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Abstract—Lubuk Lampam is one of floodplain rivers area 

and part of this region had been determined as fisheries 

reserve. It is important to keep the sustainability of the 

ecosystem as floodplain fish resources. The main problem in 

this area is water quality degradation that was caused by both, 

natural and anthropogenic substances. The aims of this study 

are to determine water quality status and pollution level of the 

waters, related to the water level fluctuation (flooding periods) 

and pollutants from oil palm plantations and crude palm oil 

industry.  Water quality status is determined using two 

methods based on Indonesian goverment regulation, i.e. water 

pollution index (WPI) and STORET index. The results 

indicated that Lubuk Lampam floodplain rivers is lightly-

moderately polluted based on WPI value, while based on 

STORET method, the status is moderately-highly polluted.  

 

Index Terms—Floodplain rivers, Lubuk Lampam, pollution, 

pollution index, water quality. 

 

I. INTRODUCTION 

Lubuk Lampam is one of floodplain arealocated adjacent 

to River Lempuing as part of the main River Musi system 

inSouth Sumatera Indonesia. This area is important for local 

economic growth resulted especially from fisheries and 

agricultural activities. In order to sustain fisheries resources 

in the floodplain, the goverment has determined several sites 

within the floodplain to be fisheries reserves, i.e. Lebung 

Proyek, Suak Buayo, and Kapak Hulu (Fig. 1).  

The floodplain rivers are often disturbed by agricultural 

development [1]. Diffuse pollution of freshwater, 

particularly from urban and agricultural land is an on-going 

problem on floodplain  [2]. The main reason for agricultural 

development of wetland is the fertile or nutrient rich soils in 

floodplain area, their proximity to a water source and acces 

to water ways [3]. Land use and land cover change has 

relationship with water quality. Deforestation due to 

agricultural activities and increasing demand for settlement 

imposed threat on water quality degradation [4].    

In recent years, extensification of oil palm plantation and 

industry of crude palm oil is increasing so that reduced the 

floodplain area. Based on analysis using GIS and remote 

sensing from Landsat image and Worldview data of 2001 
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and 2013, it is found that the area of Lubuk Lampam 

floodplain has decreased about 74.3 ha for oil plam 

plantation, and this is not include the area used for water 

channels of oil palm plantation that running across from 

flooded grasland to the Lempuing river (Fig. 1).  

Pollutant and contaminant runoff from oil palm 

plantations are pesticide (mainly herbicide), organic 

substances from fertilizer and any other chemicals for 

agriculture. The palm oil industry produces a wide variety of 

wastes in large quantities as liquid and solid wastes. Liquid 

wastes arise from oil extraction and processing, while the 

solid wastes are the leaves, trunk, decanter cake, empty fruit 

bunches, seed shells and fibre from the mesocarp. Liquid 

wastes of crude palm oil commonly referred as palm oil mill 

effluent [5]. Fresh palm oil mill effluent (POME) 

characterized by high ammount of total solid (40,500 mgL-

1), oil and grease (4,000 mgL-1), Chemical Oxygen Demand, 

COD (50,000 mgL-1) and Biological Oxygen Demand, BOD 

(25,000 mgL-1) [6]. 

These anthrophogenic substances have potentially 

negative effects on the water quality of Lubuk Lampam 

area. On the other hand, the water quality of floodplain has 

natural behaviour related to its water level fluctuation as 

indicator of seasonal flooding [7]-[9]. The morphology and 

water level fluctuation of Lubuk Lampam had been reported  

[10], [11]. Unfortunatelly, there is a general lack of 

information about the effect of the anthropogenic substances 

and decreasing of foodplain area on the water quality of 

floodplain related to the seasonal flood periods. Hence, the 

objective of this paper is to determine the water quality 

status and its relationship to the water level of floodplain 

area. By studying the relationship between water quality and 

water level change, issues on sustainability can be addressed 

and integrated with water protection strategies. 

 

II. METHODS 

Lubuk Lampam, with an area of 12.000 ha, located in the 

Ogan Komering Ilir Regency, South Sumatera,Indonesia 

(Fig. 1).From land to river side, the type of habitats Lubuk 

Lampam consists of dry land forest (talang), swamp forest 

(rawang), flooded grassland (lebak kumpai),  and river 

segments. Inside of flooded grassland, there are permanent 

floodplain pools (lebung). Each type has different 

inundation periods. During rainy season, all of these area are 

inundated by water except dry land forest, therefore, the area 

merge as one unit of aquatic ecosystem. In dry season, all 

areas become dry, but floodplain pools and main river. 

Based on the different in inundation periods, sampling sites 

are determined as follows: 1) upper channel of river 

Lempuing namely Kapak Hulu (KH), 2) flooded 
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grassland(LK1), 3) natural floodplain pools Suak Buayo 

(SB), 4) man made floodplain pools Lebung Proyek 

(LP),5)river channel from oil palm plantation (CP), 6) 

flooded grassland (LK2), and 7) downstream of river 

Lempuing namely Lempuing Hilir (LH) (Fig. 1). 

Sampling campaign was conducted for a year from 

November 2012 to November 2013.Samples of water were 

collected monthly except for anthropogenic substances (oil 

and grease, detergent) that were collected four times 

(beginning of inundation, inundation periods, highest water 

level and low water level). Whereas, the anthropogenic 

substances paraquate and glyphosphate were collected three 

times (beginning of inundation, highest water level and low 

water level). The water level data were collected weekly 

from seven different stations,however, in dry periods, the 

data only from five stations (the flooded grassland was dry). 

Temperature, pH, water depth, conductivity,  dissolved 

oxygen (DO) and Secchi disc visibility were observed 

during the sample collection (insitu). Samples for total 

nitrite,  nitrate, COD, BOD5, orthophosphate, alkalinity, oil 

and grease, detergent and herbicide (paraquate and 

glyphosphate) were stored in polyethylene bottles (except 

for oil and grease measurement, water samples store in glass 

bottles and BOD in BOD bottles). Water samples kept 

nearly at about 4oC, and delivered immediately to the 

laboratory and determined according to the APHA standard 

methods [12].   

Nemerow & Sumitomo’s WPI is one of the method to 

evaluate water quality in an ecosystem [13]-[16], which was 

originally developed in the United States in the 1970’s. 

Later, it was adopted by the Indonesia Ministry of 

Environment  in the Ministerial Decree No.115/2003 [17], 

which addresses guidelines to determine the water-quality 

status. The WPI is a function of Ci/Lj, where Ci represents 

the concentration of parameter i and Lj represents the 

concentration permissible value (PV) of parameter. The 

WPI for a specific water use j (WPIj) is further expressed by 

the following equation : 

 

WPI =   = 1
𝑛

𝑖

 
(𝐶𝑖/𝐿𝑖𝑗 )𝑚𝑎𝑥

2 + (𝐶𝑖/𝐿𝑖𝑗 )𝑎𝑣𝑒
2

2
 

     

where, Ci is the measured concentration of ithparameter, Lij is 

thepermissible value (PV)of the ithparameter for jthwater 

usage (i.e.fisheries), and (Ci/Lij)maxand (Ci/Lij)ave are maximum 

and average values of Ci/Lij for the assigned water usage, 

respectively. The PV used in this study is based on 

Indonesian Goverment Regulation No. 82/2001, especially 

for fisheries water usage [18].The computation result of 

WPI then classified as one of the 4 catagories as follows: 

0.0 ≤ WPI ≤ 1.0 = not polluted (meets the PV criteria) 

1.0 < WPI ≤ 5.0 = lightly polluted water 

5.0 < WPI ≤ 10 = moderately polluted water 

WPI > 10 = highly polluted water 

STORET method was used in order to evaluate water 

quality status of water area [19]-[22] . STORET method 

widely used by goverment and non-goverment agencies 

based on Indonesia Ministry of Environment’s Decree 

No.115/2003 [17] regarding the guidance in determining 

water quality status. The basic concept of STORET index is 

comparingeach of the water quality data to its standard and 

then scored. The scoring value based on US-EPA (United 

Sate-Environmental Protection Agency) system. This 

method needs average, minimum and maximum values of 

each water  quality parameters and therefore need several 

data (time series data) for each sampling points. The 

scoringis assigned 0 if the water quality data werein 

compliance with PV, whereas if the water quality data were 

above or not in compliance with PV, the score were as 

presented in Table I. 

 

 

 
Fig. 1. Study area and sampling stations in LubukLampam Floodplain: 

Kapak Hulu (KH), flooded grassland 1 (LK1), Suak Buayo (SB), Lebung 

Proyek (LP), channels of oil palm plantations (CP), flooded grassland 2 

(LK2), and Lempuing Hilir (LH), Flooded grassland (FG), swamp forest 

(SF), Lempuing river (LR), and  Oil palm plantation (OP). 

 
TABLE I: SCORING OF EACH WATER QUALITY PARAMETERS VALUE THAT 

WAS NOT IN COMPLIANCE WITH PERMISSIBLE VALUE (PV) FOR LESS THAN 

10 DATA POINTS USED (CANTER [23]) 

Water quality 

parameter value 

Score for 

Physical   

parameter 

Chemical 

parameter 

Biological 

parameter 

Maximum 

Minimum 

Average 

-1 

-1 

-3 

-2 

-2 

-6 

-3 

-3 

-9 

 

The sum of all negatif scores of all parameters is 

calculated to obtain the STORET Index, then the status of 

water quality determined according to the following 

Station 

Lempuing rivers 

Boundary 

Direction of current flow 

 

 

  Map Source : 

1. Digital map of Indonesia earth, 

scale 1: 50.000, 2010 

2. Worldview, 2013 

3. On screen digitation, 2013 

4. Sampling, 2013 
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classification: 

0 = not polluted 

-1 to -10 = lightly polluted 

-11 to -30 = moderately polluted 

More than – 30 = highly polluted 

 

III. RESULTS AND DISCUSSION 

Water level fluctuation in a year (Fig. 2) showed that 

during the implementation of research the inundation occurs 

almost  all year around and there was no dry period in 

flooded grassland. In some occasion the water level in 

flooded grassland were close to zero point, however there 

was no indication of dry season. In the normal year, where 

the different between rainy and dry season is clearly, the 

flooded grassland area is void of water during dry season. 

Based on Fig. 2, it is shown that the inundation cycle of 

inundation mostly occurs every two months. In flooded 

grassland,the inundation periods occurs from late December 

2012 until the end of May 2013, and the low water level 

periods occurs from late of May 2013 until November 2013. 

This periods was different with fluctuation of average 

water level fluctuation from 1989 to 2000 on river bank of 

Lempuing River on the segment at the central of Lubuk 

Lampam (Fig. 3) [11]. As in [11], inundation periods occurs 

from late of October until late of June (water level started to 

increase in October to November, highest water level was 

observed in December – April, water level was decrease in 

May-June)  and the drought periods from the late of June 

until begining of October (lowest water level observed in 

August-September).  
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Fig. 2. Water level on sampling location in a year. 

 

 
 

Fig. 3. Water level fluctuation (source : Utomo et al. [20]). 

 

The WPI is applied for evaluating water quality of seven 

locations, monthly, at different water level (Fig. 4). The 

results demonstrated that waters in the floodplain area (KH, 

SB, LP, CP and LH) were highly polluted after highest 

water level periods in February 2012, while water quality on 

FG was quite good or meets the PV criteria. Highly polluted 

water was observed in these area in December 2012 when 

water level increasedin the beginning of inundation periods.  

Water quality in most ofthe observation stations were 

classified as lightly polluted water all year around exceptfor 

March 2013 at which  most of the stationswerein 

moderatelly polluted water (Table II). 
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Fig. 4. WPI related to water level at all stations in a year (November 2012 – 

November 2013. 
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TABLE II: NUMBER AND PERCENTAGE OF STATIONS CLASSIFIED INTO WPI 

CLASS 

 

 

 

Month, 

Year 

 

 

 

season 

Number and percentage of stations for WPI 

class 

clean 

water 

(meets 

the PV 

criteria) 

lightly 

polluted 

water 

moderately 

polluted 

water 

highly 

polluted 

water 

Nov-12 Dry 0 (0%) 5 (100%) 0 (0%) 0 (0%) 

Dec-12 Flood 0 (0%) 4 (57%) 3 (43%) 0 (0%) 

Jan-13 Flood 0 (0%) 7 (100%) 0 (0%) 0 (0%) 

Feb-13 Flood 0 (0%) 7 (100%) 0 (0%) 0 (0%) 

Mar-13 Flood 0 (0%) 2 (29%) 5 (71%) 0 (0%) 

Apr-13 Flood 2 (29%) 5 (71%) 0 (0%) 0 (0%) 

May-13 Dry 0 (0%) 5 (100%) 0 (0%) 0 (0%) 

Jun-13 Dry 0 (0%) 5 (100%) 0 (0%) 0 (0%) 

Jul-13 Dry 0 (0%) 4 (80%) 1 (20%) 0 (0%) 

Aug-13 Dry 2 (40%) 3 (60%) 0 (0%) 0 (0%) 

Sept-13 Flood 1 (14%) 6 (86%) 0 (0%) 0 (0%) 

Oct-13 Flood 1 (14%) 6 (86%) 0 (0%) 0 (0%) 

Nov-13 Flood 1 (14%) 6 (86%) 0 (0%) 0 (0%) 

Numbers in front of percentage are number stations that include in the 

categories, total number of stations are seven in flood season whereas in 

dry season are five station 

 

On March 2013, in the following of highest flood event, 

water in most stations were classified as moderately polluted 

except for water in flooded grassland (FG) that observed 

containing higher concentration of nitrite in that time (Fig. 

5). Meanwhile, at FG in the early of inundation on 

December 2012, it was observed a higher concentration of 

oil and grease that causing the moderately polluted status 

(Fig. 6). Nitrite was one of intermediate form of nitrogen in 

nitrification process. Nitrite is converted from ammonia by 

bacteria, however, the nitrite is usually converted further  to 

nitrate very rapidly. Nitrite consentration above 0.02 mg/l  

usually indicate polluted waters [24]. One of the sources of 

nitrite is the organic compound from  flooded grassland and 

swamp forest that was inundated whenever highest water 

level occur. The flood carries suspended or soluble organic 

and inorganic matter from these area and spreads to all of 

floodplain area. Flood has an impact on the nutrient status in 

the floodplain [8]. As the river water level increases, it 

flooded extensive areas and unloading its nutriet rich 

sediment [3]. During the flood season, there is connection 

between the river, channels oil palm plantation and the 

floodplain, and causing the water in this plain receives a lot 

of nutrients, due to the quick vegetation remains and  

humification forest layer decomposition [25]. In addition, 

the nitrogen from channels of plantation distibuted to all of 

the area.  

The highest concentration of oil and grease on December 

2012 may come from the oily wastewater  produced during 

oil extraction process in palm oil mill. Reference [26] stated 

that wastewaters containing high concentration of oil and 

grease are increasing in volume due to the expansion in the 

oil processing industries. The oil and grease subtances may 

spread out to the area of floodplain. The flooding would 

increase the water volume, therefore the consentration of oil 

and grease was decrease at inundation periods.   

An annual water quality status in Lubuk Lampam was 

evaluated based on the WPI and STORET methods (Fig. 7 

and 8). WPI showed that water quality status at all stations 

are classified as lightly and moderately polluted, while 

based on STORET aremoderately and highly polluted.  

Based on STORET method, as can be observed from the 

graph (Fig. 9), the concentration of some water quality 

parameters were above the permissible values. The 

parameters were  nitrite, orthophosphate, BOD, COD, and 

oil and grease. In addition, pH values at almost all observed 

stations were below the minimum permissible value.  This 

might be considered as natural condition, since one of the 

floodplain characteristics was acidic water due to humic 

acid environment [7]-[27]. 
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Fig. 5. Nitrite concentration. 
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Fig. 6. Oil and grease concentration (no observation from March 2013 to 

June 2013). 

 

 
Fig. 7. The status of water quality in Lubuk Lampam floodplain  for a year 

evaluated based on the WPI method. 

 

 
Fig. 8. The status of water quality in Lubuk Lampamfloodplain  for a year 

evaluated based on STORET method. 
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Fig. 9. Seasonal mean of concentrations (average, maximum, minimum) 

and permissible value of water quality parameters from all of station 

sampling. 

 

Both WPI and STORET methods (Fig. 7 and 8) 

demonstrated that station LP, CP, and LH were more 

polluted in dry periods than in inundation periods except for 

KH and SB that shown in contrary condition. The level of 

pollution in station LP (man made floodplain that has no 

connection with the river in the dry periods), CP (Channel of 

palm-oil plantation) and LH (downstream at Lubuk 

Lampam) affected by connectivity among floodplain area. 

Water quality was better during inundation compared to dry 

periods when there is connectivity among areas allowing 

water to mix and exchange, decreasing  the concentration of 

pollution level of water. On the contrary,  at the dry periods 

when there is no connectivity, there is also no water 

exchange and therefore, the pollutant more concentrated at 

the area. The stations of KH and SB (upper river  and 

natural flooded) are the locations at which in inundation 

periods most likely not only affected by water quality from 

flooded grassland area but also from the upstream before 

Lubuk Lampam area, whereas in dry periods when there is 

no connection between the stations and flooded grassland, 

the locations are affected only by water quality from the 

upstream. Water in the flooded grassland (FG) was also 

classified as polluted, however unlike  the other stations, the 

level of pollution in this area was lower than most of 

stations (except LH). 

The two methods gave the different conclusions of 

pollution status of the floodplain area.  Firdaus and 

Nakagoshi [5] also support this finding and stated that the 

different result between the two methods occurs because of 

different principles of data input in calculation. Each of the 

two methods have advantages and disadvantages (Table III), 

however, for the environmental interest the STORET 

method gave a better precaution than the WPI method. 

Either ways, it is important to emphazise that the floodplain 

area including the fisheries reserve was already polluted and 

need to be managed in maintaining the sustainability of 

floodplain fish resources.  

 

TABLE III: THE ADVANTAGES AND DISADVANTAGES OF WPI AND STORET METHODS  

 Methods 

WPI STORET 

Advantages - Can be applied using single data or 

observation, therefore, the water quality 

status of  each point and each observation 

can be determined 

- Contaminant intensity known directly 

- The calculation method is simpler and faster 

- Easy to identify which contaminant causing 

pollution 

- More sensitive and representative 

Dis-advantages - Less sensitive  

- The calculation more complex, involves 

many steps 

- Need more than one data set (time series data or 

several data from several points in the area)  

- Can not be applied for single data set 

 

IV. CONCLUSIONS 

The water quality status of Lubuk Lampam floodplain 

area is polluted, especially in the beginning of inundation 

periods and after the highest water level. Based on the 

results of two methods, there were different status of 

pollution level of the floodplain, namely lightly-moderately 

polluted (WPI) and moderately-highly polluted (STORET). 

Nitrite and anthropogenic substances oil and grease were the 

major parameters causing the pollution based on WPI, while 

pH, nitrite, orthophosphate, BOD, COD, and anthropogenic 

substances (detergent,oil and grease) were not in 

compliance with permissible value and causing pollution 

based on STORET method. 
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