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INTRODUCTION

The high level of human activity has had a 
significant effect on the increase of the pollutant 
input into estuarine waters (William et al. 2010). 
This region covers 7% of the world’s surface area 
and has 30% of the total net primary production 
(Durr et al. 2011). This area is the most active 
biogeochemical process and is more susceptible 
to the effects of human activity, especially the 
tropics (Yule et al. 2010, Smith et al. 2012) and 
can cause eutrophication (Davidson et al. 2014). 
Now that the water quality control in aquatic en-
vironments in many countries or regions is in-
creasing, it is important to understand the global 

functional relationship between the phytoplank-
ton biomass, phosphorus and nitrogen in the 
aquatic ecosystems. 

Chlorophyll-a (hereinafter Chl-a) is the most 
widely used measure of the phytoplankton bio-
mass in the aquatic environments, both lakes or 
coastal (Balali et al. 2013). Chlorophyll is a use-
ful and easily-employed estimator of phytoplank-
ton standing crop and is now more generally used 
than the cell number or cell volume (Sakamoto 
1966). The relationship between Chl-a and nutri-
ent in water bodies has been intensively studied 
(Søndergaard et al. 2011; Balali et al. 2013). The 
concentrations of phosphorus (P) and nitrogen 
(N) nutrients, together or in isolation, affect the 
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ABSTRACT
The speciation of particulate inorganic phosphate (PIP) in waters is still rarely studied, unlike the dissolved 
inorganic phosphate (DIP) which is often used in the assessment of the water quality parameters and their effect 
on the presence of chlorophyll a. This research aimed at determinig the relationship between DIP and PIP and its 
effect on the concentration of chlorophyll-a. This research was conducted in the waters of Semarang and Jepara, in 
different seasons (Rainy and dry). Speciation from PIP was obtained through an extraction process using 1 M HCL 
and continued with phosphate analysis using the molybdenum blue method, as in the DIP analysis. The linear 
model was used to find an equation and determine the variables that affect chlorophyll a. Our results showed 
that the distribution patterns of DIP, PIP and Chlorophyll-a have different patterns in the two study areas and 
different seasons. The concentration of DIP is always high in the Semarang waters, and is followed by a high 
chlorophyll-a response. A different pattern was found in the Jepara waters, where the chlorophyll-a response is 
high in the east monsoon. The relationship of Chl-a to DIP was very significant in the west season in the waters 
of Semarang and the Jepara region in the east season (p <0.05). The relationship of chlorophyll a to DIP in the 
Semarang and Jepara waters produced an equation, Chl a = -56.565 + 76.672 (DIP) with a coefficient of determina-
tion R2 = 0.478, at a significant level (p) = 0.004 and Chl a = -25.844 + 68.827 (DIP) with value of R2 = 0.421 at a 
significance level of p = 0.007, respectively.
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concentration of Chl-a (Trommer et al. 2013; Ma-
gumba et al. 2013). The relationship of variation is 
influenced by the factors of latitude, altitude, depth 
and stoichiometric characteristics (Abell et al. 
2012). Maslukah et al. (2018) explained that chlo-
rophyll a in Jepara waters had the strongest cor-
relation to the N/P ratio, followed by P and finally 
N individually. The following study, Maslukah et 
al. (2019), found a relationship of chlorophyll a 
to nutrient P following a logarithmic model with 
the formula [Chl-a] = 1.52 + 1.60 logs [P], with a 
correlation coefficient (r) of 0.74. A comprehen-
sive model of this relationship that can be applied 
to waters with different characteristics would be 
very valuable to develop effective policies to con-
trol the water quality (Abell et al. 2012).

Phosphorus (P) has generally been considered 
a limiting nutrient for phytoplankton growth, and 
excessive P concentration is considered the most 
common cause of eutrophication in lakes, rivers, 
and estuaries (Correll 1998; Al-Enezi et al. 2016; 
Soliman et al. 2017). Phosphorus in seawater ex-
ists in both particulates and dissolved, each con-
taining the organic and inorganic form. The total 
dissolved P (TDP) is usually defined as a fraction 
that passes through 0.1-1 μm porous filter, which 
exists in organic and inorganic forms. Dissolved 
Inorganic Particulate form (DIP) is the dominant 
fraction. Likewise, the total particulate P (TPP) is 
in the form of inorganic and organic P (PIP). The 
inorganic particulates occur in the mineral phase, 
adsorbed for particles (biotic and abiotic), where-
as POP consists of P incorporated in life and de-
trital organic molecules. The information about 
the concentration and dynamics of each group are 
needed to characterize the phosphorus cycle.

The most important bioavailable P in water 
is in dissolved form, but its existence is only a 
small part of the total P (phosphate) – particu-
lates. Dissolved inorganic phosphate (DIP) are 
ions that are very easily absorbed by particu-
lates. The estuary sediments can act as sources 
of PO4

2- (DIP) through the release of suspended 
substances and inorganic phosphorus sediment 
particles (PIP) (Froelich, 1988; Al-Enezi, et al., 
2016). The P particulate (PIP) in the aquatic en-
vironment is an important factor in determining 
its concentration and availability in water. This 
form is responsible for the presence of dissolved 
inorganic phosphate (DIP) in the water column 
through physical adsorption, chemical bonds or 
biological assimilation. Thus, the speciation P 
study is very interesting (Soliman et al. 2017). 

The main P source, reaching more than 90% 
of the total phosphorus, is transported from the 
run-off rivers to the coastal waters in the form of 
suspended particulate matter.

The waters on the north coast of Central Java 
are greatly influenced by the flow of freshwater 
from large rivers. The upstream river activity has 
significantly affected the input of suspended ma-
terial and nutrients to the waters. This region has 
experienced very rapid development because it is 
the main center of economic growth in Central 
Java. Several studies related to the chlorophyll a 
concentration have been carried out by Siregar 
and Koropitan (2016), Subiyanto et al. (2017) 
and Maslukah et al. (2019). The concentration of 
the particulate P forms in waters is rarely mea-
sured. Considering there is an exchange in DIP 
and PP, better characterization of the spatial and 
temporal distribution of various forms of P is 
needed to increase our understanding of the P 
biogeochemistry.

In this study, the inorganics from particulates 
(PP) and dissolved P were measured, which will 
provide new insights into the spatial and season 
differences in various P pools as well as their rela-
tion to total suspended solids and chlorophyll-a.

MATERIALS AND METHODS

The research was conducted in the waters of 
the Semarang and Jepara (Fig. 1) in February (rep-
resenting the rainy season) and July (representing 
the dry season) in 2019. The seawater samples 
were taken at 16 stations (Semarang area) and 
15 stations (Jepara area), using Nansen tubes in 
layers surface (0.2 D/depth). The water samples 
were filtered on 0.45 mm cellulose acetate mem-
branes (millipore) and stored in polypropylene 
bottles before the measurement of DIP concen-
trations within 24 h by means of the molybdate 
blue method (Murphy and Riley 1962). The chlo-
rophyll a (Chl a) concentrations were determined 
spectrophotometrically on 90% acetone extracts 
of particles from 1000 ml subsamples retained on 
millipore filters. The supernatant reads its absor-
bance value at trichromatic wavelengths 664, 645 
and 630 (APHA, 1992). The chlorophyll-a con-
centration is calculated using the formula 1 and 2 
(Jeffrey & Humphrey, 1975):

Ca = 11.85(λ664) – 1.54(λ645) – 0.008(λ630) (1)

 Chl-a (mg/m3) = Ca × v/V (2)
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where: λ664, λ645, and λ630 are the reading 
result of the absorbance value at that 
wavelength, 

 v – volume extract (liter),
 V – sample volume (m3).

The form of P particulates (PIP) was deter-
mined by extracting with 1 M HCl (Aspila et al. 
1976), filtering and supernatant were analyzed 
using the Molybdenum blue method (Labry et al. 
2013). The absorbance value was measured using 
a Shimadzu UV-VIS Optima spectrophotometer 
SP 3000, with 1 cm wide cuvet.

Statistic analysis

The data were analyzed with the SPSS sta-
tistical software v. 16 and Microsoft Office Ex-
cel 2007. The normality tests were performed on 
all data, before further analysis of the regression 
model. The relationship between variables was 
carried out using linear regression as well as data 
correlation and Bivariate tests were performed 
to find a significant relationship between chloro-
phyll a to DIP and chlorophyll a. 

RESULT AND DISCUSSION

The study of fractions is essential for better 
monitoring of the availability of different forms 
of the P fraction in the water. The form of the P 

species in water bodies studied are dissolved inor-
ganic phosphate (DIP) and particulates inorganic 
phosphate (PIP). the average concentrations of 
DIP, PIP, and chlorophyll a from the two study 
areas are in the range of 0.35–2.53 µM (DIP), 
1.11–8.32 µM (PIP), 7.2–41.97 mg m-3 (Chl-a) 
in the Semarang waters and 0.07–2.09 µM (DIP), 
0.18–8.32 µM (PIP), 1.60–12.11 mg m-3 (Chl-a) 
in the Jepara waters. The concentration of chlo-
rophyll-a in the Semarang waters always shows a 
higher value (Table 1). 

On the basis of Table 1, the concentration of 
DIP, PIP, TSS, and Chlorophyll-a from two loca-
tions and seasons is shown in Figures 2 and 3.

In Figure 2, in the Semarang coastal seas, the 
concentration of DIP is always higher than in Jepara. 
However, the chlorophyll-a response shows a differ-
ent pattern. In the dry season, although the Semarang 
coastal sea shows higher DIP concentrations, the 
chlorophyll-a response is more significant in the Je-
para waters. Next, the SPM spatial distribution pat-
tern is explained in Figure 3 and illustrates the same 
pattern as Chl-a. Figure 2 and 3 show that the waters 
of Semarang in the rainy season always show high 
values   for SPM, DIP, and Chl-a. Conversely, the 
SPM, DIP and Chl-a concentrations of Jepara coast-
al waters show higher values in the dry season. This 
relates to the different hydrodynamic characteristics. 
In Figure 1, shows the location of these two classes 
of water in the Java Sea, the Semarang coastal seas 
are located in a bay and Jepara is in a cape. Wyrtki 

Fig. 1. The map location
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(1961) explained that the currents occurring in the 
northern waters of Central Java were the currents 
generated by the Asian-Australian monsoon system. 
In the east monsoon (dry season), the direction of the 
wind moves from east to west and has implications 
for the direction of the current and movement of the 
water mass. Shabrina et al. (2018a) explain that the 
dominant current pattern in the northern waters of 
Central Java is the component of u (zonal) current 
in the West-East direction. in the dry season, currents 
in the Java Sea flow to the west and have caused the 
measured chlorophyll to be high. This current pat-
tern causes the Jepara waters located in the west of 
coastal Java to experience the coastal upwelling pro-
cesses. Wirasatriya et al. (2018) explained that the 
high Chl-a in the dry season, in the Java Sea waters 
was due to the mixing process. These characteris-
tics affect the differences in DIP, SPM and chlo-
rophyll-a fluctuation patterns at the two locations. 
Zhou et al. (2014) explain that Different hydro-
dynamic processes can regulate the water quality 
(nutrients, dissolved oxygen, and chlorophyll-a.

The high concentration of DIP in the 
Semarang waters is due to the influence of 
larger river flow and has a very high anthro-
pogenic activity compared to the Jepara wa-
ters. The results of the study of Maslukah et 
al. (2018), large river flow has caused quite 
high nutrient supply to the sea is and resulted 
in their increased fertility. Compared with the 
studies on wetlands in Iran (Balali et al. 2013), 
chlorophyll-a ranged between 4.38 to 156.55 
mg/m3 at a phosphate concentration level of 
0.6–22 µM in Iran’s wetlands. 

The PIP distribution pattern differs from 
DIP, which always shows a high concentration 
in the rainy season (Figure 4). PIP and DIP in the 
water column are two forms of phosphate spe-
cies (PO4

2-) which are interconnected with one 
another. The dissolved species can be reduced 
from water due to the adsorption by suspended 
solids and the reverse process; the phosphate 
bound by a suspension can be a source for dis-
solved species (DIP) (Deborde et al. 2007).

Table 1. The concentration of DIP, PIP, SPM, Chl-a, in Semarang and Jepara coastal seas

Season
Semarang Jepara

DIP- 
(µM)

PIP
(µM)

SPM    
(mg L-1)

Chl a      
(µg L-1)

DIP
(µM)

PIP
(µM)

SPM
(mg L-1)

Chl a
(µg L-1)

Rainy 
season

Max 1.17 2.31 189.00 41.97 2.09 5.62 72.80 12.11

Min 0.87 1.11 67.00 7.07 0.07 0.50 22.40 0.91

Average 0.97 1.61 134.27 18.06 0.50 2.68 52.76 3.95

STDEV 0.08 0.52 43.13 8.73 0.55 2.17 16.74 3.61

Dry 
season

Max 2.53 8.32 85.00 18.35 1.11 8.32 100.00 78.82

Min 0.35 1.43 24.00 5.72 0.38 0.18 15.40 1.60

Average 0.76 3.87 65.75 11.41 0.59 3.53 69.15 16.05

STDEV 0.63 2.73 15.55 3.95 0.22 3.09 23.86 23.80

Fig. 2. The concentration of dissolved inorganic phosphate (DIP) and 
chlorophyll a (Chl-a) in the Semarang and Jepara coastal seas



139

Journal of Ecological Engineering  Vol. 21(3), 2020

Relationship between DIP, SPM and 
Chl-a and the model equation

The presence of chlorophyll on the water is 
largely determined by the concentration of nu-
trients and suspended particulate matter (SPM). 
SPM is closely related to the penetration of 
light and nutrients related to its function in en-
zymatic reactions. P (phosphorus) is one of the 
nutrients that is a biological limiting factor. The 
DIP concentrations can be used to determine the 
water fertility. Maslukah et al. (2019) obtained 

an equation model for the relationship between 
DIP and chlorophyll-a in Java sea waters, which 
is [Chl-a] = 1.52 + 1.60 log [P]. This model will 
vary by location and seasonally. The model of the 
relationship between chlorophyll a to DIP and 
SPM at two locations and different seasons have 
different characteristics (Table 2).

Table 2 explains that the chlorophyll response 
is simultaneously influenced by DIP and SPM. 
The Semarang waters show that the chlorophyll 
response to DIP and SPM is very significant in the 
rainy season and vice versa, in the Jepara waters 

Fig. 3. Distribution of spatial and temporal suspended particulate matter (SPM) and chlorophyll a

Fig. 4. Distribution of DIP & PIP in different season in Semarang and Jepara coastal seas

Table 2. Relationship between chlorophyll a, DIP and SPM in the rainy and dry seasons in the Semarang and 
Jepara coastal seas

Season Semarang Jepara

Rainy season Chl a =78.582 (DIP) + 0.013(SPM) -60.158
with value R2=0.482, p=0.019, n=14

Chl a =1.811(DIP)+0.109(SPM)+0.109
 with value R2=0.157, p=0.505, n=10

Dry season Chl a = -3.224(DIP) - 0.029 (SPM) +  16.72  
with value R2=0.354,  p=0.140, n=11

Chl a =67.782(DIP)-0.257(SPM)-7.481
 with value R2=0.490, p=0.013, n=15

Note: R – coefficient of determination, r – coefficient of correlaiton, n – total data, p – significance.
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in the dry season, with p<0.05. The statistical 
analysis of the two variables (DIP & SPM) shows 
that the role of DIP is more significant than SPM. 
The model equations resulting from Chl-a to DIP 
and the correlation coefficient (r) at both locations 
and seasons are presented in Table 3.

The results of the research by Paudel et al. 
(2019) in micro-tidal estuaries in Texas are ortho-
phosphates correlated with chlorophyll-a when 
TSS is less than 50 mg L-1. However, Balali et al. 
(2012) found no significant correlation between 
chlorophyll with phosphate (y = 0.017x +1.519 
R2 = 0.000, r = 0.005, Log Chl a: PO4). The rela-
tionship of chlorophyll to the TP concentrations 
that can increase the prediction of algal biomass 
in lakes has been described by Smith (1982), Dil-
lon (1983) and Jones (1993). 

The equation model from DIP to PIP

Phosphorus is present in both dissolved and 
particulate forms in aquatic environments. The 
dissolved inorganic P (DIP) is preferentially uti-
lized by living organisms. in estuary waters, ap-
proximately 20% of PP adsorbs the phosphate 
(DIP) (Jensen et al. 2006; Li et al. 2017). The use 
of a linear model can be used in describing the 
contribution of PIP to DIP. The results of the anal-
ysis of the linear model equation (Table 4). Table 

4 shows that the relationship between DIP to PIP 
is linear. The Jepara coastal waters have a positive 
correlation in both seasons, while the Semarang 
coastal sea, has a negative correlation. The nega-
tive correlation illustrates that the P in suspension 
is released into waters into the dissolved phase 
(DIP). Phytoplankton will absorb P in the dis-
solved phase (DIP) through the process of photo-
synthesis and bloom rapidly. The biomass indica-
tors of phytoplankton can be determined by the 
chlorophyll-a concentration (Colella et al. 2016). 

Furthermore, the linear model between PIP 
and SPM can be seen in Table 5. The Jepara waters 
have a more linear model in the two seasons, com-
pared to Semarang. Li, et al. (2017) found a simi-
larity in the model of the relationship between PIP 
and SPM in the PRE, the South China Sea, which 
was different in each season and the model had a 
coefficient of determination (R2)> 0.56.

CONCLUSION

The Semarang and Jepara Coastal Seas have 
an important role in regulating the dynamics of 
various species of P, including dissolved inorganic 
phosphate (DIP) and inorganic phosphate parti-
cles (PIP) which greatly affects the concentration 
of chlorophyll-a. The results showed that the DIP 

Table 3. The equation model of the relationship Chl a to DIP
Semarang Jepara

Rainy season Dry season Rainy season Dry season
Chl a = -56.565+76.672(DIP) 

(R2=0.478, p=0.004, n=14 
& r=0.692)

Chl a = 13.498-2.746(DIP)
(R2=0.190, p=0.091, n=14 

& r=-0.436)

Chl a = 3.928+0.050(DIP)
(R2=0.000, p=0.982, n=14 

& r=0.008)

Chl a = -25.844+68.827(DIP)
(R2=0.421, p=0.007, n=14 

& r=0.649)

Note: R – coefficient of determination, r – coefficient of correlaiton, n – total data, p – significance.

Table 4. Model equation of DIP and PIP in the rainy and dry season in Semarang and Jepara coastal waters

Season Semarang Jepara

Rainy season DIP =1.104 - 0.074(PIP) 
with value R2=0.492, p=0.187, n=4 & r =- 0.701

DIP =0.383+0.332(PIP)
with value R2=0.755, p=0.056, n=4 & r=0.869 

Dry season DIP = 0.730 - 0.036(PIP) with value R2=0.265,  
p=0.375, n=4 & r=-0.515

DIP =0.504+0.05(PIP)
with value R2=0.267 p=0.373, n=4 & r=0.516 

Note: R – coefficient of determination, r – coefficient of correlaiton, n – total data, p – significance.

Table 5. Model equation of SPM and PIP in the rainy and dry season in the Semarang and Jepara coastal waters

Season Semarang Jepara

Rainy season PIP = 0.655 + 0.007(SPM) 
with value R2=0.251,  p=0.390, n=4 & r = 0.501

PIP =-2.154+0.046(SPM)
with value R2=0.783, p=0.046, n=4 & r = 0.885

Dry season PIP = 1.769 + 0.029(SPM) 
with value R2=0.08,  p=0.977, n=4 & r =-0.087

PIP =-2.128 + 0.092(SPM) 
with value R2=0.638, p=0.105, n=4 & r= 0.799

Note: R – coefficient of determination, r – coefficient of correlaiton, n – total data, p – significance.
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and PIP values of the Semarang and Jepara waters 
were 0.97 μM (DIP), 1.61 μM (PIP) and 0.50 μM 
(DIP), 2.68 μM (PIP) in the rainy season and 0.76 
μM (DIP), 3.87 μM (PIP) ) and 0.38 µM (DIP), 
3.53 µM (PIP) in the dry season, respectively. The 
DIP concentration of the Semarang waters always 
shows a higher value in the rainy and dry seasons. 
In contrast, the concentration of phosphate inor-
ganic particles (PIP) is always high in the dry sea-
son. The results of the linear model analysis be-
tween chlorophyll a to DIP and SPM showed the 
differences in location and season. The concentra-
tions of DIP together with SPM affect the concen-
tration of chlorophyll-a in both classes of water.
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