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INTRODUCTION

The growth of population, rapid economic 
development in urban areas and increasing inten-
sive use of agricultural land cause an increasing 
of pollution that has a significant impact on the 
aquatic environment (Zhang et al., 2009), estuar-
ies and oceans (Zhang et al., 2014). This nutrient 
input will affect the ecosystem structure, resulting 
in the environmental damage, change in biogeo-
chemical processes and high productivity (Hal-
pen et al., 2008 and Qu 2009).

Common nutrients that are the limiting factors 
for life in the waters are nitrogen (N) and phos-
phorus (P). River flows are a major source of N 
and P to coastal waters and have an important role 

in stimulating biological processes in the waters 
(Gypens et al., 2009) which included the increas-
ing of phytoplankton growth (Carter et al., 2005). 
The high concentrations of nutrients in aquatic 
environments have a positive influence, because 
the phytoplankton production becomes higher. In 
the later stages, it will affect the fish production 
(Jones-Lee and Lee, 2005). On the other hand, 
the negative impacts are the decreasing dissolved 
oxygen, the development of dangerous phyto-
plankton or algae (Howart, 2000) and the chang-
ing species composition (PRED, 2009).

The Jepara waters have fresh water supply 
from several rivers that are characterized by dif-
ferent areas and human activities. The existence 
of this river acts as a supplier of nutrients to the 
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ABSTRACT
River is a location that is responsible for the main transport of nutrient flow from land to estuary and oceans. The 
nutrients that are adsorbed by the solid phase can be deposited and stored in the sediment. Sediments in estuaries 
and beaches have an important role in storing or removing nutrients from or to the water column. The presence 
of nutrients in porewater interacts with sediment and water column. In general, the nutrients that have a role as 
limiting factors for life in the waters are nitrogen (N) and phosphorus (P). The release of N and P elements is very 
important for the estuary and coastal environment, related to the process of regenerating nutrients into the water 
column. The release mechanism is determined by a diffusion process, based on the difference of concentration be-
tween the water column and the porewater. This study aims to determine the concentration of N and P in the pore-
water and estimate the value of flux. The sediment samples were taken from the Wiso and Serang estuary, Jepara. 
The components that were analyzed in the pore​​water are the concentration of N (nitrate, nitrite) and P (phosphate). 
Nitrite, nitrate and phosphate were determined by using sulphanilamide method and the molybdenum blue method, 
respectively. Furthermore, the flux value (F) was calculated based on the Fick’s I Law which was corrected by 
porosity. The results show that the mean concentrations of nitrate (NO3

-), nitrite (NO2
-) and phosphate (PO4

2-) in 
the sediment water of Serang Estuary are 1.96, 1.41, 3.46 μM and in the Wiso estuary are 3.4, 1.85, 8.22 μM. 
In general, based on the calculation of flux, the sediments in the Serang and Wiso estuaries have a positive flux. 
Moreover, the sediment in Jepara acts as a source and releases N and P nutrient into the water column. The Wiso 
estuary has a higher flux than the Serang estuary.
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waters. The result of the research conducted by 
Maslukah (2016) stated that the existence of the 
Pasokan River, Grenjengan Mlonggo, Wiso and 
Serang rivers contributed the nutrients N, P to the 
Jepara waters of 29.56 ton N / month and 2.11 ton 
P/month where the Serang River was the most 
contributed to. As a result, the waters of Jepara, 
which is close to the Serang River, became more 
fertile so the primary productivity is quite high.

The excess of nutrients from the external in-
puts can be deposited in the sediment through the 
adsorption poses from the dissolved phase. The 
sediments in the estuary and coast have an im-
portant role in the environment in terms of stor-
ing or releasing chemical compounds from or to 
the water column (Brigolin et al. 2011; Wallman 
et al. 2008 ; Jin et al. 2012 ; Zhang et al., 2014). 
The release of N and P elements is very important 
for the estuary and coastal environment, related to 
the process of regenerating nutrients into the wa-
ter column. The release mechanism is determined 
by the diffusion process, based on the differ-
ence in the concentration between the water and 
pore columns (Callender and Hammond, 1982) 
as well as by oceanic processes such as currents 
and tides (Warken et al., 2000 and Maslukah et 
al., 2014). The grain size distribution and envi-
ronmental parameters such as depth, salinity, pH 
and dissolved oxygen play a role in controlling 
the release process of nutrients.

Several studies on the N and P nutrients in 
porewater were in some estuaries such as Bohai 
Bay, China (Mu et al., 2016), Yalujiang Estu-
ary (He et al., 2002), Seto Estuary, Japan (Mag-
ni & Montani, 2006) and Gulf of St. Lawrence 
(Thibodeau et al., 2010). Moreover, the research 
relating to the flux was done by Robledo et al. 
(2016) and Mu et al. (2017). The research on flux 
is mostly done with a simulation in the labora-
tory, but still limited based on the calculation 
directly in the field. The information related to 
porewater and its flux based on the field data, 
especially in the waters of Jepara, have never 
been investigated before.

Given the importance of sediments in storing 
chemical elements, it is necessary to know the 
role of sediments in terms of supplying nutrients 
to the water column. This study aims to determine 
the horizontal distribution of P in porewater and 
the flux value in the two different estuaries.

MATERIALS AND METHODS

Research Location

This research was located in two river estuar-
ies, i.e. Wiso River Estuary/W1-W10 (located at 
the coordinate point of 110º 37'18 '' - 110º35'31'' 
E and 6º42'27 '' – 6º41'18,2' 'S) and Serang River 
Estuary/S1-S10 (at coordinate point of 110º34'57'' 
– 110º37'19''E and '' – 6º39’47 –6º42'30 ' 'S). De-
termination of research locations was conducted 
by purposive sampling method which refers to 
the previous research (Maslukah et al., 2016). 
Each location was divided into 10 stations with 
consideration i.e. station 1 in the river, station 2 
and 3 at the mouth of the river, and stations 4 to 
10 in the coastal waters.

Sediment Sampling

The sediment samples were taken using a 
sediment grab (± 25 cm depth). The samples were 
put in a coolbox. Then, in a laboratory, the pore-
water was extracted by centrifugation (4000 rpm) 
Mu et l.. (2017) to analyse the N and P. The con-
centrations of nitrite were determined by using the 
sulphanilamide method (Wetzel & Likens, 1991) 
and nitrate using UV Spectrophotometry in wave-
length 270 & 230, respectively. The P nutrient in 
porewater was determined as orthophosphate us-
ing the ascorbit acid method (APHA, 1992). The 
absorbance values of these two nutrients were de-
termined using Shimadzu 3600 UV-VIS spectro-
photometer, with a 1 cm wide cuvet.

Data Analysis

The patterns of porewater distribution of N 
and P in each estuary were described. The flux 
value (F) was calculated under Fick’s I law cor-
rected by porosity, with equation 1.

F = -ØD dC/dz (1)
where:	 dC/dz = vertical gradient (difference of 

concentration between water columns 
and 2.5–5 cm of interstitial water)

	 D = diffuse coefficient (N= 19.8.10–6 
cm2/s, PO4 = 7,25.10–6 cm2/s)

	 Ø = porosity of the sediments was de-
termined by drying the sediment at 
90°C for 24 hours. Loss of weight di-
vided by wet weight is called Ø (Coredor 
and Morrel, 1985).
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RESULTS AND DISCUSSION

The concentration of nitrate (NO3), ni-
trite (NO2) and phosphate (PO4

2-) in the sedi-
ment water of the Serang Estuary ranged from 
0.3166 – 6.5353 μM (mean of 1,9611 ± 1.8491), 
1.0082 – 2,1948 μM (mean of 1.4097 ± 0.3990) and 
2.6722 – 4,6854 μM (mean of 3,4620 ± 6,8644), 
respectively. On the other hand, in the Wiso estu-
ary, nitrate is in the range of 1,1297 – 6,6653 μM 
(mean 3,4123 ± 1,7990), nitrite ranged between 
1.0288 μM and 2,8417 μM (mean of 1,8474 ± 0,5148) 
and phosphate between 3.2118 μM and 27.5812 
μM (mean 8.2226 ± 7.2620). The data are pre-
sented in Table 1.

The resuls of thet research by Garcia-Robledo 
(2016) that was conducted in a Cadiz Bay (Spain) 
showed that the concentration of nitrate and 
phosphate in porewater are 28.4 μM and 9.2 μM, 
while in the research conducted by Zhang et al. 
(2014), nitrates were found in the range between 
0.42 μM and 29.76 μM. Moreover, the phosphate 
in the range of 0.06–3.36 μM in summer and DIN 
(NO3 + 2-N) at Pearl River Estuary (PRE) reached 
5.23 μM and in Yalujiang Estruary reached 3 μM 
(Ye et al., 2002). The comparison of nitrate and 
phosphate concentrations from other regions is 
presented in Table 2.

On the basis of Table 2, the Wiso estuary has 
a higher nutrient concentration in porewater than 
the Serang estuary. Maslukah (2017) stated that 
the high concentration of dissolved N and P nu-
trients in the Wiso river estuary is closely related 
to its location in the urban center of Jepara Re-
gency. The presence of nutrient concentrations 
in porewater is largely determined by the grain 
size distribution and organic matter. On the ba-
sis of research it was determined that the Wiso 
waters have sand fractionation, with more than 
92% (except in station W6) and the Serang wa-
ters have sediment fractionation in which silt and 
clay are more dominant. The Wiso estuary also 
has a higher organic content. Magni and Montani 
(2006) stated that high organic matter in sediment 
can affect the nutrient concentration in the pore-
water. The data are presented in Table 3.

On the basis of the difference of concentra-
tion between surface water column to sediment 
water, the flux value was then calculated from 
each research station. The flux with a positive 
value means that there is a sediment input to the 
water column; if the value is negative, it is other-
wise. The results show that the sediments of Se-
rang and Wiso Estuaries contribute to the nutrient 
concentration of the water column. In the mouth 
of the Wiso River, there is a great flux value 

Table 1. N, P concentrations in sediment / porewater (µM)

Stations Phospor Nitrate Nitrite DIN (N03+2-N)
s1 ** ** ** **
s2 2.7766 0.7499 1.0082 1.7581
s3 2.6722 2.5195 1.3964 3.9159
s4 4.6855 6.5353 1.8321 8.3675
s5 3.5894 0.8909 1.5447 2.4356
s6 2.7312 1.3510 1.0889 2.4400
s7 2.8182 2.1954 1.1163 3.3118
s8 2.9164 1.6628 1.0779 2.7407
s9 4.6137 0.3166 2.1948 2.5115

s10 4.3552 1.4283 1.4279 2.8562
Average 3.4620±6.8644 1.9611±1.8491 1.4097±0.3990 3.3780±1.9688

w1 8.1861 6.6653 1.6080 8.2734
w2 4.7585 2.2840 1.5856 3.8695
w3 4.6936 3.1069 2.2188 5.3257
w4 5.1904 4.8948 2.1471 7.0419
w5 6.2461 1.1297 2.8417 3.9714
w6 5.1543 2.2214 1.8965 4.1179
w7 12.3111 1.5755 1.0288 2.6043
w8 27.5812 5.0821 2.0263 7.1084
w9 4.8931 4.6144 1.8554 6.4699

w10 3.2118 2.5487 1.2660 3.8147
Average 8.2226±7.2620 3.4123±1.7990 1.8474±0.5148 5.2597±1.8613

** no data.
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compared to the mouth of the Serang river. The 
mean values were 21.88 mmol.m-2.d-1 for total 
N (NO3 + 2) and 5.08 mmol.m-2.d-1 for phosphate, 
while in the Serang estuary, the average flux value 
is 13.21 mmol .m-2.d-1 for N and 13.13 mmol.m-2.d-1 
for P. These data are shown in Table 4. 

Table 4 indicates there are several stations 
that have negative values. This means that the 
station has no nutrient input from the water col-
umn to the sediment. The sediment functions as a 
nutrients sink from the water column, while the 
sediments that have positive values play a role as 
a source of nutrients for the upper water column 
(Zhang et al., 2014). The distribution patterns of 
each nutrient, i.e. nitrate, the total N (NO3+2) and 
sediment phosphates are shown in Figure 1.

CONCLUSION

The results show the concentrations of N 
and P (mean ± standard deviation) in the pore-
water for nitrate, nitrite, and phosphate in the 
sediment water of Serang Estuary were 1.9611 ± 
1.8491 μM, 1.4097 ± 0.3990 μM and 3,4620 ± 
6.8644 μM, respectively, while for the Wiso Estu-
ary in the range of 3,4123 ± 1,7990 μM, 1,8474 
± 0,5148 μM and 8,2226 ± 7,2620 μM, respec-
tively. The results pertaining to the flux value cal-
culations of the sediments for the two sites show 
a value of N nutrient is not high. The N fluxes 
from sediments of Serang and Wiso estuary were 
20.5 kg.m-2.s-1 and 21.21 kg.m-2.s-1, P flux sequen-

Table 2. The concentrations of porewater nutrient at some regions in the world (µM)

Stations DIN (NO2+3-N) PO4-P Source
Gulf of St. Lawrence 2.3–27.5 2–20 Thibodeau et. al (2010)
Seine Estuary - 210.5–631.6 Bally et. al.(2005)
Equatorial Northeastern Pasific 25.8–38.5 1.2–2.5 Ni et. al (2005)
Cape Cod Bay 0–100 Hopkinson et. al. (2001)
Gulf of Lions 5.6–17.0 0.15–4 Denis and Grenz (2003)
Southern Oceans 3.0–58.6 - Hu et. al (2006)
Yalujiang Estuary 3.0 0.8–70.4 Ye et. al. (2002)
Day a Bay 30–230 23–80 He et. al. (2002)
PRE 5.2 1.9 Zhang et. al. (2014)
Bohai Bay, China 8.28–55.9 0.320–1.68 Mu et. al (2017)
Coast of Jepara, Indonesia 1.76–8.37 2.67–27.58 This study

Table 3. Distribution of grain size and total organic carbon (TOC) in sediment

Stations Sand (%) Silt (%) Clay (%) Mud (%) TOC (%)
W1 96.30 1.71 1.99 3.7 0.19
W2 97.71 0.92 1.37 2.29 0.24
W3 94.25 1.77 3.98 5.75 0.19
W4 92.89 6.88 0.23 7.11 0.16
W5 98.35 1.53 0.12 1.65 0.12
W6 ** ** ** ** 0.33
W7 49.38 48.46 2.16 50.62 0.71
W8 94.98 4.98 0.04 5.02 0.24
W9 99.53 0.38 0.09 0.47 0.18

W10 95.03 4.94 0.03 4.97 0.21
S1 ** ** ** ** **
S2 2.71 58.03 39.26 97.29 0.11
S3 4.67 51.74 43.59 95.33 0.11
S4 10.05 56.58 33.38 89.96 0.07
S5 10.00 59.96 30.05 90.01 0.12
S6 13.58 60.02 26.40 86.42 0.13
S7 12.06 59.69 28.26 87.95 0.27
S8 10.06 60.00 29.94 89.94 0.16
S9 7.31 62.12 30.57 92.69 0.17

S10 10.07 57.24 32.69 89.93 0.21

** no data ; S (Serang) ; W (Wiso).
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tially was 22.36 kg.m-2.s-1 and 34.74 kg.m-2.s-1. 
The Wiso Estuary is located in the urban center 
that received higher nutrient input of N, P so the 
result of flux value is higher than in the Serang 

Estuary. On the other hand, the high flux value at 
the mouth of the Wiso River is influenced by the 
grain size of the rougher sediment (percentage of 
sand size > 90%) and higher organic matter.

Table 4. Fluxes of N,P in Serang and Wiso estuaries

Stations dC Porosity Nitrate Flux mmol.m-

2.d-1)
Nitrite Flux (mmol.m-

2.d-1)
DIN Flux (mmol.m-

2.d-1)

Phosphor 
Flux

(mmol.m-2.d-1)
w1 4.85 0.31 7.64 1.50 9.14 4.75
w2 0.68 0.30 1.00 1.34 2.33 2.09
w3 2.03 0.28 21.14 13.51 34.66 1.98
w4 3.75 0.26 35.14 18.32 53.45 2.13
w5 0.001 0.23 0.01 16.33 16.34 1.98
w6 1.13 0.35 2.31 5.40 7.71 3.79
w7 0.49 0.48 1.86 6.49 8.35 17.61
w8 3.89 0.26 4.30 0.91 5.21 11.63
sw9 2.61 0.27 27.75 1.82 29.57 2.04
w10 1.41 0.39 35.15 4.20 39.34 2.83

Average 2.08 0.313 14.29 7.59 21.88 5.08
S1 ** ** ** ** ** **
S2 -0.99 0.50 -4.08 -0.07 -4.15 3.03
S3 0.78 0.48 2.92 1.38 4.30 3.25
S4 5.39 0.28 61.91 1.62 63.53 2.26
S5 -0.35 0.37 -6.94 3.02 -3.92 2.98
S6 0.34 0.44 1.05 2.62 3.67 3.00
S7 1.14 0.46 3.91 3.18 7.09 3.42
S8 0.64 0.50 2.65 3.71 6.36 4.09
S9 -0.68 0.28 35.15 2.68 37.83 2.23

S10 0.43 0.39 1.08 3.11 4.19 3.95
Average 0.75 0.41 10.85 2.36 13.21 3.13

** no data.

Figure 1. Map of Nitrate, Nitrite, N total and Phosphate distribution patterns in porewater sediment of Wiso 
(a, b, c, d) and Serang (e, f, g, h) estuaries
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