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Abstract. Sibelis and Kemiri are two important river estuaries in Tegal City, at the northern
coast of Central Java. Both estuaries have differences in sources of pollution. Pollutants in
Sibelis estuary come from industrial activities, such as the fillet household industry, fishing
ports, and domestic pollution. While pollutants of Kemiri cstuea come from pond fisheries,
agricultural activities, and domestic pollutions. This study elima) assess the water quality of
the Sibelis and Kemiri estuaries during the rainy season based on the Water Quality Index of
the National Sanitation Foundation. The research was done on January—March 2019 (rainy
season) with three sampling stations. Each station was divided into three sites. Eight water
quality parameters were measured i.e. temperature, TDS, TSS, pH, BODs, DO, PO+ and NOs.
The results showed that there was an increasing trend in the NSF WQI Index in Sibelis from
January to March 2019 (48.02 to 51.25) and included in the poor quality category (49.61).
Based on the Indonesian Ministry of Environment Standards (2004), six parameters were out
of standard, namely TDS, TSS, BODs, DO, PO, and NO;. While the results of Kemiri estuary
show a decreasing trend from January to March 2019 (62.36 to 57 .88) and fall into the medium
quality category (62.08). Only four parameters have outside standards i.e. TDS, TSS, PO, and
NOs.

1. Introduction
Water quality is an indicator that reflects not only environmental health but also compliance with the
living conditions of aquatic organisms. Even though the increase in several parameters of water
quality, such as nutrients, has a positive effect on certain organisms [1] but generally biodiversity in
an aquatic environment will decrease with deteriorating water quality. In extreme conditions, there
will be mass mortality leading to the extinction of a certain organism due to decreased water quality
and can not be tolerated by these organisms [2]. Significant changes in water quality will also reduce
the genetic diversity of the environment, and to maintain its sustainability requires good management
of water quality and the environment [3.4.5].

Ecosystem health is the target of various management efforts. The level of health of
mangrove, coral, seagrass and estuarine ecosystems [6.7, 8,9] is strongly influenced by many factors
including water quality [10]. An estuary is one of the habitats that often changes its water quality[11]
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due to the influence of land and sea. Various sources of pollutants from land that are discharged into
the river will flow into the estuarine and change the water quality [12]. Sibelis and Kemiri are two
estuaries in Tegal City that have different sources of pollutants. Pollutants in Sibelis estuary originate
from industrial activities, such as the fish fillet home industry, fishing port, and domestic pollution.
While Kemiri estuary pollutants come from fish ponds, agricultural activities and also domestic
pollution. [13].

National Sanitations Foundation Water Quality Index commonly called as NSF-WQI is
standard tool ass@ment for water quality for all waters monitoring. It has a standard index to get
conclusion about water quality. Understanding the parameters of water quality is important because it
will encourage the implementation of appropriate policies for its management. The problems in an
environmental assessment are generally caused by the measurement of parameters that are described
into various values thafffipnfuse the public and decision-makers [14.15]. A examine the importance of
the NSE-WQI where a water quality index is a tool for assessing the quality of an aquatic environment
then  reviewed the NSF-WQI that developed the parameters to befffine nine parameters
[16.17,18,19.20] which also included in Indonesian regulation for assessing water quality [21]. This
study aims to evaluate water quality at Sibelis and Kemiri estuaries by using NSF-WQI Index.

2. Materials and Methods
2.1. Sampling

Sampling was carried out for three months (January to March 2019) in both estuaries. Sibelis is a low
mixed estuary, while Kemiri is a moderate mixed estuary because the mixing of rivers and seas is
higher [22]. There were three stations and nine substations in each estuary (Figure 1). Station selection
was based many consideration namely the transition location of rivers and coastal zones, therefore, the
entire continuum of the river, estuary and coastal zones were obtained [22,23.24]. This can represent
high mixing as station I, medium mixing (station II), and low mixing (station III).
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Figure 1. Sampling site of Sibelis (a) and Kemiri (b) Estuaries

2.2. Water Quality Parameter

Eight water quality parameters were measured ie. dissolved oxygen (DO), pH, biological oxygen
demand (BODs), nitrate, phosphate, total suspended solids (TSS), total dissolved solids (TDS) and
temperature. These parameters were purposely chosen to assess water quality based on NSF-WQIL.

2.3. NSF-WQI Index Analysis

The water quality was assessed using developed standard index for water quality assessment. Each
individual water quality eter was transformed into a unitless subindex (Qi) value using QQ value
[18.19.20]. The subindex each parameter was multiplied by its weight (Wi) as shown in Table 1.
The mathematical expression used to calculate the overall WQI is given by the equation below,

wQl= Z Wi.Qi

WQI  : Water quality index
w : Weight
Q : Quality of each parameters

The water quality index was divided into five categories (Ott, 1978) i.e. very bad (0-25), bad
(26-50), middle (51-70), good (71-90), and very good (91-100) categories. lice data of fecal coliform
were not obtained the weight of this missing parameter was distributed to other parameters based on
the weight of each parameter in the index.
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Table 1. Weights of water quality parameters

Z,
(=]

Parameters  Weight

== = R

DO
pH
BOD;s
NOs
PO4
Suhu
TDS
TSS

0.19
0.13
0,13
0.12
0,12
0.12
0.10
0,09

3. Results

3.1. Parameter Out of Standard of Sibelis and Kemiri

The results showed that several water quality parameters in both estuaries had exceeded the quality
standards set by the Decree of State Minister Environment Number 51 of 2004. There were six
parameters of water quality in Sibelis that exceed the threshold, namely DO, BOD, Nitrate, Phosphate,
TDS and TSS. See Figure 2 and 3. The value of those parameters were DO at 0,83-1,87 mgL'
(standard 5 mgL"), BOD 34 31-37,14 mgl.'at (standard 20 mgL.'), Nitrate at 0,41-0,62 (standard
0008 mgL"), and Phosphate at 140-1,14 mgL"' (standard 0,015 mgL'), TDS 2281,67-2535.67
(standard 500 mgL"), and TSS 75.87-81.20 (standard 20 mgL").
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Figure 2. Changes of water temperature, pH, BOD, DO, phosphate and
nitrate in Sibelis
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Figure 3. Changes parameters of TDS and TSS in Sibelis
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On the other hand, only four water quality parameters in Kemiri exceed the ministry's standard
threshold namely TDS, TSS, Nitrate, and Phosphate. The measurement results of the three parameters
are as follows: TDS 499 33-675,00 (standard 500 mgL."), TSS 79,27-81,03 (standard 20 mgL'),
Nitrate 2,11-1,68 (standard 0,008 mgL"') and PO, at range 2,08 to 1,96 mgL"! (standard 0,015 mgL™!).
See Figure 4hd 5.

The results of this study indicate that the quality of water in the rainy season from Kemiri is
relatively better compared to the quality of Sibelis estuary water. This condition is likely because the
source of pollutants from Sibelis is greater than Kemiri. The difference between the two is in the
dissolved oxygen content and BODs which shows low DO and high BODs in Sibelis. One source of
pollutants is thought to be fish fillet waste, which according to the production process still does not
pay attention to the impact on the environment [25]. Although the Waste Water Treatment Plant
(IPAL) has been prepared, it has not been optimally utilized. The high value of BODs indicates the
high level of organic waste entering the waters also thought to originate from agricultural and
domestic waste [26].
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Figure 4. Changes of water temperature, pH, BODs, DO, phosphate and nitrate in Kemiri
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Figure 5. Changes parameters of TDS and TSS in Kemiri

The nutrient content of nitrate and phosphate was found to exceed quality standards both in
Sibelis and in Kemiri. This condition is thought to be caused by the existence of milkfish farming in
the watersheds of the two estuaries. As reported that fish farming activities also affect the nutrient
content in the waters. The increase in nutrient content is due to the use of excess fish or shrimp feed in
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aquaculture. This is evident from the higher nitrate and phosphate concentrations in Kemiri than in
Sibelis. i.e 2.08 mgL"'and 2.11 mgL'comparing Sibelis at 1.40 mgL"' and 0.41 mgL"', respectively,
because the pond area in Kemiri is wider.

3.2. NSF-WQI Index

Water Quality Index has been developing @hice 1965 and is widely used in various countries to see the
quality of water, with various variations (lised on physical, chemical and biological measurements
[27]. In Canada, for example, using the Canadian Council of Ministers of the Environment Water
Quality Index [28]. Although the use of WQI with some water quality parameters is still considered
imperfect however, this method is widely applied [29,30,31]

Based on the NSF-WQI score, there was an increase in trends in Sibelis estuary from January
to March 2019 (48.02 to 51.25) at the level of 49.61 including the poor quality category. On the other
hand, in Kemiri estuary there was a decline in trends (62.36 to 61.59) at the level of 63.31 included in
the category of moderate quality (Figure 6). These results also show that the water quality of the
waters of the Kemiri estuary is relatively better cEpared to the Sibelis estuary. This condition is also
in line with the results of comparing the values of water quality parameters when viewed from the
quality standards of the Ministry of Environment.
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Figure 6. Rate of WQI value in Sibelis and Kemiri estuaries.

In Sibelis, WQI values show an upward trend with the same pattern for each station, except
station I which is decreasing and the trend is stable at 50.96. See Figure 7. The increase in WQI value
can be influenced by many of the standard parameters, such as TDS, TSS, BOD;s, DO, Nitrate and
Phosphate. Based on time series data, TDS, TSS, and PO4 have a linear relationship with WQI values.
A decrease of three parameters can increase the value of WQI from January to March 2019. This can
affect the index to increase during the study.
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Figure 8. Changes in TDS (a), TSS (b) and PO4(c) values in relation with WQI in Sibelis

Whereas in Kemiri, the WQI value showed a decreasing trend except for station I which
tended to rise to 69.66 (Figure 9). The downward trend can also be influenced by many parameters
such as TDS, TSS, nitrate, and phosphate. Based on time series data, TDS has a linear relationship
with the WQI value. There is an increase in the TDS parameters and follow the decline in WQI values
from January to March 2019 (Figure 10). This can affect the index to decrease during the study.
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Figure 9. Changes in WQI at each station in Kemiri
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Figure 10. TDS relation with WQI value in Kemiri

4. Conclusion

Water quality in the rainy season at the Kemiri estuary is relatively better compared to the Sibelis
estuary. There are 4 and 6 parameters of water quality at the Kemiri and Sibelis estuaries that exceed
the quality standards of the Ministry of Environment Regulation 2004. This is also evident from the
NSF-WQI values at the Kemiri estuary that is higher than the Sibelis estuary.

Acknowledgment
Authors would like to thanks to Task Force of Gemilang Mina Jaya, Tegal City for getting the water
sample and Health Laboratory Office of Tegal City for analyzing the samples

References

[1] Ambariyanto and Hoegh-Guldberg, O. 1996. Nutrient enrichment and the ultrastructure of
zooxanthellae in giant clam, Tridacna maxima. Marine Biology 125: 359-363.

[2] Ambariyanto A, 2017, Conserving endangered marine organisms: causes, trends and challenges. In
IOP Conference Series: Earth and Environmental Science . 55(1): 012002. IOP Publishing




The 6th International Conference on Tropical and Coastal Region Eco-Development T0P Publishing
I0OP Conf. Series: Earth and Environmental Science 750 (2021) 012013 doi:10.1088/1755-1315/750/1/012013

[3] Yanda P Z and Madulu N F, 2005. Water resource management and biodiversity conservation in
the Eastern Rift Valley Lakes, Northern Tanzania. Physics and Chemistry of the Earth, Parts
A/BIC, 30(11-16): 717-725.

[4] De'ath G and Fabricius K., 2010. Water quality as a regional driver of coral biodiversity and
macroalgae on the Great Barrier Reef. Ecological Applications, 20(3): 840-850.

[5] Jackson A M, Ambariyanto A., Erdmann M V, Toha A H A, Stevens L. A. and Barber P H, 2014.
Phylogeography of commercial tuna and mackerel in the Indonesian Archipelago. Bulletin of
Marine Science, 90(1):471-492.

[6] Cooper J A G., Ramm, A E. and Harrison, T D , 1994. The estuarine health index: a new approach
to scientific information transfer. Ocean & Coastal Management, 25(2): 103-141.

[7] Ben-Tzvi O., Loya Y.and Abelson, A., 2004. Deterioration Index (DI): a suggested criterion for
assessing the health of coral communities. Marine Pollution Bulletin, 48(9-10): 954-960.

[8] Prasetya JD, Supriharyono, Ambariyanto, and Purwanti, F. 2017a. Diversity based bustainable
management for seagrass ecosystem: Assessing Distribution and Diversity of Seagrass in
Marine Protected Area. Advanced Science Letters, 23(3): 2413-2415.

[9] Riniatsih I, Ambariyanto A, Yudiati E, Hartati R., Widianingsih W. and Mahendrajaya R T, 2019,
February. Diversity species and condition of seagrass ecosystem in Teluk Awur and Prawean
Jepara. In IOP Conference Series: Earth and Environmental Science. 236(1): 012052. IOP
Publishing

[10] Cota L. Goulart M, Moreno P and Callisto M., 2002. Rapid assessment of river water quality
using an adapted BMWP index: a practical tool to evaluate ecosystem health. Internationale
Vereinigung fiir theoretische und angewandte Limnologie: Verhandlungen, 28(4):1713-1716.

[11] Garcia-Barcina J M , Gonzilez-Oreja, J A and De la Sota A, 2006. Assessing the improvement of
the Bilbao estuary water quality in response to pollution abatement measures. Water Research,
40(5): 951-960.

[12] Daoji L and DalerD., 2004. Ocean pollution from land-based sources: East China Sea, China.

Ambio, 33(1-2): 107-113.
[13] Environment Report. 2017. Environmental report for Sibelis and Kemiri River Tegal City. Tegal
City Government.

[14] Dewi R , Anwar H., Asiah R P, Arum P H. 2016. Selecting the parameters and subindex curve on
water qualityilndex. Ecolab,10(2): 47-102

[15] Nowbuth M ., and Moonshiram Y B. 2009. Water Quality Indexing for Predicting Variation of

Water Quality Overtime. Research Week 2008.

[16] Al Mutairi N., Abahussain A., El battay A. 2014. Application of water quality index to Assess
the environmental quality of Kuwait Bay. Biological and Environmental Sciences (AABES
2014).

[17] House M A. 1990. Water quality indices as indicator ecosystem change. Journal of environmental
monitoring and assessment. Kluwer Academic Publishers. April. 336-344 pp.

[18] Ot W. 1978. Water Quality Indices, A Survey of Indices Used In The United States.

Environmental Monitoring Series. EPA. 120 pp.
[19] Horton R K. 1960. An index-number system rating water quality. Journal of the water pollution
control federation. 37(3): 300-306

[20] Brown R M , Mcclelland N I , Deininger R A.Tozer R G. 1970. A water quality index. do we

dare?, water and sewage works. October.

[21] Decree of Ministry of Environment Standards.2004. Third Appendix of decree. Standard quality

of sea water for marine biota. State Ministry of Environment of Republic Indonesia.
[22] Supriadi. 2001. Tropic Estuari Dinamics. Journal of Oceanography XXVI (4): 1 — 11.
23] Domingues R B. 2012. Phytoplankton composition, growth and production in The Guadiana
Estuary (SW Iberia): Unraveling changes induced after dam construction. Science of the
Total Environment 416: 300-313.

[24] Muylaert K. Sabbe, Vyverman. 2009. Changes in phytoplankton diversity and community
composition along the salinity gradient of the Schelde Estuary (Belgium/The Netherlands).
Estuarine Coastal and Shelf Science. 335 — 340 pp.




The 6th International Conference on Tropical and Coastal Region Eco-Development T0P Publishing
I0OP Conf. Series: Earth and Environmental Science 750 (2021) 012013 doi:10.1088/1755-1315/750/1/012013

[25] Wibowo T S, Purwanto, and Yulianto B. 2013. Pengelolaan Lingkungan Industri Pengolahan
Limbah Fillet Ikan. Prosiding Seminar Nasional Pengelolaan Sumberdaya Alam dan
Lingkungan 2013. ISBN 978-602-17001-1-2, pp: 547-550

[26] Salim A G. and Dharmawan I W 8. 2017. Analisis Kualitas Air Sungaidi DAS Citarum Bagian
Hulu. In: Mulyanto, B., and Dharmawan, LW.S. (ed). Bunga Rampai Pengelolaan Lahan
danAir Berkelanjutan dengan Melibatkan Masyarakat. Bogor, Indonesia: Forda Press. pp:
49-62.

[27] Lumb A., Sharma, T.C. and Bibeault, J.F., 2011. A review of genesis and evolution of water
quality index (WQI) and some future directions. Water Quality, Exposure and Health, 3(1),
pp.11-24.

[28] Hurley T, Sadiq R and Mazumder A., 2012. Adaptation and evaluation of the Canadian Council
of Ministers of the Environment Water Quality Index (CCME WQI) for use as an effective
tool to characterize drinking source water quality. Water Research, 46(11), pp.3544-3552

[29] Fernéndez-Cavia J, Rovira C, Dfaz-Luque P and Cavaller V., 2014. Web Quality Index (WQI)
for official tourist destination websites. Proposal for an assessment system. Tourism
management perspectives,9: 5-13

[30] Logeshkumaran A, Magesh N S., Godson, P S and Chandrasekar N., 2015. Hydro-geochemistry
and application of water quality index (WQI) for groundwater quality assessment, Anna
Nagar, part of Chennai City, Tamil Nadu, India. Applied Water Science, 5(4): 335-343.

[31] Varol S and Davraz A., 2015. Evaluation of the groundwater quality with WQI (Water Quality
Index) and multivariate analysis: a case study of the Tefenni plain (Burdur/Turkey).
Environmental Earth Sciences, 73(4): 1725-1744.




Water Quality Assessment Based on National Sanitations

Foundation Water Quality Index during Rainy Season in Sibelis
and Kemiri Estuaries Tegal City

ORIGINALITY REPORT

/s

SIMILARI

% 7% %

TY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY S

OURCES

Day, J J, )] C Hargreaves, ] D Annan, and A Abe-
Ouchi. "Sources of multi-decadal variability in

Arctic sea ice extent", Environmental Research
Letters, 2012.

Publication

2%

Ashok Lumb, T. C. Sharma, Jean-Francgois
Bibeault. "A Review of Genesis and Evolution
of Water Quality Index (WQI) and Some Future
Directions", Water Quality, Exposure and
Health, 2011

Publication

(K

P L Taylor. "Energy gaps in disordered
systems", Proceedings of the Physical Society,
1966

Publication

T

"The Nile River", Springer Science and
Business Media LLC, 2017

Publication

T




5

Sarah M. Ahmed, Omer M.E. Taha, Mohamed
A. Najemalden, Rehab T. Ahmed, Ali A.
Abedulwahab. "Assessment of Lower Zab
river water quality using both Canadian Water
Quality Index Method and NSF Water Quality
Index Method", Scientific Review Engineering
and Environmental Studies (SREES), 2020

Publication

T

A. GALVEZ, M. ZAMORANO, A. RAMOS, E.
HONTORIA. "Coagulation-Flocculation
Pretreatment of a Partially Stabilized Leachate
From a Sanitary Landfill Site at Alhendin
(Granada, Southern Spain)", Journal of
Environmental Science and Health, Part A,
2005

Publication

<1%

Ismail Maqgbul, Farrahdiba Yossan Fahrezi,
Ersya Nurul A Bakhri, Indri Verawati et al.
"Environmental DNA biomonitoring revealed
species diversity of Cnidarian and Poriferan
across Jakarta Bay and Seribu Islands
National Park", Research Square Platform LLC,
2021

Publication

<1%

Akram Seifi, Majid Dehghani, Vijay P. Singh.
"Uncertainty analysis of water quality index
(WQI) for groundwater quality evaluation:

<1%



Application of Monte-Carlo method for weight

allocation", Ecological Indicators, 2020

Publication

K H H Niroshana, H B Asanthi, PBTP
Kumara. "An assessment of water quality and
pollution in Puranawella fishery harbour,
Dewinuwara, Sri Lanka.", Journal of the
University of Ruhuna, 2013

Publication

<1%

John-Mark Davies. "Application and Tests of
the Canadian Water Quality Index for
Assessing Changes in Water Quality in Lakes
and Rivers of Central North America", Lake
and Reservoir Management, 2006

Publication

<1%

Nawaf Al-Mutairi, Asma AbaHussain, Ali El-
Battay. "Spatial assessment of monitoring
network in coastal waters: a case study of
Kuwait Bay", Environmental Monitoring and
Assessment, 2015

Publication

<1%

Renjith VishnuRadhan, Jerome Sagayadoss,
Ebin Seelan, Ponnumony Vethamony et al.
"Southwest monsoon influences the water
quality and waste assimilative capacity in the
Mandovi estuary (Goa state, India)",
Chemistry and Ecology, 2015

Publication

<1%




Ebenezer Ashun, Kenneth J. Bansah. <1

n . . . %
Groundwater quality index of Upper Athi

River Basin in Kenya", International Journal of

Global Environmental Issues, 2017

Publication

Mahdi Farzadkia, Babak Djahed, Esmaeel <1 o
Shahsavani, Yousef Poureshg. "Spatio-
temporal evaluation of Yamchi Dam basin
water quality using Canadian water quality
index", Environmental Monitoring and
Assessment, 2015
Publication
Al-Kalbani, Mohammed Saif, Martin F. Price, <1 o

Mushtaque Ahmed, Asma Abahussain, and
Timothy O'Higgins. "Water Quality
Assessment of Aflaj in the Mountains of
Oman", Environment and Natural Resources
Research, 2016.

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



