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Abstract: Humic acid (HA) is a pollutant formed in aquatic environment. Water hyacinth (WH) is a common aquatic 
plant in tropical regions and easily grows in heavily polluted water. The objective of this work is to investigate 
the capability of WH to remove HA from aquatic environment and its effects on pH, chlorophyll (Chl) content 
and degradation. The absorbtion was measured using UV-Vis spectroscopy. WH was grown in various media such 
as distilled water (DW), river water (RW) and HA solution with different concentrations, from 12 to 60 ppm. 
The absorbtion of two wavelengths, 250 and 275 nm of each sample medium were recorded after 1, 3, 5 and 8 
days of exposure. The difference in concentration between control and treated media was found to be significant 
(p < 0.05). The study shows that WH can absorb HA from aquatic environment and help to maintain the stable 
condition of their aquatic environment. HA helps in increasing the concentration of Chl-a, Chl-b and total Chl 
of WH leaves. HA have more effect on Chl-b. Also, it has been found that HA act as a catalyst in degradation 
process of Chl pigments in the aquatic environment.
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Introduction

There is, to date, no information available regarding 
humic acid (HA) pollution in inland freshwater wetlands 
in Bali, Indonesia. However, extensive pollution caused 
by various domestic and farming organic wastes, 
especially in rainy season has turned many small rivers 
into unhealthy watercourses, which may have high doses 
of humic substances.

Humic acid (HA) is a form of environmental organic 
matters (OM) that are formed during the physical, 
chemical and microbiological transformation process 
of dead tissue of animals and plants. Generally they 
are classified as natural organic pollutants though they 
need to be removed from the aquatic medium.

The presence of HA in a water supply is undesirable 
for several reasons as they raise the total organic 
pollution level, colour intensity, distinct absorbing 
capacity and chemical activities. They can combine 
with metal ions, oxides and clay minerals to form 
water soluble or insoluble complexes and can interact 
with organic compounds such as alkenes, fatty acids 
and pesticides. It leads to formation of biodegradable 
organic compounds during ozonation and enhance 
growth of microorganisms within the water distribution 
systems. Besides these aspects, reaction between 
aquatic HA and halogen-based oxidants during water 
chlorination process can cause the formation of 
trihalomethanes (THM) with potential carcinogenic 
effects (Malgorzata and Tomasz, 1996; Chi-Ming et 
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al., 2004). HA has also been reported having capability 
to induce cytotoxicity for many mammalian cells and 
induce growth retardation and apoptosis of fibroblasts 
(Danuta et al., 2002; Kuo-Jang et al., 2003; Mei-Ling 
et al., 2003; Thomas et al., 2004).

Water hyacinth plant (WH) is a common aquatic plant 
in many tropical countries. They usually dwell mainly 
in the shallow regions of lakes, ponds, pools, marshes, 
streams, rivers etc. in which HA is present. Considering 
the existence of WH in the aquatic environment, it is 
necessary to know at what extent they are able to take 
up HA and what’s their contribution to the aquatic 
environment.

The main aim of present study was to address the 
paucity of information regarding the possibility of 
using WH to remove HA from the aquatic environment. 
We also aimed to identify the effect of HA on pH of 
media where WH lives, chlorophyll (Chl) content and 
degradation.

Materials and Methods

Humic Acid (HA)
Humic acid was extracted from cow dung manure using 
alkaline solution. The extraction and characterisation 
of the HA has been described elsewhere (Rupiasih and 
Vidyasagar, 2009).

Plant Medium Preparation
Solutions with 12, 25, 40 and 60 ppm concentrations of 
HA were prepared in distilled water (DW). A small bucket 
of 3 L capacity was used to carry out the experiment. 
It was kept in an open room at room temperature. Six 
observational groups were formed: group A: WH was 
kept in DW; group B: WH was kept in river water (RW); 
for groups C, D, E and F: WH was kept in HA solution 
of 12, 25, 40 and 60 ppm concentrations, respectively. 
For each group three samples (total nine plants) were 
prepared. Also six buckets, one with DW, one with RW 
and four with different concentrations of HA (12, 25, 
40 and 60 ppm) without plants were prepared and were 
maintained as control, called group A-control, B-control, 
C-control, D-control, E-control and F-control. The total 
volume of the medium in each bucket was maintained 
as 2 L throughout the observation by adding DW in an 
appropriate quantity.

The Studies of Uptake of HA by Water Hyacinth 
Plant (WH)
Water hyacinth was collected from a pond in a village. 
They were cleaned up with tap water several times and 
rinsed with DW before transferring to the medium. The 

UV-Vis absorbtion spectrum of each sample medium 
was recorded in two wavelengths i.e. 250 nm and 275 
nm (characteristics wavelengths of HA) after 1, 3, 5 
and 8 days of exposure.

Chlorophyll (Chl) Studies

A. Chlorophyll (Chl) Concentration Studies
Leaves from each group were harvested, washed with 
DW and then Chl was extracted using “crude method”. 
Around 1.4 g leaves were crushed with 60 mL of 80% 
acetone and then filtered with filter paper (Whatman 
No. 1). Chlorophyll extractions were kept at 4oC for 
30 minutes. These Chl extracts were filtered again 
and UV-Vis absorbtion spectra were recorded using a 
UV-Vis spectrophotometer. The Chl-a, Chl-b and total 
Chl concentrations were calculated by Jeffery and 
Humphrey method (1995):

	 Chl-a (mg/L) =	 11.93 E664 – 1.93 E647	 (1)

	 Chl-b (mg/L) =	 20.36 E647 – 5.5 E664

	 Chl total (mg/L) =	 27.8 E652 

where E664, E647 and E652 denote absorbance at 664 nm, 
647 nm and 652 nm, respectively.

B. Chlorophyll (Chl) Degradation Studies
Fresh leaves were harvested from WH that have been 
grown in the same pond. Leaves were washed with DW 
and then Chl was extracted using “crude method” which 
is described in part A.

A small beaker of 50 mL capacity was used to carry 
out the experiment. Six observational groups were 
formed e.g. group I: beaker was filled with ~40 mL of 
extracted Chl (as a control); group II: beaker was filled 
with ~40 mL of extracted Chl and 2 mL of HA solution 
of 1 ppm concentration; group III: beaker was filled with 
~40 mL of extracted Chl and 2 mL of HA solution of 
3 ppm concentration; group IV: beaker was filled with 
~40 mL of extracted Chl and 2 mL of HA solution of 
6 ppm concentration; group V: beaker was filled with 
~40 mL of extracted Chl and 2 mL of HA solution of 
9 ppm concentration; and group VI: beaker was filled 
with ~40 mL of extracted Chl and 2 mL of HA solution 
of 12 ppm concentration. There were three samples for 
each group. All samples were sealed and temperature 
was maintained at ~4 oC. Temperature was monitored 
everyday using a digital thermometer with least count 
0.1 oC and absorbance were recorded every two days 
starting from the first day extraction till the ninth day. 
Absorbtion spectra were recorded in the range 360-760 
nm. The Chl-a, Chl-b and total Chl concentrations were 
calculated using formula (1).
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Statistical Analysis
Student’s t test for “two-tailed tests” was carried out 
to determine the statistical significance of difference 
between control and treated groups in each experiment. 
The differences were considered for statistical 
significance at a value of p < 0.05.

Results

The ability of WH to absorb HA in the form of solution 
was evaluated in terms of absorbance of HA for the 
medium in which it was grown. The effects of HA on 
the Chl was evaluated in terms of Chl concentration 
and degradation.

pH Studies
Figure 1 shows changes of pH as function of time for 
groups A-control to F-control (without WH). pH of 
medium of group A-control shows almost constant value 
throughout the observations. Media of groups B-control 
to F-control show slight decrease in pH (~0.50) until the 
third day then it remains stable. pH value was higher in 
the solution with higher concentration of HA.

Figure 2 shows changes of pH as function of time 
for groups A to F (with WH). It shows pH of group A 
almost constant throughout the observation. It is because 
DW and WH were the only constituents in the system. 
pH of groups B to F show decrease ~1.0-1.50 until 
the third day and then remains stable. This indicates 
that interaction between WH and HA medium has 
taken place. pH was higher in the solution with higher 
concentration of HA. When stabilized, the values of 
pH of media of groups A to F were lower compared 

to the respective control media. This shows that WH 
helps to bring the pH of the medium towards neutral 
alkaline-acidic condition.

Uptake of HA by Water Hyacinth Plant (WH)
To study the uptake of HA by WH, UV-Vis absorbtion 
spectra in two wavelengths i.e. 250 nm and 275 nm 
(which are characteristics wavelengths of HA) are 
observed. Figure 3a shows the UV-Vis absorbtion at the 
two wavelengths versus time for medium group A (with 
WH). The absorbance values for the first observation 
were very small and decreased with increase in time. 
Figures 3b-f show the UV-Vis absorbtion versus time of 
media groups A-control to F-control (without WH) and 
groups A to F (with WH). For control media (groups 
B-control to F-control), the absorbance values were 
not significantly changed throughout the observations. 
For media with WH (groups B to F), the absorbance 
values were higher than group A. The absorbance values 
decreased with increase in time. This indicated the low 
concentration of HA in the respective media which 
decreased with time.

Chlorophyll (Chl) Studies

Chlorophyll (Chl) Concentrations
Figure 4 shows the absorbtion spectra of Chl that 
extracted from leaves of WH that have grown in various 
media such as DW (group A), RW (group B) and HA 
with various concentrations (12 ppm, 25 ppm, 40 ppm 
and 60 ppm) (groups C to F). Two major peaks were 
observed for groups A to F such as at ~430 nm and ~660 
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Figure 1: pH of groups A-control to F-control (without 
water hyacinth plant (WH)) as function of time.
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Figure 2: pH of groups A to F (with water hyacinth 
plant (WH)) as function of time.
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Figure 3: UV-Vis absorbtion spectra of two wavelengths versus time of control media (without WH) and 
media with WH: (a) group A, (b) group B, (c) group C, (d) group D, (e) group E and (f) group F.
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nm. The absorbance was higher in groups B to F as 
compared to group A. For groups C to F, the absorbance 
was increased with increase in the concentration of HA 
in the media from 12 to 60 ppm. There was no shift 
in peak positions and no appearance of any additional 
peak was observed for groups C to F as compared to 
group A.

Figure 5 shows the amount of Chl-a, Chl-b and total 
Chl obtained from leaves of WH harvested from groups 
A to F. The amount of Chl-a, Chl-b and total Chl was 
more in WH grown in media with HA (groups C-F) 
as compared to WH grown in medium without HA 
(group A). This is in agreement with the earlier works 
(Yang et al., 2004; Pouneva, 2005). The Chl content 
was found to increase as the concentration of HA in 
the medium increased from 12 to 60 ppm. The amount 
of Chl-a, Chl-b and total Chl for the group B is more 
as compared to group A. This may be because of more 
nutrients available in the river water.

Chlorophyll Degradations
Figure 6 shows decrease of pH of groups I to VI as 
a function of time. All samples show decrease in pH 
throughout the observations. pH values of groups II to 
VI were higher as compared to group I. This is because 
of the presence of HA in the medium. 

A decrease in Chl-a, Chl-b and total Chl content in 
groups I to VI were also obtained as shown in Figure 7. 
The percentage decrease of the concentration of Chl-a, 
Chl-b and total Chl of groups I-VI on the 9th day are 
listed in Table 1. Appearance of any additional peak was 
not observed throughout the observations.
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Figure 4: UV-Vis spectra of Chl extracted from leaves 
of WH that have grown in various media such as 

groups A to F.
Figure 5: The concentration of Chl-a, Chl-b and total 

Chl obtained from leaves of WH harvested from groups 
A (G-A) to F (G-F).

0 2 4 6 8

5

6

pH

Time (day)

group I
group II
group III
group IV
group V
group VI
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function of time.
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Discussion

The changes of pH of medium in group B-control 
(without WH) (Figure 1) indicate the occurrence of 
some process between water, microbes and some 
organic compounds that were present in the river 
water. It also showed slight changes in the intensity of 
absorbtion of the medium (~0.04) (Figure 3a). Exact 
nature of the interaction was not investigated as it is 
beyond the scope of the present study. The changes of 
pH of media in groups C-control to F-control (Figure 
1), in the first three days indicate that HA interact with 
DW through the redox processes (p < 0.01).

Interaction of HA with the environment in the 
water medium might be explained by the structure 
and characteristics of HA. HA are polydisperse. From 
a three dimensional aspect of these complexes with 
carbon containing compounds, HA are considered 
to be flexible linear polymers that exist as random 
coils with cross linked bonds. Peripheral pores in 
the polymer are capable of accommodating (binding) 

natural and synthetic organic chemicals in a lattice type 
arrangement (Pettit, 2004). The carboxylic acid groups 
provide these molecules to chelate positive charged 
multivalent ions (Mg++, Ca++, Cu++, etc.). By chelating 
the ions, they facilitate the uptake of these ions by 
several mechanisms, one of which is preventing their 
precipitation. Another reason seems to be a direct and 
positive influence on their bioavailability (Pettit, 2004). 
During this process, the redox balance in the system 
might have been affected due to which the changes in 
pH and absorbtion intensity spectra were seen.

pH in group A (with WH) (Figure 2) was stable 
because DW and WH were the only constituents in the 
system. The decrease was observed in media groups B 
to F (with WH). This indicates that interaction between 
WH and HA medium has taken place.

Figures 3a-f show that the intensity of absorbtion for 
media groups A to F decreased linearly as function of 
time. UV-Vis absorbtion analysis at the two wavelengths 
(Figures 8b-e) shows the percentage difference in 
absorbance for each medium in groups C to F with 
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Figure 7: The decrease of concentration of: (a) Chl-a (mg/L), (b) Chl-b (mg/L) and (c) total Chl (mg/L)  

from groups I to VI as function of time.

Table 1: The percentage decrease of the concentration of Chl-a, Chl-b and total Chl for groups I 
to VI on the 9th day observation

	 Samples	 Chl-a (%)	 Chl-b (%)	 total Chl (%)
	 Group I	 31	 88	 57
	 Group II	 48	 85	 63
	 Group III	 47	 75	 77
	 Group IV	 58	 70	 72
	 Group V	 69	 55	 59
	 Group VI	 47	 43	 61
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Figure 8: Percentage of different absorbance at two wavelengths versus time in media with WH: 
(a) group B, (b) group C, (c) group D, (d) group E and (e) group F.
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the respective controls, which increased linearly as 
a function of time (p < 0.05). On the 8th day, the 
percentage of HA uptake by WH was around 90-94% 
for group B; 62-72% for group C; 55-66% for group 
D; 29-40% for group E and 25-30% for group F. This 
indicates that the amount of HA taken by WH after 25 
ppm is almost constant.

As shown in Figure 5, the Chl content from WH 
grown in media with HA (groups C-F) was found 
to increase as the concentration of HA in the media 
increased from 12 to 60 ppm. As a hypothesis, it can 
be suggested that the enhancement in plant growth 
in solution containing HA is the result of improved 
micronutrient availability. HA may serve as a complex 
inorganic plant nutrient. It acts as a storehouse of N, 
P and S (Frank, 1996). Also as chelating agents, HA 
is able to chelate aquatic nutrients, improve nutrient 
uptake and solubilise minerals and make them easily 
available for the plant. HA can improve metabolism 
and the yield of crops.

The decrease of pH for groups I to VI as shown in 
Figure 6 explained that degradation of Chl have occurred 
in group I (control sample) as well as in groups II to 
VI (treated samples) as time increased. These results 
are also supported by the decrease in the absorbtion 
intensity as well as decrease in the concentrations of 
Chl-a, Chl-b and total Chl.

The percentage decrease in concentrations of Chl-a, 
Chl-b and total Chl for groups I to VI (Table 1) showed 
that for Chl-a and total Chl, the percentage decrease 
was more in groups II to VI as compared to group I 
whereas for Chl-b, the percentage decrease was lesser 
as compared to group I. These indicate that HA acts 
like a catalyst in the degradation process of Chl-a and 
total Chl. But HA inhibited the degradation process of 
Chl-b.

Conclusions

From absorbtion studies, it can be concluded that WH 
can be considered as one of the several methods to 
remove HA from an aquatic environment. The changes 
observed in pH can be explained as WH helps to 
maintain the stable condition in the aquatic system. HA 
helps in increasing the concentration of Chl-a, Chl-b and 
total Chl of WH leaves. HA have more effect on Chl-b. 
Also, it has been found that HA act as a catalyst in the 
degradation process of Chl pigments in the aquatic 
environment.
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