico–chemical characteristics of water and
sediments for the dry and wet seasons. During
the dry season, the river water was clear in
Station 1, slightly turbid in Stations 2 and 3
and dark brown to black in Station 4. The
downstream site (Station 4), which is
approaching the mouth of the river showed
zero stream flow and noticeable signs of gas
formation at the surface of the water. This is
attributed to the release of CH4 or H2S gases
arising from anaerobic digestion of organic
matter. During the wet season, waters were all
turbid following a heavy downpour prior to
sampling and actual drizzles on the day of
sample collection. Generally, the sediments
prevalent in Station 1 consisted mostly of
sand, while Stations 2, 3 and 4 were mostly silt
and clay. The pH of the water ranges from
very acidic (2.85) to slightly basic (8.56). Based
on the DAO 34, the pH range of Class D
waters like Butuanon River should range from
6.00-9.00. The results showed that it is within

Table 1. Physico-Chemical Parameters of River Water and Sediments in the Four
Stations.
Sampling
Station
1
2
3
4

Stream Flow
(m/s)
Dry
0.307
0.451
0.109
0.000

Wet
4.82
2.36
4.40
10.68

Water pH
Dry
8.20
7.79
8.37
6.63
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Wet
8.56
8.34
8.48
2.85

Sediment pH
Dry
7.40
7.20
7.00
7.20

Wet
7.55
7.00
6.75
7.00

Dissolved
Oxygen (DO)
(mg/L)
Dry
Wet
5.20
7.73
4.35
7.60
2.15
7.30
0.00
5.60
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the DENR standard value, except for Station
4 (pH = 2.85) during the wet season. The high
pH values were attributed to sewage water
discharges from the surrounding areas (Malik
et al. 2010), while the low pH can be a result
of the decay of both domestic and industrial
waste litter in the downstream site. The pH of
the sediments ranges from neutral to very
slightly basic values except for Station 3 (pH
= 6.75) during the wet season. DO in the
upstream site is high (10.68 mg/L) due to
turbulent water flow. Turbulence causes
aeration of the waters, consequently, a rapid
uptake of oxygen is also expected.
Interestingly, during the dry season, the
downstream site registered a very low DO,
(ca. 0.00 ppm) and significant amount of
solids are evident causing a very slow stream
flow. The DO reading in this site is similar to
the results of Abowei (2010) who reported
that at high temperature, typical during a dry
season, the solubility of oxygen decreases.

Notably, this site approaches the mouth of the
river which happens to drain eventually into
the Mactan Channel.

Chemical Analyses of River
Sediments and Root Samples.

Water,

Dry Season. The concentration of copper in
water, sediments and plant roots are shown in
Figure 3 for the dry and wet seasons
respectively. The concentration of copper in
the river water is extremely low compared to
that in the sediments and roots. This means
that the water is relatively clean and the
sediments are the repositories of these metal
contaminants (Horsfall and Spiff, 1999). Table
2 shows the actual concentration of copper in
the water for both seasons. The high amount
of copper in water for Station 3 during the dry
season can be attributed to upstream
discharges of untreated domestic and
industrial wastewaters.

160

Cu Concentration (ppm)

140
120
100
80
Water
60
40

Sediment

Roots

20
0

Figure 3. Copper in River Water, Sediments and Roots of C. alternifolius L. in the Four Stations during the
Dry and Wet Seasons.

Potential sources of copper like electrical
wirings, electroplating wastes, plumbing pipes,
industrial chemicals, dyes, paints and
pharmaceutical
wastes
are
potentially
transported by the river flow. A dilution effect
might bring about low levels of copper in

Station 4 due to its downstream topography.
These copper levels in water during the dry
season also showed comparable results from
the study of Oquiñena (2012). All sampling
stations do not exceed the standard of 0.05
mg/L copper for Class D waters.
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Table 2. Copper in River Water for the Dry and Wet Seasons in the Four Stations.
Sampling Station
1
2
3
4

Copper (ppm) in River Water
Dry Season
Wet Season
0.007 ± 0.000
0.011 ± 0.002
0.006 ± 0.001
0.033 ± 0.007
0.016 ± 0.013
0.021 ± 0.006
0.007 ± 0.001
0.016 ± 0.006

On the other hand, Figure 3 also shows that
Stations 1, 2 and 3 have roughly the same
amount of copper in the sediments during the
dry season. However, the copper content
found in the roots of C. alternifolius L.
collected from Station 1 was slightly higher
than Stations 2 and 3, presumably due to the
application of copper-based pesticides in
mango plantations. Copper in runoffs
resulting from natural weathering or released
from disturbed soils contribute 68% of
copper
release
in
the
waterways
(Georgopoulos et al., 2001). Station 4 which is
a downstream site and approaching the mouth
of the river is characterized with silt and clay
sediments. These two types of sediments
inherently have a high tendency of absorbing
metals (Mohiuddin, et al., 2012). This would
explain the high levels of copper content in
this area. This result is comparable to the
results of Chiu-Wen Chen et al (2012) who
reported that copper concentration in
sediments is relatively high in the mouth of
the Salt River and gradually diminishes toward
the harbour region. Chiu-Wen Chen et al.,
(2012) also concluded that the upstream
industrial and municipal wastewater discharges
along the river bank are the major sources of
copper pollution. According to the
Philippines’ DENR and Kloke, 1980
conservative and maximum tolerable levels of
copper in sediments are 20-ppm and 100-ppm
respectively. All sampling stations exceeded
the maximum tolerable level for copper in
sediments.
In contrast, the level of copper in roots of C.
alternifolius showed significant differences in all
sites. During the dry season, the level of
copper in Station 1 is high, considering that
this site has no industrial activities and no
visible signs of informal settlers. This implies
KIMIKA • Volume 25, Number 1, January 2014

that copper is primarily contributed by runoffs
from agricultural activities. The popular
concept of industrial discharges being the
primary source of all pollution is misguided
because virtually every form of human activity
is a potential source of pollution (Reeve,
2002). Station 3 has low levels of copper for
the reason that the plant sample was not
directly exposed to the river water.
Wet Season. Station 2 registers a high
concentration of copper in water during the
wet season as shown in Table 2. Mainly
domestic activities and a car wash station were
observed in this site. However, recent
anthropogenic activities such as treating of
wood furniture using copper-based pesticides
were evident and there is a strong link that this
activity is the source of the elevated levels of
copper in this area. In addition, copper from
storm water runoff originating from the sidings
and roofs of building, various emissions from
automobiles and depositional processes also
contribute to the level of metal in this area
(Davis, et al., 2001). Furthermore, with a basic
pH in this site, the copper complexes are
formed and predominate in aerated natural
waters and these are slightly soluble in water
(Zuehlke and Kester, 1983). In the study of
Gaur (2005) high concentrations of metals, like
copper, were detected in water in the rainy
season compared to the summer season.
According to his report, this is because during
the rainy season, runoff from open
contaminated sites, agricultural field and
industries directly comes into the river without
any treatment. Station 1 has low levels of
copper due to heavy downpour of rain which
washed away the waters to the lower zone of
the river. Copper levels detected during the wet
season were roughly two to six times greater
compared to the dry season.
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In contrast, Stations 2 and 4 during the wet
season have roughly the same amount of
copper in sediments but slightly lower than
Stations 1 and 3. Silt and clay sediments have
an effect on the solubility, distribution and
bioavailability of copper in the environment.
The turbulence caused by heavy rainfall
guaranteed that there is more uptake of
oxygen, formation of precipitates arising from
formation of copper complexes. These
complexes may settle in the sediments but
because of the heavy rains there is subsequent
dissolution. Station 1 however was higher
because of the anthropogenic activity such as
treatment of agricultural land with copperbased pesticides. In general, the concentration
of copper in sediments are very much higher
(20,000 x) than those in water. This manifests
the accumulated contamination in the river
sediments over the years. The result showed
contrast to the study of Peng (2008) who
found increase in the copper concentration in
waters than in the sediments. This reveals that
copper is mostly organic in this study and that
of Peng (2008) is mostly inorganic in nature.
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Correlation using Pearson’s r between copper
in (a) roots and water and (b) roots and
sediments are shown in Figure 4 (A-D)
respectively. There is a positive relationship
between the copper in the roots of C.
Cu in Plant (ppm)

0.0500

Relationships of Copper Concentration in
the Roots, Water and Sediments.
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The concentration of copper in the roots from
Stations 2 and 4 were almost twice of those

found in Stations 1 and 3. The roots collected
from Stations 1 and 3 were entirely exposed to
the overflowing water caused by heavy rainfall.
This suggests a dilution of the copper content
in this area. Copper in the roots of C.
alternifolius L. in the downstream region is
considerably higher than the upstream region
during the wet season. The results showed that
C. alternifolius can concentrate certain amount
of copper in their roots to levels exceeding
those present in water but not in sediment
(Zayed et al., 1998: Sinha, 1999; Qian et al.,
1999). According to Galiulin (2001), plants that
are completely submerged in water
accumulated more metals than floating and
partially submerged plants. This confirms the
role of the contact area between the plant and
the aqueous environment. Varying soil
characteristics can influence the uptake of
copper by the roots of plants (Lepp, 1981).
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Figure 4. Copper concentration in the roots with respect to the water during the wet (A) and dry (B) seasons;
with respect to the sediment during the wet (C) and dry (D) seasons.
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alternifolius L. with those in the water (r2= 0.87
and 0.82) and sediment (r2 = 0.83 and 0.86).
These results show the combined effects of
the environmental pollution from water and
sediment in the river. These results were also
comparable to the study of Bonanno (2010)
who reported a Pearson’s r of 0.76 and 0.81
for copper in the roots of Phragmites australis
with respect to water and copper in the roots
of Phragmites australis with respect to the
sediments, respectively.
The relatively high correlation suggests that
Cyperus alternifolius L. can be regarded as
indicator of metal pollution of the water body
and sediments. It can also be employed as
biomonitors
to
provide
quantitative
assessment of the Butuanon River. The use of
biomonitors that are living and growing in a
given area could yield valuable information
not only on the presence of anthropogenic
stressors, but more importantly, on the
adverse impact the stressors are having on the
environment (Wang et al., 1997; Chang et al.,
2009; Ngayila et al., 2009).

Bioconcentration Factor for Roots of C.
alternifolius L. The bioconcentration factors
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Figure 5B shows the low BCF values for
copper in plant with respect to the sediments
for both seasons. Clay and silt are lighter
compared to sandy sediments; in effect metals
can easily diffuse along the whole stretch of
the river. This type of sediment has a high
affinity to absorb more metals, but because of
the fast turbulent river water, sediments are
rapidly displaced from one site to another site.
The BCF values of the roots of C. alternifolius
L. for copper with respect to sediments were
exceptionally low but comparable to the study
of Yoon (2006) using Cyperus esculentus L. The
BCF value for copper with respect to
sediment is 0.4800 to 0.5000 (Yoon, 2006) and
the study of Ashraf (2011) on Cyperus rotondus
L. reported a BCF value for copper with
respect to sediments of 0.5623. The low BCF
values of the roots C. alternifolius with respect
0.8000
0.6000

BCF

BCF

(BCF) are shown in Figures 5A and 5B for
both sampling seasons and for the copper in
roots with respect to the water and sediments.
Figure 5A presents a high BCF for copper in
the roots with respect to water during the dry
season. This may be attributed to the low
stream flow during this season which
enhances
the
process
of
natural
bioconcentration of the copper metal in the
roots of the plant. The BCF values are within
the bioaccumulation endpoint set by the U.S

EPA (1976) which is within the range of 1000
to 5000. During the wet season, the BCF is
low which may be attributed to the fast and
turbulent flow of the river water. The results
showed that C. alternifolius can bioconcentrate
high amounts of copper on its roots. The
highest amount that it can bioconcentrate is
ca. 70-ppm. The copper accumulated in its
roots exceeds those present in water but not
in the sediment suggesting that the main
biosorption/accumulation of the metal by the
Cyperus alternifolius is through the water. The
BCF of this plant reaches as high as 9881 and
is slightly higher than the study of Soda et al
(2012) done in constructed wetlands. Based
on the study of Ali et.al, (2002) the BCF of
copper in roots of Phragmites australis ranged
from 612 to 1592 while in the roots of Zea
maize, BCF ranges from 349 to 1931.
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Figure 5. BCF Cu in plant and Cu in water (A); BCF Cu in plant and Cu in sediments (B). Blue bars
correspond to the dry season while red bars correspond to the wet season.
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to the sediments may be attributed to the fact
that at slightly basic soil pH (Table 1), the
bioavailable fractions of copper in the
sediment is less accessible for plant uptake
(Cardwell, 2002).
Accumulation of copper in plants including C.
alternifolius L. are oftentimes reported to be
predominant in the roots (Tang et al., 1999;
Cheng et al., 2002 ; Soda et al., 2012 ; Farrag
et al., 2012). Consequently, an accurate
estimate of the metal content in the plant’s
environment is best reflected by the amount
of metal detected in the roots. Cheng et al
(2002) reported that the amount of copper
and other heavy metals accumulated by
Cyperus alternifolius L. in a constructed wetland,
occurred in the following rank: highest in
lateral roots, main roots, rhizomes, leaves and
lowest in shoots. The roots accumulated 466
mg/kg of copper and were considerably
higher in the roots than in the shoots. These
findings revealed that the mobility of different
metals was less within the umbrella plant as
shown by its translocation factor (TF) < 1.0.
In a study by Pugh et al (2002), 20-100 mg/kg
of the metal in a plant (leaves) is a level that is
considered phytotoxic.
Baker and Brooks (1989) as cited by Mokhtar
et al (2011) reported that hyper accumulation
of heavy metals is said to occur when the
plants are able to accumulate more than 1000
mg/L of the heavy metals into the plant
system, either accumulating in the roots or
shoots. A number of plants have been shown
to accumulate metals in their shoots and show
an exceptionally high tolerance to them while
showing phytotoxic effects to others (Pandey,
2006; Akinola and Ekiyoyo, 2006). Thlaspi
caerulescens is a hyper accumulator of Cd and
Zn but is very sensitive to toxic
concentrations of Cu (Lombi et al., 2001). On
the other hand, Nazir et al (2011) reported
that 88% of the plant samples they studied
showed that copper concentration were
greater in the roots than those in the shoots,
indicating low mobility of copper from the
roots to the shoots, and hence immobilization
of copper in the roots. Farrag et al., 2012
reported that the TF of 9 metals including

copper in C. articulatus was found to be less
than 1 for all metals, confirming the
significance of below-ground biomass (roots)
as a more effective heavy metal accumulator
than the above ground biomass (stems and
leaves).
A recent study reported by Ahmadpour et al
(2014) reported that copper concentration
among plant parts of Jatropha curcas were in the
following trend; roots> stems> leaves.
Although copper accumulation by the plant
did not reach the criteria of copper hyper
accumulators, this species showed a potential
to be used in phytostabilization (reduction of
metal mobility) of mildly copper contaminated
areas. However the plant cannot be used for
phytoextraction of copper contaminated soils.
In order for the plant to be used for
phytoextraction, it has to be confirmed to be a
hyperaccumulator (Terry and Banuelos, 2000).
Van der Ent et al (2013) redefined the term
hyperaccumulation and reported that in order
for a plant to be a hyperaccumulator, the
presence of high concentration of copper in
the foliage (leaves) should be considered
diagnostic of hyperaccumulation. Hence, high
concentrations of copper in the roots or
shoots are not a gauge for considering the
plant as hyperaccumulator. In his study, Van
der Ent et al (2013) proposed a threshold
concentration of 300 µg/g (mg/kg) for
copper, although at the moment, there has
been no confirmed report of any plant to be
hyperaccumulator of copper.
In the light of these studies, C. alternifolius L. is
not considered a hyperaccumulator according
to the definition of Van der Ent et al (2013).
Root bioconcentration of copper (ca 70
mg/kg) in field conditions of Butuanon River
is reported and although Cheng et al (2002)
reported 466 mg/kg of copper in the roots of
umbrella plant in a constructed wetland, this
paper has not confirmed that this amount will
also be possible under field conditions. A
continuing study is in progress and the results
will be reported elsewhere. The umbrella plant
however has shown potential as indicator of
copper pollution in river water and sediments
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and may also be
phytostabilization.

used

for

possible

Limit of Detection, Method Validation
and Statistical Evaluation of Data. The

Limit of Detection (LOD = 3s) is 0.006 while
recovery tests for water ranged from 107 - 112
%. The analysis between stations, seasons and
interaction was interpreted using MANOVA
through Microsoft Excel/ GraphPad v 6.0.
Table 3 shows the statistical analysis of the

results of the chemical analyses of the roots,
water and sediments collected from Butuanon
River. The p values show significant difference
for water for season, location and interaction.
There is significant difference for sediments
based on season and interaction while there
was no significant difference for location (p =
0.054). The results of the roots of C.
alternifolius L. show no significant difference by
season (p = 0.121) while there was significant
difference for location and interaction.

Table 3. Summary of the Statistical Data for Water, Sediments and Roots.
Matrix
Water

Sediments

Roots of Plant

Factor
Season
Location
Interaction
Season
Location
Interaction
Season
Location
Interaction

CONCLUSION
The level of copper in the river water is below
the criteria set by DENR which is 0.05 ppm
while that in sediments exceeded the
conservative limit of 20-ppm and beyond the
maximum tolerable limit of 100-ppm (DENR)
for both seasons. There is no significant
difference in the copper concentrations of the
sediments which implies that the sediments
have accumulated the maximum amount of
copper it can contain over the years. The
aquatic plant Cyperus alternifolius L. has the
capacity to bioconcentrate relatively high
amounts of copper in its roots, ca.70 mg/kg,
to levels exceeding those present in water but
not in the sediment. This suggests that the
main biosorption/accumulation of the metal
by the Cyperus alternifolius L. is through the
water. The capacity of Cyperus alternifolius L. to
accumulate copper is not affected by the
season. It can be used as indicator of copper
pollution in river water and sediment.
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p value

(p critical=0.05)
0.0002
0.0173
0.0096
<0.0001
0.054
0.0069
0.121
0.0004
<0.0001

Significance
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes

Further studies involving an extended period
beyond wet and dry seasons under Philippine
conditions are in progress. Copper levels in
the
rhizomes,
sources
of
copper
contamination in these sites and speciation of
copper are planned in the next study and will
be reported elsewhere.
ACKNOWLEDGEMENTS
The authors would like to express their
sincere gratitude to the support provided by
various sectors of the University of San Carlos
for the assistance in the Butuanon River
sampling and chemical analysis; M.D.
Piandong, E.S. Ginete, L.M.G. Villegas, R.C.
Cañete, R.N. Almirante, J.R. Quitayen, C.U.
Padayhag, and R. Dimataga of the Chemistry
Analytical and EnvironmentaL Section
(ChAnELS II) of the Department of
Chemistry, Office of Research for the
financial support of this Research Program
(Air and River Calls) through the Research
Operational Mechanism (ROMe), Water
Laboratory for the technical assistance in the

Bioconcentration of Copper in Cyperus alternifolius L. (Umbrella Plant) in Butuanon River…23

FAAS analysis, Water Resources Center for
transportation, Departments of Biology,
Chemical Engineering and Chemistry for their
soil tester, sieve tester and chemicals
respectively. The technical expertise of
Professors Neriza C. Arche and Paul
Geraldino, faculty of the Department of
Biology, is highly acknowledged. The support
from the Commission of Higher Education
(CHED) during the KIMKA writing
workshop in Dumaguete City 2013 is also
gratefully acknowledged.
REFERENCES
Abowei JFN. The condition factor, lengthweight relationship and abundance of Llisha
Africana from Nkoro River, Niger Delta,
Nigeria. Advance J Food Sci Techn. 2010;
2(1):16-21.
Ahmad MK, Islam S, Rahman S, Haque MR,
Islam MM. Heavy metals in water, sediment
and fishes of Buringanga river Bangladesh. Int
J Environ Res. 2010; 4(2):321-332.
Ahmadpour P, Soleimani M, Ahmadpour F,
Abdu
A.
Evaluation
of
copper
bioaccumulation and translocation in Jatropha
curcas Grown in a Contaminated Soil. Int J
Phytoremediat. 2014; 16(5):454-468.
Akcay H, Oguz A, Karapire C. Study of heavy
metal pollution and speciation in Buyak
Menderes and Gediz river sediments. Water
Res. 2003; 37:813-822.
Akinola MO, Ekiyoyo TA. Accumulation of
lead, cadmium and chromium in some plants
cultivated along the bank of river Ribila at
Odonla area of Ikorodu, Lagos state, Nigeria.
J Environ Biol. 2006; 27:597-599.
Akoto O, Bruce TN, Darko G. Heavy metals
pollution profiles in streams serving the
Owabi Reservoir. Afr J Environ Sci Tech.
2008; 2(11).
Ali N, Bernal M, Ater M. Tolerance and
bioaccumulation of copper in Phragmites
australis and zea mays. Plant Soil. 2002;
239:103-111.

Ashraf MA, Maah MJ, Yusoff I. Heavy metals
accumulation in plants growing in ex tin
mining catchment. Int J Environ Sci Tech.
2011; 8(2):401-416.
Baker AJM, Brooks RR. Terrestrial higher
plants which hyperaccumulate metallic
elements-A review of their distribution,
ecology and phytochemistry. Biorecovery.
1989; 1:81-126.
Biggs TW, D’Anna H. Rapid increase in
copper concentrations in a new marina, San
Diego Bay. Mar Pollut Bull. 2012; 64:627-635.
Binning K, Baird D. Survey of heavy metals in
the sediments of the Swartkops River Estuary,
Port Elizabeth South Africa. Water SA. 2001;
27(4):461-466.
Bonanno G, Giudice RI. Heavy metal
bioaccumulation by the organs of Phragmites
australis (common reed) and their potential
use as contamination indicators. Ecol Indic.
2010; 10:639-645.
Cardwell AJ, Hawker DW, Greenway, M.
Metal accumulation in aquatic macrophytes
from southeast Queensland, Australia.
Chemosphere. 2002; 48:653–663.
Chang JS, Yoon IH, Kim KW. Heavy metal
and arsenic accumulating fern species as
potential ecological indicators in Ascontaminated abandoned mines. Ecol Indic.
2009; 9:1275-1279.
Cheng S, Grosse W, Karrenbrock F,
Thoennessen M. Efficiency of constructed
wetlands in decontamination of water by
heavy metals. Ecol Eng. 2002;18:317-325.
Chen CW, Chen CF, Dong CD. Copper
Contamination in the Sediments of Salt River
Mouth, Taiwan. Energy Procedia. 2012;
16(B):901-906.
Chukwujindu MA, Godwin EN, Francis OA.
Assessment of contamination by heavy metals
in sediment of Ase-River, Niger Delta,
Nigeria. Res J Environ Sci. 2007; 1:220-228.

KIMIKA • Volume 25, Number 1, January 2014

24

Charmine I. Ronquillo, Leonila N. Adarna, and Josephine M. Castañares

Clemens S. Molecular mechanisms of plant
metal tolerance and homeostasis.Planta. 2001;
212:475-486.
Davis AP, Shokouhian MS. Loading estimates
of lead, copper cadmium and zinc in urban
runoff from specific sources. Chemosphere.
2001; 44:997-1009.
Eaton AD, Clesceri LS, Rice EW, Greenberg
AE. Standard Methods for the Examination
of Water and Wastewater, 21st ed. 2005.
Eja ME, Ogri OR, Arikpo GE.
Bioconcentration of Heavy Metals in Surface
Sediments from the Great Kwa River Estuary,
Calabar, Southeastern Nigeria. J Nig Environ
Soc. 2003; 1:247-256.
Environmental
Management
Bureau,
Department of Environment and Natural
Resources. Administrative Order No.34
(Series of 1990).
Farrag HF, Fawzy M. Phytoremediation
Potentiality of Cyperus articulatus L. Life Sci
J. 2012; 9(4):4032-4040.
Faucon MP, Chipeng F, Verbruggen N, Mahy
G, Colinet G, Shutcha M, et. al. Copper
tolerance and accumulation in two
cuprophytes of South Central Africa:
Crepidorhopalon perennis and C. tenuis
(Linderniaceae). Environ Exp Bot. 2012;
84:11-16 (2012).
Fisher JB. Xylem derived from the intercalary
meristem of Cyperus alternifolius. JSTOR.
1970; 97:58-66.
Galiulin RV, Bashkin VN, Galiulina RR, Birch
P. A critical review: protection form pollution
by heavy metals phytoremediation of
industrial wastewater. Land Contam Reclamat.
2001; 9(4):1-10.
Gaur VK, Gupta SK, Pandey SD, Gopal K,
Misra V. Distribution of heavy metals in
sediment and water of river Gomti. Environ
Monit Assess. 2005; 10:419-433(2005).

KIMIKA • Volume 25, Number 1, January 2014

Georgopoulos PG, Roy A, Yonone-Lioy MJ,
Opiekun RE, Lioy PJ. Copper: Environmental
Dynamics and Human Exposure Issues.
Cranford, New Jersey: Environmental and
Occupational Health Sciences Institute
(EOHSI); 2001. p. 100-215.
Horsfall M, Horsfall MN, Spiff AI. Speciation
of heavy metals in inter-tidal sediments of the
Okrika River system, Rivers State, Nigeria.
Bulletin of the Chemical Society of Ethiopia.
1999; 13(1):1-9.
Johnson D,
Hale
B.
Fine
Root
Decomposition and Cycling of Cu, Ni, Pb,
and Zn at Forest Sites Near Smelters in
Sudbury, ON, and Rouyn-Noranda, QU,
Canada. Hum Ecol Risk Assess. 2008;
14(1):41-53.
Karbassi AR, Monavari SM, Nabi-Bidhendi
GR, Nouri J, Nematpour K. Metal pollution
assessment of sediment and water in the Shur
River. Environ Monitor Assess. 2008;
147(2):107-116.
Kivaisi AK. The potential for constructed
wetlands for wastewater treatment and reuse
in developing countries: A review. Ecol Eng.
2001; 16:545-560.
Kloke A. Richwerte ‘80, Orientierungsdaten
für tolerierbare Gesamtgehalte einiger
Elemente in Kulturböden, Darmstadt:
VDLUFA; 1980. p. 9-11.
Lepp NW, Dickinson NM. Long term
Accumulation Patterns of Copper in Different
aged Coffea arabica Stands. Proceedings of the
3rd International Conference on Environmental
Contamination; 1998; Venice. p. 67-69.
Li S, Zhang Q. Spatial characterization of
dissolved trace elements and heavy metals in
the upper Han River (China) using
multivariate statistical techniques. J Hazard
Mater. 2010; 176:579-588.
Lombi E, Zhao FJ, Dunham SJ, McGrath SP.
Phytoremediation
of
heavy
metalcontaminated
soils:
Natural
hyperaccumulation
versus
chemically

Bioconcentration of Copper in Cyperus alternifolius L. (Umbrella Plant) in Butuanon River…25

enhanced phytoextraction. J Environ Qual.
2001; 30:1919-1926.
Malik N, Biswas AK, Qureshi TA, Borana K,
Virha R. Bioaccumulation of heavy metals in
fish tissues of a freshwater lake of Bhopal.
Environ Monit Assess. 2010; 160:267.
Mayer-Pinto M, Underwood AJ, Tolhurst T,
Coleman RA. Effects of metals on aquatic
assemblages. J Exp Mar Biol Ecol. 2010;
391:1-9.
Mehes-Smith M. Nkongolo K, Chowela E.
Coping Mechanisms of Plants to Metal
Contaminated Soil. InTech. 2013. Available
from: http://www.intechopen.com/books/
environmental-change-and-sustainability/
coping-mechanisms-of-plants-to-metalcontaminated-soil.
Memon AR, Aktoprakligil D, Özdemir A,
Vertii A. Heavy metal accumulation and
detoxification mechanisms in plants. Turk J
Bot. 2001; 25:111-121.
Mendoza CS, Suico ML. Trace metal
concentrations in four selected rivers of Metro
Cebu, Philippines: A baseline study. In:
Proceedings of the Southwatch ’95
Conference; 1995; University of San Carlos,
Cebu City. p. 79-94.
Mendoza C. Trace Metal Pollution in Selected
Rivers of Metro Cebu, Philippines [master’s
thesis]. Cebu City: University of San Carlos; 1993.
Mohiuddin KM, Otomo K,Ogawa Y,
Shikazono N. Seasonal and spatial distribution
of trace element in water and sediments of the
Tsurumi River Japan. Environ Monitor
Assess. 2012; 184(1):265-279
Mokhtar H, Morad N, Fizani F, Fizri A.
Hyperaccumulation of copper by two species
of aquatic plants. International Conference on
Environment Science and Engineering; 2011.
Singapore: IACSIT Press, vol. 4.
Muego A., Butuanon River Rehabilitation: A
Test Case for the Clean Water Act
Implementation in Metro Cebu, Philippines.

Regional Conference on Urban Water and
Sanitation in Southeast Asian Cities; 2006;
Vientiane, Lao PDR. p. 313-328.
Nazir AR, Malik RN, Ajaib M, Khan N,
Siddiqui,FM. Hyperaccumulators of heavy
metals of industrial areas of islamabad and
Rawalpindi. Pak J Bot. 2011; 43(4):1925-1933.
Nazareno PAG. An assessment of the water
quality of Butuanon River in Mandaue City,
Cebu. J Nat Sci. 2000; 5:8796.
Nicolau R. Galera CA, Lucas Y. Transfer of
nutrients and labile metals from the continent
to the sea by a small Mediterranean river.
Chemosphere. 2006; 63(3):469-476.
Ngayila N, Botineau M, Baudu M, Basly JP.
Myriophyllum alterniflorum DC.Effect of low
concentrations of copper and cadmium on
somatic and photosynthetic endpoints: a
chemometric approach. Ecol Indic. 2009;
9:307-312.
Official Methods of Analysis. Association of
Official Analytical Chemists (AOAC 16th
edition, Volume 1 Method # 975.03).
Pandey SN. Accumulation of heavy metals
(Cd, Cr, Cu, Ni and Zn) in Raphanus sativus
L. and spinacia oleracea L. plants irrigated
with industrial effluent. J Environ Biol. 2006;
27:381-384.
van der Perk M. Soil and Water
Contamination. London: Taylor and Francis
Group plc; 2006. p. 28-32.
Peng K, Luo C, Lou C, Li X, Shen Z.
Bioaccumulation of heavy metals by the
aquatic plants Potamogetonpectinatus L. and
PotamogetonmalaianusMiq.
and
their
potential use for contamination indicators and
in wastewater treatment. Sci Tot Environ.
2008; 392:22-29.
Pugh RE, Dick DG, Fredeen AL. Heavy
metal (Pb, Zn, Cd, Fe and Cu) contents of
plant foliage near Anvil range Pb/ Zn mine
Faro, Yukon territory. Ecotox Environ Safe.
2002; 52:273-279.

KIMIKA • Volume 25, Number 1, January 2014

26

Charmine I. Ronquillo, Leonila N. Adarna, and Josephine M. Castañares

Qian JH, Zayed A, Zhu YL, Yu M, Terry N.
Phytoaccumulation of trace elements by
wetland plants; III. uptake and accumulation
of ten trace elements by twelve plant species. J
Environ Qual. 1999; 28:1448-1455.

Tang S, Wilke B, Huang C. The uptake of
copper by plants dominantly growing on
copper mining spoils along Yangtze river,
People’s Republic of China. Plant Soil, 1999;
209:225-232.

Oquiñena MK. Copper, lead and zinc
accumulation in catfish and earthworm from
the butuanon River, Metro Cebu, Philippines
[master’s thesis]. Cebu City; University of San
Carlos;2012.

Terry N, Bañuelos G. Phytoremediation of
contaminated soil and water. New York; CRC
Press LLC; 2000.

Reeve R. Introduction to Environmental
Analysis. Chichester, England: John Wiley &
Sons, Ltd; 2002.
Rosângela AJ, Eder CL, Silvio LPD, Ana CM,
Flávio AP. Yellow passion-fruit shell as
biosorbent to remove Cr(III) and Pb(II) from
aqueous solution. Sep Purif Technol. 2007;
57:193-198.
Sinha S, Saxena R, Singh S. Comparative studies
on accumulation of Cr from metal solution and
tannery effluent under repeated metal exposure
by aquatic plants: Its toxic effects. Environ
Monitor Assess. 2002; 80:17-31.
Shuhaimi MO. Metals concentration in the
sediments of Richard Lake, Sudbury Canada
and sediment Toxicity in an Ampipod Hyalella
azteca. J Environ Sci Technol. 2008; 1:34-41.
Selatnia A, Bakhti MZ, Madani A, Kertous L,.
Mansouri Y. Biosorption de Cd2+ from
aqueous solution by a NaOH-treated bacterial
dead
Streptomyces
rimosus
biomass.
Hydrometallurgy. 2004; 75:11-24.
Soda S, Hamada T, Yamaoka Y, Ike M,
Nakazato H, Saeki Y, et. al. Constructed
wetlands for advanced treatment of
wastewater with a complex matrix from a
metal-processing plant: bioconcentration and
translocation factors of various metals in
Acorus gramineus and Cyperus alternifolius.
Ecol Eng. 2012; 39:63-70.
Suico ML. Chemical speciation of copper,
chromium, zinc and lead in sediments in the
butuanon river, Cebu [master’s thesis]. Cebu
City; University of San Carlos; 1997.

KIMIKA • Volume 25, Number 1, January 2014

United States Environmental Protection
Agency. Acid Digestion of sediments sludge
and soils. EPA method 3050B.
Van der Ent A, Baker AJM, Reeves RD,
Pollard J, Schat H. Hyperaccumulators of
metal and metalloids trace elements: Facts and
Fiction. Plant Soil. 2013; 362:319-334.
Wang W, Gorsuch JW, Hughes JS. Plants for
Environmental Studies. New York: CRC
Press; 1997. p. 563.
Wenyin C, Zhanghe C, Qifan H, Xiaoyan W,
Ciarong W, Dafeng L. Root growth of
wetland plants with different root types. Acta
Ecol Sin. 2007; 27(2):450-458.
WHO, 2004. Guidelines for Drinking Water
Quality, 3rd edition. World Health
Organization, Geneva.
Yoon J, Cao X, Zhou Q, Ma LQ.
Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida site.
Sci Tot Environ. 2006; 368(23):456-464.
Zayed A, Gowthaman S, Terry N.
Phytoaccumulation of trace elements by
wetland plants: I. Duckweed. J Environ Qual.
1998; 27:715-721.
Zhang H, Cui B, Xiao R, Zhao H. Heavy metals
in water, soils and plants in riparian wetlands in
the Pearl River Estuary, South China. Int Soc
Enivron Inf Sci. 2010; 2:1344-1354.
Zuehlke RW, Kester DR. Ultraviolet
spectroscopic determination of the stability
constants for copper carbonate and
bicarbonate complexes up to ionic strength of
salts. Mar Chem. 1983; 13(3):203-226.

