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Abstract 
 

The variability in phosphorus concentrations and the decomposition rates of organic 
phosphorus were measured in five selected rivers through four surveys in July and 
November of 2012, and February and May of 2013. After collection the water samples were 
incubated for 20 days in a dark incubator and the change of forms of phosphorus such as 
particulate organic phosphorus (POP), dissolved organic phosphorus (DOP) and dissolved 
inorganic phosphorus (DIP) were analyzed. By fitting the changes to two types of models, 
the decomposition rates of organic phosphorus were determined. The mean total organic 
phosphorus (TOP) decomposition rate coefficients in the studied rivers was 0.039 day-1. The 
average POP decomposition rate coefficient (POP→ →DOP DIP model) was 0.038 day-1 while 
the mean DOP decomposition rate coefficient was 0.251 day-1. The decomposition rate 
coefficients measured in this study might be applicable for modeling of river water quality. 
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Introduction 
 

A key component in the cycling of organic matter 
in aquatic ecosystems is decomposition. In 
aquatic ecosystems, heterotrophic bacteria are 
primarily responsible for the bulk of 
decomposition of organic matter (Siuda and 
Chróst, 2002). However, enzymatic hydrolysis or 
decomposition is affected by a number of 
environmental factors, of which temperature, pH 
and redox potential are the most important 
(Reddy and D’Angelo, 1994). Specifically 
temperature affects the metabolic activity on the 
decomposing substrate. If nutrients enter as 
organic matter that first needs to be decomposed 
before it can be utilized for growth, temperature 
becomes important due to its effect on the rate of 
decomposition. In rivers, particulate organic 
matter (POM) is subjected to different processes 
such as mineralization, disaggregation and 
sedimentation that determine its role, behavior 
and fate in the aquatic ecosystem. However, 
dissolved organic matter (DOM) consists of a 
complex mixture of organic compounds where 
the large majorities (80%) remain unknown and 
likely resemble the complex humic compounds 
found in river water (Stiig Markager et al., 2007). 
Microbial action not only results in the 
remineralization of DOM, but also in its 
transformation in such a way that the DOM pool 
owes much of its chemical structure to microbial 
activity. Allochthonous inputs are usually 
dominated by the refractory component while 
autochthonous inputs are initially labile 
becoming refractory over time (Luz et al., 2005).  

The rate of decomposition and nutrient release of 
an organic residue depends on its chemical and 
biochemical characteristics (Tian et al., 1992; 
Vanlauwe et al., 1997) referred to as its quality. 
Generally, residues high in P decompose faster 
and release more P within a shorter period (Tian 
et al., 1992). However, the relative importance of 
the P content sometimes depends on the 
amounts of carbon, lignin, cellulose, polyphenol, 
nitrogen N and C:N ratio. For this reason, their 
ratios to P are also regarded as predictors of 
decomposition and P release. In general, 
particulate P is much more variable than 
dissolved P. Storm events are extremely 
important for particulate P dynamics because 
large portions of annual stream particulate P 
loads can be transported attached to sediment 
and organic matter during only a few major 
events (Brett et al., 2005). Decomposition of 
plant detritus involves stepwise conversion of 
complex organic molecules to simpler organic 
and inorganic constituents by processes 
including abiotic leaching (Benner et al., 1985), 
fragmentation (Boulton and Boon, 1991), 
extracellular enzymatic hydrolysis (Cunningham 
and Wetzel, 1989; Linkins et al., 1990), and 
aerobic and anaerobic catabolic activities of 
microorganisms (Oremland, 1988; Kerner, 1993). 
Water temperature is one of the parameters that 
determine the overall health of aquatic 
ecosystems (Coutant, 1999). Water temperature 
has both economic and ecological significance 
when considering issues such as water quality 
and biotic conditions in rivers. 
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In model calculation of decomposition 
phenomena, expressions are desired that are 
realistic in terms of both mathematical and 
biological behavior. Mathematical models are 
valuable tools to investigate the biogeochemical 
mechanisms and their interactions. Modeling the 
decrease in organic P concentrations during 
decomposition process would be of special 
interest. Interrelationships between different P 
fractions contain one or more decomposition rate 
coefficients that are universal in some senses. 
However, there is little information available 
concerning the decomposition rate of organic P 
and its related constituents. A reasonable 
prediction of water quality for the river requires 
the decomposition rate of organic P present in 
the water bodies. Therefore, the objectives of this 
study were to assess the decomposition rates of 
organic P thereby influencing P availability for 
algal growth in the river water as well as the 
overall impacts of P in the river ecosystem.  
 

Materials and Methods 
 

From five selected rivers representative samples 
were collected in 20L plastic bottles and were 
processed for physical, chemical and biological 
analyses as per standard recommended 
procedures. The sampling sites of the 5 rivers 
were the Punarbhaba River (4 sites), the Atrai 
River (4 sites), the Kharkharia River (4 sites) , 
the Jamuna River(4 sites)  and  the Tulsi Ganga 
River (2 sites) of Dinajpur District. 
 

Temperature, pH and EC were measured in situ 
with a YSI model 600 multi-parameter water 
analyzer. Chlorophyll-a concentration was 
determined by a spectrophotometric method 
using acetone extraction (Lorenzen, 1967). For 
the measurements of BOD, sample aliquots were 
incubated in 300 ml glass BOD bottles at 20 °C 
for 5 days in the dark. Dissolved oxygen (DO) was 
measured by DO meter. For CODMn, samples (30 
ml) were treated with 5 mN KMnO4 in 1 % NaOH 
for 1 hour at 100 °C in an autoclave. Total 
phosphorus (TP) concentration was determined 
by persulfate digestion followed by the ascorbic 
acid method for ortho-phosphate analysis. Total 
nitrogen (TN) was determined by auto analyzer 
(SKALAR 5100) employing Cd reduction column 
after decomposing sample by persulfate 
digestion. Nitrate was determined by Cd 
reduction method (APHA, 2005). Water samples 
were incubated for 20 days in a dark incubator 
and the change of forms of phosphorus such as 
particulate organic phosphorus (POP), dissolved 
organic phosphorus (DOP) and dissolved 
inorganic phosphorus (DIP) were analyzed. By 
fitting the change to two types of models the 
decomposition rates of organic phosphorus were 
determined. The total organic phosphorus (TOP) 
decomposition rate coefficient indicates 
combined overall decomposition rate coefficients 
of POP and DOP. Within the models, it is 
assumed that conversion of POP and DOP to 

phosphate proceeds through hydrolysis and 
mineralization. Decomposition rates of organic 
phosphorus were measured at 0, 1, 2, 3, 5, 7, 10, 
15 and 20 days after beginning of incubation at 
20°C. The DIP (dissolved inorganic P), DTP 
(dissolved total P) and TP (total P) 
concentrations of the water samples were 
measured for P content. The dissolved and 
particulate fractions are usually distinguished by 
filtration through a 0.45-μm membrane that 
separates most bacteria, algae and mineral 
particles from the dissolved phase but fails to 
separate colloidal particles. The DIP was 
analyzed after GF/F filtration (0.45 μm) by 
applying the molybdenum blue method at 880 
nm, according to the American Public Health 
Association (APHA, 2005). The DTP was 
estimated from the filtered sample as the DIP 
after persulfate digestion (APHA, 2005). The 
DOP was obtained by subtracting the DIP from 
the DTP. The TP was analyzed from the 
unfiltered sample as the DIP after persulfate 
digestion and determined after the Mo-blue 
method, according to APHA (2005). 
 

In this study the following four different models 
were employed for simulating phosphorus cycle 
in river water. Each decay model was fitted to the 
data collected from incubation experiment and 
rate coefficients were determined by 
optimization. The determinations of coefficients 
were performed by iterative Runge-Kutta method 
programmed on EXCEL spreadsheet (Brezonik, 
1994). The time step for iterative integration was 
set to 0.1 day.  
 

Model 1; Total organic phosphorus → dissolved 
inorganic phosphorus (DIP) 
 

)1....(..............................(TOP)k
dt

d(TOP)
TOP  

 

Where,  
 

TOP= Total organic phosphorus concentration  
kTOP= TOP decomposition rate coefficient [ day-1] 
t = decomposition time [day] 
 

Model 2: Particulate organic P (POP)→dissolved 
organic P (DOP)→dissolved inorganic P (DIP) 
 

                          kPOP         kDOP 
POP  →    DOP  →   DIP 

 

)2.(....................).........()( POPk
dt
POPd

POP

)3..().........()()( DOPkPOPk
dt

DOPd
DOPPOP   

)4(....................).........()( DOPk
dt
DIPd

DOP  

 

In this model, organic P was divided into POP 
and DOP. The basic concept of this model is that 
during the decomposition process, POP is first 
converted into DOP and then DOP is 
transformed into DIP or SRP (soluble reactive P). 
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Fig.1. Map of the sampling sites of the 5 rivers (Punarbhaba River-4 sites, Atrai River-4 sites, 
Kharkharia River -4 sites, Jamuna River-4 sites and Tulsi Ganga River-2 sites) of Dinajpur District. 
 

Results and Discussion 
 

Figure 1 shows the different sampling sites of the 
5 rivers of Dinajpur. For the measurement of the 
decomposition coefficient of organic phosphorus 
through POP→DOP→DIP model, a typical 
example of sample number 18 is shown in Figure 
2. The pH of all the rivers ranged from 6.3~6.9 
with a mean of 6.6 (Table 1). However, the 
differences of pH among the samples collected at 
each site were relatively small. Differences in the 
decomposition rates could be due to differences 
in water chemistry (pH, alkalinity, nutrient 
concentrations). Higher breakdown rates of 
organic matter have been described before in 
alkaline systems in comparison with more acidic 
ones (Chamier, 1992). In reflective of the extent 
of ion strengths, EC increased by several folds 

along the river line, with its values being 
obviously smaller for samples at lower flow rate 
and water levels. However, the mean value of EC 
of all the rivers was 192 µS/cm. The average DO 
value was 8.3 mg O2/L. The COD, an index of 
BOD is inversely proportional to DO. 
Consequently, the higher the value of DO, the 
lower the level of COD and BOD were observed in 
the waters. Actual nutrients and energy 
requirement strongly affects the synthesis rates, 
structure and efficiency of microbial 
ectoenzymes. The resultant activity of 
ectoenzymes determines the sequence and rates 
of utilization of various DOM and POM 
constituents by microorganisms (Siuda and 
Chróst, 2002). The average concentration of NO3- 
of the study river 1.1 mg/L. 
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Fig 2. An example (sample no. 18) of the changes of particulate organic phosphorus (POP), dissolved 
organic phosphorus (DOP) and dissolved inorganic (DIP) concentration using POP-DOP-DIP model. 
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Table 1. Water quality characteristics of the selected rivers in northern Bangladesh 
  

Parameters July, 12 Nov,12 Feb, 13 May,13 Mean 
Temperature (0C) 22.0 18.0 24.0 27.0 22.8 
pH 6.7 6.9 6.5 6.3 6.6 
EC (μS/cm) 255 150 175 190 192 
DO (mgO2/L) 9.8 8.7 7.0 7.8 8.3 
BOD (mgO2/L) 1.6 1.1 1.3 2.1 1.5 
CODMn (mgO2/L) 3.5 5.5 6.5 7.2 5.7 
Chlorophyll a (mg/m3) 21 11 17.0 28.0 19.1 
TN (mg/L) 2.58 1.00 3.1 4.6 2.8 
NO3 (mg/L) 1.33 0.39 0.8 1.98 1.1 

 
Table 2. TOP decomposition rates (kTOP) of the selected rivers in northern Bangladesh  
 

Rivers Sampling site 
no. 

Sampling dates and values Mean 
July, 12 Nov,12 Feb, 13 May,13 

 
Punarbhaba  

1 0.078 0.062 0.065 0.069 0.069 
2 0.082 0.032 0.045 0.055 0.054 
3 0.045 0.029 0.032 0.041 0.037 
4 0.063 0.028 0.043 0.048 0.046 

Jamuna  5 0.042 0.031 0.028 0.037 0.035 
6 0.046 0.023 0.036 0.043 0.037 
7 0.047 0.045 0.033 0.041 0.042 
8 0.025 0.021 0.027 0.029 0.026 

Atari River 9 0.054 0.028 0.034 0.044 0.040 
10 0.03 0.018 0.026 0.029 0.026 
11 0.029 0.025 0.031 0.037 0.031 
12 0.064 0.055 0.039 0.048 0.052 

Kharkharia 13 0.049 0.032 0.031 0.042 0.039 
14 0.043 0.014 0.028 0.037 0.031 
15 0.023 0.009 0.024 0.032 0.022 
16 0.019 0.013 0.021 0.027 0.020 

Tulsi Ganga 17 0.048 0.032 0.039 0.045 0.041 
18 0.075 0.066 0.059 0.061 0.065 

Mean  0.048 0.031 0.036 0.043 0.039 
SD  0.019 0.016 0.012 0.011 0.014 

 
Table 3. POP decomposition rates (kPOP) of the selected rivers in northern Bangladesh 
 

Rivers Sampling 
site no. 

Sampling dates and values Mean 
 July, 12 Nov,12 Feb, 13 May,13 

 
Punarbhaba  

1 0.064 0.024 0.031 0.038 0.039 
2 0.066 0.014 0.024 0.035 0.035 
3 0.034 0.025 0.025 0.029 0.028 
4 0.026 0.025 0.021 0.034 0.027 

Jamuna  5 0.031 0.029 0.034 0.045 0.035 
6 0.048 0.025 0.031 0.045 0.037 
7 0.065 0.062 0.055 0.069 0.063 
8 0.025 0.028 0.034 0.044 0.033 

Atari  9 0.045 0.029 0.031 0.042 0.037 
10 0.048 0.031 0.027 0.037 0.036 
11 0.052 0.062 0.042 0.045 0.050 
12 0.045 0.022 0.028 0.046 0.035 

Kharkharia 13 0.042 0.049 0.035 0.042 0.042 
14 0.061 0.023 0.028 0.045 0.039 
15 0.009 0.006 0.021 0.032 0.017 
16 0.043 0.035 0.028 0.039 0.036 

Tulsi Ganga 17 0.048 0.032 0.031 0.045 0.039 
18 0.09 0.047 0.042 0.052 0.058 

Mean  0.047 0.032 0.032 0.042 0.038 
SD  0.019 0.015 0.008 0.009 0.011 
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Table 4. DOP decomposition rates (kDOP) of the selected rivers in northern Bangladesh  
 

Rivers Sampling 
site no. 

Sampling dates and values Mean 
 July, 12 Nov,12 Feb, 13 May,13 

 
Punarbhaba  

1 0.291 0.500 0.235 0.245 0.318 
2 0.328 0.225 0.214 0.254 0.255 
3 0.43 0.175 0.185 0.232 0.256 
4 0.152 0.101 0.255 0.214 0.181 

Jamuna  5 0.18 0.118 0.155 0.185 0.160 
6 0.245 0.399 0.245 0.282 0.293 
7 0.193 0.298 0.245 0.265 0.250 
8 0.281 0.133 0.174 0.219 0.202 

Atari  9 0.263 0.244 0.265 0.284 0.264 
10 0.223 0.254 0.264 0.285 0.257 
11 0.216 0.100 0.219 0.235 0.193 
12 0.300 0.239 0.254 0.275 0.267 

Kharkharia 13 0.224 0.244 0.250 0.265 0.246 
14 0.295 0.183 0.211 0.234 0.231 
15 0.151 0.104 0.185 0.198 0.160 
16 0.146 0.558 0.324 0.339 0.342 

Tulsi Ganga 17 0.328 0.229 0.217 0.288 0.266 
18 0.525 0.295 0.275 0.414 0.377 

Mean  0.265 0.244 0.232 0.262 0.251 
SD  0.098 0.131 0.041 0.053 0.059 

In the Model 1, the mean TOP decomposition 
rate coefficients of the study rivers was 0.039 
day-1 (Table 2). The average POP decomposition 
rate coefficients of POP→DOP→DIP model was 
0.038 day-1 (Table 3) while the mean DOP 
decomposition rate coefficients was 0.251 day-1 
(Table 4). The decomposition of the TOP, POP 
and DOP behaved nonlinearly as far as their 
stabilities in aquatic environment. Differences in 
overall decomposition rate of organic P were 
attributed to differences in the relative 
proportions of the labile and recalcitrant 
fractions initially present in each water sample. 
However, the modeled concentrations of DIP, 
DTP and TP were consistent with the 
experimental results, although a little variation 
was observed in case of highly polluted water 
samples.  
 

Although we did not measure the enzyme 
activities, the basis of the organic P 
decomposition processes is almost entirely the 
enzymatic which was excreted by different 
microorganisms in aquatic environment. Organic 
P compounds must first be converted to DIP for 
utilization by bacteria and phytoplankton 
(Ammerman and Azam, 1985), thus the 
structural character of DOP influences its 
bioavailability. Although the phytoplankton is 
also capable of assimilating P from the POP 
(Cembella et al., 1984) and DOP (Cotner and 
Wetzel, 1992), however, the bioavailability of 
DOP may be reduced if it is associated with 
humic acids (Reynolds and Davies, 2001). As 
decomposition proceeds, soluble components 
and relatively easily degraded compounds such 
as sugar, starches and proteins will be rapidly 
utilized by decomposers, while more recalcitrant 

materials such as cellulose, fats, tannins and 
lignins will be decomposed at relatively slower 
rates. Thus, with time, the relative proportion of 
these recalcitrant materials will progressively 
increase and the decomposition rate might 
decrease in the later stage of decomposition. 
However, in this study labile OP and recalcitrant 
OP were not discriminated, because it might have 
increased errors with exponential decrease 
model.  
 

There was a difference in the decomposition rates 
under constant temperature perhaps due to 
aerobic and anaerobic conditions. Although a 
more complex model equation including 
microorganisms, pH, and redox potential may be 
able to improve the reproduction of real systems, 
it has been argued that increasing the number of 
parameters and complexity of the model will lead 
to an increase in model uncertainty as well as less 
accurate decomposition coefficient. The results 
indicate that the calibration results are quite 
acceptable. Conducting decomposition 
experiments at constant temperature and pH for 
a prolonged period would be very helpful to 
determine the extent of potential mineralization 
that can be induced by changes in stressors’ 
levels due to hydro-climatic changes. The data 
obtained from such task should further aid to 
estimate P stability in rivers that in turn, assist to 
devise appropriate strategies to reduce the P 
mobility in the ecosystem. The decomposition 
rate coefficients measured in this study might be 
applicable for modeling of river water quality.  
 

Conclusion  
 

Even though there was a little difference in the 
decomposition rates under constant temperature 
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perhaps due to aerobic and anaerobic conditions; 
in most cases, the data were well fitted with the 
model simulation. We believe that every model-
whether it relies on a simple conceptual or a fully 
mechanistic approach will certainly run into the 
limits if other factors of decomposition go down 
to a level where distinct changes in the overall 
structure of the ecosystem appear. The model 
equations employed here lend themselves well to 
determining the rate of decomposition of organic 
P because it makes no assumptions what 
microorganisms are involved in the 
decomposition process. This study suggests that 
the respective decomposition rate coefficients are 
fairly constant. The decomposition coefficients 
measured in this study would obviously give a 
guideline to the selection of parameters in 
modeling the river water quality.  
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