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Abstract: Phosphorus is the nutrient that is responsible for eutrophication in reservoirs and lakes. Batang Ai
Hydroelectric Dam Reservoir has been used for aquaculture for 20 years. However, little information is available
on phosphorus concentration in the reservoir. Therefore, in this study, different forms of phosphorus were
determined at six stations. Results shows that concentrations of total phosphorus depends on the season
whereby rainy season and high water level showed lower concentrations (24.90-38.59 µg/L) than dry season
and low water level (45.94-67.28 µg/L). In addition, during dry season, near the aquaculture station in the
reservoir, higher total phosphorus (67.3 µg/L) but lower dissolved total phosphorus (23.90 µg/L) and higher
organic fraction (25.55 µg/L) and lower dissolved organic fractions (9.74 µg/L) were observed. The second
highest total phosphorus was located upstream in Batang Ai during wet season and it was high in organic form
attributable to grey and black water and domestic animal waste. Outflow total phosphorus showed higher
concentration during dry than wet season and it was much higher in dissolved organic form than dissolved
reactive form. During dry season, outflow total organic phosphorus was twice the inflow but during wet season,
the opposite was observed.
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INTRODUCTION reported that the concentrations of phosphate and

Phosphorus is the nutrient that is limiting in lakes and Changshou Reservoir in China, it has been reported that
reservoirs. However, anthropogenic input has resulted in water source from upstream was heavily polluted by
an increase in its concentration and thus it has been industrial and domestic wastes with runoff and
responsible for eutrophication in lakes and reservoirs in aquaculture as other inputs [3]. In comparing the risk to
different parts of the world which leads to fish kills. river eutrophication from sewage-effluent phosphorus
Anthropogenic inputs include human waste, uneaten feed and agricultural phosphorus in UK, different forms of
and waste from aquaculture and excess fertilizers used in phosphorus were investigated and it was found that
agricultural land. Aquaculture provides the necessary phosphorus were predominantly soluble reactive
protein food source for the rural and urban populations as phosphorus which is indicative of point, rather than
natural catch cannot meet the increasing demand of fish diffuse, sources [4]. In characterization of phosphorus
products. In Indonesia, unsustainable development of sources in rural watersheds in UK it was suggested that
fish cage aquaculture, specifically, overcrowding and sources associated with the functioning of rural
water column overturns resulted in numerous large fish communities (impervious surfaces, detergents and
kills in Saguling Reservoir [1]. In Cirata Reservoir in wastewater) might be more ecologically relevant than
Indonesia where intensive aquaculture took place, it was those associated with land based agriculture [5].

ammonia were quite high in the anoxic hypolimnion [2]. In
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In Malaysia, aquaculture in the Batang Ai Reservoir
is encouraged by the government and Batang Ai
Reservoir  has  been  used  for  aquaculture   for    about
20 years [6]. Water quality parameters such as
temperature, pH, turbidity, dissolved oxygen, biochemical
oxygen demand, total suspended solids, chlorophyll-a,
ammonia and total sulfide at some stations in the reservoir
have been reported by [6] and [7]. However, knowledge
on phosphorus nutrient concentration in the reservoir is
scarce. Since it is an important nutrient responsible for Fig. 1: The sampling stations in the Batang Ai Reservoir
eutrophication and agriculture, fish aquaculture and
human waste are the main contributors in a rural phosphorus determination, water samples were filtered
watershed, it is important that phosphorus concentrations through acid-washed 0.45 µm membrane filters before the
in Batang Ai be investigated. Therefore, the objective of determination of dissolved reactive phosphorus,
this study was to determine different forms of phosphorus dissolved acid-hydrolyzable phosphorus and total
during wet season and dry season. dissolved phosphorus. Total organic phosphorus was

MATERIALS AND METHODS sum of total acid-hydrolyzable phosphorus and total

Samplings were conducted at the Batang Ai phosphorus was calculated as the difference between
Reservoir and the upstream area. Batang Ai is a reservoir total dissolved phosphorus and the sum of dissolved
used for electricity supply located at the Batang Ai acid-hydrolyzable phosphorus and dissolved reactive
National Park in Lubok Antu, Sarawak, about 250 km phosphorus.
south-east of Kuching. It is a tropical reservoir with a For total reactive phosphorus, an unfiltered sample of
surface area of 85 km², catchment area of 1200 km², gross 50 mL was analyzed directly using the ascorbic acid
storage volume of 2.38 km , active volume of 0.73 km  and Method [10]. For total acid-hydrolyzable phosphorus,3 3

surface elevation of 108  m  above  mean  sea  level  [8]. preliminary acid hydrolysis was carried out before the
The reservoir was formed with the construction of the sample was analyzed for phosphorus. First, 1 drop of
Batang Ai Dam, which started in 1982 with the river phenolphthalein solution was added to 50 mL of unfiltered
diversion work. The dam’s maximum height above sample diluted to a volume of 100 mL. Then, another drop
foundation is 110 m and the permissible volume rate of of strong acid was added. The sample was boiled gently
flow of water ranges from 40 to 45 m s  [9]. for about 90 minutes, adding distilled water to keep the3 1

Six stations were selected for the study as shown in volume between 20-25 mL. The sample was cooled,
Fig. 1. At the inflow rivers, station 1 was located in Batang neutralized with NaOH solution to a faint pink colour and
Ai (Ai Big River), station 2 is at the confluence of Batang restored to 100 mL with distilled water. The sample was
Ai and Engkari River and station 3 was located at Engkari analyzed using ascorbic acid method [10] and the
River, station 4 and station 5 were in the reservoir and concentration of total acid-hydrolyzable phosphorus was
station 6 was at the outflow of the reservoir. Samplings calculated as the difference between the concentration
were conducted on 26 November 2011 and 7 April 2012. from preliminary hydrolysis and total reactive

Water samples were collected in triplicates at the phosphorus. For total phosphorus, sulfuric acid-nitric
subsurface at all the stations using a 2-L polyethylene acid oxidative digestion method was used. An unfiltered
bottles. The bottles were stored in a cooler box before sample of volume 50 mL was measured in an Erlenmeyer
being transported to the laboratory for phosphorus flask. First, 1 mL of concentrated H SO  and 5 mL of
concentration determination. Triplicate samples were concentrated HNO  were added. The sample was heated
composited before triplicate analyses were performed. in the digestion process to a volume of 1 mL and

Unfiltered samples were brought to room temperature continued until the solution become colorless to remove
and    analyzed  for  total  reactive  phosphorus,  total HNO . The solution was cooled and approximately 20 mL
acid-hydrolyzable phosphorus and total phosphorus of distilled water, 1 drop of phenolphthalein indicator and
according  to  the Standard Methods [10]. For  dissolved as  much 1 N NaOH solution was added to produce a faint

taken as the difference between total phosphorus and the

reactive phosphorus. Similarly, dissolved organic

2 4

3

3
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pink tinge. The neutralized solution was filtered to Trip  1  total phosphorus has a larger range than Trip
remove particulate material or turbidity and transferred
into a 100 mL volumetric flask. Filter washing was added
to the flask and sample volume was adjusted to 100 mL
with distilled water and analyzed for phosphorus using
the ascorbic acid method [10]. Total organic phosphorus
was computed by taking the difference between total
phosphorus and the sum of total reactive phosphorus and
total acid-hydrolyzable phosphorus. Filtered samples were
analyzed in the same way as unfiltered samples to give
different forms of dissolved phosphorus. For the ascorbic
acid method [10], 50 mL sample was pipetted into an
Erlenmeyer flask and to it was added 8 mL combined
reagent. They were mixed thoroughly. After at least 10 min
but not more than 30 min, absorbance of each sample was
measured by a spectrophotometer (Shimadzu UV Mini
1240) at 880 nm, using reagent blank as the reference
solution.

Statistical analysis of the data were performed to
compare the amount of phosphorus among stations using
one way ANOVA and when the differences were
significant, multiple comparisons were conducted using
Tukey’s test. Two-way ANOVA was used to compare the
mean phosphorus concentrations between trips. All data
analysis  was  performed  using SPSS version 19.0
package.

RESULTS

Fig. 2  shows total phosphorus and the different
forms of phosphorus in the water samples during the two
sampling trips. In general, Trip 1 has higher
concentrations of all forms of phosphorus when
compared to Trip 2 except for a few stations where the
opposite trend was observed. 

2  (Fig.  2a).  Station  5 shows the highest total
phosphorus for both trips, that is, 67.28 and 38.59 µg/L
respectively  and  they  were  significantly  higher  than
the  other  stations  (P<0.05).  The  lowest   mean   values
of total phosphorus were 41.37 and 24.90 µg/L for Trip 1
and  2  respectively.  In  the  first  trip,  total  phosphorus
in the stations were in decreasing order of stations
5>1>4>6>2>3.  However,  in  Trip  2,  total    phosphorus
in  the  stations  were  in  decreasing order of
5>2=3>1>6>4 where stations 2 and 3 ranked higher than
those of Trip 1. At station 6 at the outflow, total
phosphorus concentrations were 45.94 and 26.29 µg/L for
Trip 1 and 2 respectively. In Trip 1, total phosphorus in
stations 4 and 5 in the reservoir and station 6 at the
outflow were significantly higher than stations 2 at the
inflow.

Total dissolved phosphorus concentrations were less
than total phosphorus for both trips (Fig. 2a, b). In Trip 1,
station 5 (23.90 µg/L) showed the lowest total dissolved
phosphorus concentration which is the opposite of total
phosphorus. In terms of percentage, only 35.52% of total
phosphorus was in dissolved form at station 5 whereas
station 3 recorded 96.45% during Trip 1 (Table 1). Station
1 (43.38 µg/L) showed the highest total dissolved
phosphorus. Trip 1 dissolved phosphorus at station 6 at
the outflow was not significantly different from stations
2, 3 and 4. In Trip 2, there were decreases at every station,
with station 3 recording the highest value of 32.79 µg/L
and station 4 the lowest value of 19.49 µg/L. In Trip 2,
stations 3 and 6 have the highest percentage of dissolved
phosphorus, 94.64% and 93.24% respectively; and station
5 shows  the lowest  dissolved  percent   of    57.31%
(Table 1).

Table 1: Percentage of total reactive phosphorus (TRP), total organic phosphorus (TOP), total acid-hydrolyzable phosphorus (TAHP) and total dissolved

phosphorus (TDP) in total phosphorus (TP) and percentage of dissolved reactive phosphorus (DRP) in total reactive phosphorus (TRP) and

percentage of dissolved organic phosphorus (DOP) in total organic phosphorus (TOP).

Trip 1 Trip 2

---------------------------------------------------------------------------------- --------------------------------------------------------------------------------------

% TRP % TOP % TAHP % TDP % DRP % DOP % TRP % TOP % TAHP % TDP % DRP % DOP

Station in TP in TP in TP in TP in TRP in TOP in TP in TP in TP in TP in TRP in TOP

1 9.30 43.04 47.66 68.58 40.86 42.61 8.27 47.96 43.77 79.40 57.38 66.67

2 35.13 22.09 42.78 78.45 48.56 97.60 6.25 57.46 36.29 86.18 15.79 86.64

3 8.11 37.01 54.88 96.45 62.26 98.99 5.69 54.24 40.07 94.64 68.63 97.94

4 37.65 44.30 18.05 63.10 27.24 79.42 5.12 39.75 55.13 78.26 93.94 92.97

5 11.57 50.46 37.97 35.52 63.41 28.70 2.00 48.90 49.10 57.32 35.04 60.25

6 29.34 53.37 17.29 79.46 46.01 93.69 5.44 40.30 54.27 93.24 62.16 96.35
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Fig. 2: Mean concentration of total phosphorus, total dissolved phosphorus, total reactive phosphorus and dissolved
reactive phosphorus at subsurface water of the stations.  Different letters show significant difference between
stations (P<0.05).

Total  reactive  phosphorus (Fig. 2c) ranges were µg/L respectively. Station 5 showed the highest total
3.37-20.47 µg/L in Trip 1 and 0.77-2.36 µg/L in Trip 2. In organic phosphorus in Trip 1 but only 28.70% was in
Trip 1, percentage of total reactive phosphorus that was dissolved form (Fig. 3b, Table 1). In addition, in Trip 2 the
dissolved ranged from 27.24 % at station 4 to 63.41% at total organic phosphorus at station 5 (18.87 µg/L) was not
station 5 and in Trip 2, it ranged from 15.79% at station 2 significantly different from the highest value of 20.26 µg/L
to 93.94% at station 4 (Table 1). In Trip 1, station 4 at station 2 and 60.25% was in dissolved form. Station 1 of
showed significantly higher values than the other stations Trip 1 also shows high total organic phosphorus, ranking
(P<0.05) and stations 2, 4 and 6 has concentrations much second, but the dissolved organic phosphorus was only
higher than the other stations. Station 5, with cage 42.61% of it. In Trip 1, stations 1, 4 and 6 were also high in
aquaculture nearby shows low total reactive phosphorus total organic phosphorus and they were not significantly
eventhough total phosphorus is high (Fig. 2a). Trip 1 and different in concentrations (P>0.05). Total organic
Trip 2 dissolved reactive phosphorus ranged from 2.41 to phosphorus in stations 4, 5 and 6 in the reservoir in Trip
7.47 µg/L and 0.27 to 1.35 µg/L respectively and 1 were significantly higher than stations 2 at the inflow. In
concentrations of reactive phosphorus in Trip 2 were very Trip 2, at stations 2 and 3 the concentrations of total
low. For dissolved reactive phosphorus, during Trip 1, organic phosphorus (Fig. 3a) and dissolved organic
stations 2 and 6 showed the highest concentrations. In fraction (Fig. 3b) were higher than Trip 1. In Trip 1 and
Trip 1, dissolved reactive phosphorus at the outflow Trip 2, 98.99 and 97.94% of the total organic phosphorus
station 6 and the reservoir stations (4 and 5) were not were dissolved. In Trip 1, station 6 at the outflow showed
significantly different. the highest dissolved organic phosphorus, but not

Total organic phosphorus (Fig. 3a) shows higher significantly different from station 4 and in Trip 2, the
concentrations than total reactive phosphorus (Fig. 2c) concentration at station 6 was low and not significantly
especially during Trip 2. The trend of total organic different from stations 1, 4 and 5. In Trip 2, Stations 2 and
phosphorus (Fig. 3a) for the stations is similar to total 3 showed significantly higher dissolved organic
phosphorus (Fig. 2a). Total organic phosphorus during phosphorus than all the other stations (P<0.05). At station
Trip 1 and 2 ranged from 9.67-33.95 µg/L and 9.90-20.26 6  at  outflow, 53.37% and 40.30% of the total phosphorus
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Fig. 3: Mean concentration of total organic phosphorus, dissolved organic phosphorus, total acid-hydrolyzable
phosphorus and dissolved acid-hydrolyzable phosphorus at subsurface water of the stations.  Different letters
show significant difference between stations (P<0.05).

were organic and out of that, 93.69% and 96.35% in Trip DISCUSSION
1 and Trip 2, respectively were soluble (Table 1). In Trip
1, total organic phosphorus (Fig. 3a) decreased from Most of the phosphorus forms were higher in the
station 1 in Batang Ai and station 3 in Engkari River to Trip 1 than Trip 2. This is because of dilution which
station 2 at the confluence where an increase in total occurred in the second trip compared to the first indicated
reactive phosphorus (Fig. 2c) was observed. At station 6, by the level of water upstream and in the reservoir. During
during dry season, outflow total organic phosphorus was Trip 1, the level of the reservoir was low when the season
twice the inflow but during wet season, the opposite was was dry. On the other hand, the level of water in Trip 2
observed. was high in the reservoir and also in the rivers upstream.

Other than total reactive phophorus and organic In addition, Trip 2 total phosphorus showed a smaller
phosphorus, total acid hydrolyzable phosphorus range  than  Trip  1  which  is  an  indication  of    more
constituents the balance of total phosphorus and this well-mixed among stations due to higher inflow and
form shows higher percentages of 42.78 - 54.88% at precipitation input into the reservoir.
stations 1, 2 and 3 than the other stations (17.29 - 37.97%) Station 1 was high in total phosphorus in Trip 1 and
during Trip 1 (Table 1). Total acid hydrolyzable higher in total organic phosphorus than total reactive
phosphorus concentrations ranged from 7.94-30.15 µg/L phosphorus in both trips. In addition, total phosphorus at
in Trip 1 and 12.49-18.95 µg/L in Trip 2 (Fig. 3c). During stations 2 and 3 in Trip 2 showed the smallest difference
Trip 1, dissolved acid hydrolyzable phosphorus from Trip 1 and the concentrations of total organic
concentrations were significantly higher at upstream phosphorus and dissolved organic form in Trip 2 were
(stations 1 and 3) and inflow station (2) than stations 4 higher than Trip 1. Station 1 and 3 are downstream of
and 5 in the reservoir and station 6 at outflow (P<0.05) as longhouses along the rivers and sources of phosphorus
shown in Fig. 3d. In Trip 2, dissolved acid hydrolyzable are organic phosphorus from human urine and feces and
phosphorus at stations 4 and 5 were significantly lower domestic animals. Total phosphorus in domestic sewage
than the other stations. has been reported to be 1.8 g capita  day  [11] and1 1
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depending on protein intake, phosphorus in combined along the river. The chemical form in which phosphate is
urine and feces ranged from 0.49 g capita  day  to 2.0 g used in detergents is predominantly pentasodium1 1

capita  day  [12]. Other than that, domestic greywater triphosphate [17]. Reynolds and Davies [18] also reported1 1

is also high in phosphorus as previous studies showed that polyphosphate-based detergents contributed to
untreated concentrations of 8.4 mg/L [13] and those aquatic eutrophication problems in freshwaters in Britain.
wastewater and other organic waste, disposed of their At station 6 at the outflow, during dry season, outflow
residents, during rainy season, are washed off into the total organic phosphorus was twice the inflow indicating
river through surface runoff and seepage which the contribution of organic phosphorus from cage
counteracts dilution. Thus, high concentrations at station aquaculture. But during wet season, the opposite
3 and subsequently at station 2 during Trip 2 which is occurred indicating the relatively more prominent
located at the confluence were observed. Trip 2 organic contribution from longhouses settlement upstream at
phosphorus concentrations at station 3 was higher than Engkari to the inflow organic phosphorus and the more
station 1 due to more longhouses along Engkari River and diluted reservoir organic phosphorus. Compared with
less dilution in Engkari River than Batang Ai. phosphorus concentration NWQS Class II limit of 0.1

In Trip 1, total and dissolved organic phosphorus mg/L [19], all the sampling stations complied with the limit.
decreased from station 1 in Batang Ai and station 3 in The significance of phosphorus contribution from
Engkari River to station 2 at the confluence but an human excretion and greywater including detergents is
increase of total and dissolved reactive phosphorus was similar to the results of some studies in UK. In comparing
observed at station 2 due to the conversion of organic the risk of sewage-effluent phosphorus to agricultural
phosphorus to reactive phosphorus as the water moved phosphorus in river eutrophication, Jarvie et al. [4]
downstream from stations 1 and 3. reported over-riding evidence indicating that point

The observation that total phosphorus and total (sewage-effluent) rather than diffuse (agricultural) sources
organic phosphorus were high at station 5 but total of phosphorus provide the most significant risk for river
reactive phosphorus was low indicates the contributions eutrophication, even in rural areas with high agricultural
from the cage culture site. In addition, the dissolved phosphorus losses. In addition, concluding a study on
organic form were low indicating that they were high in characterization of phosphorus sources in rural
particulates. This agrees with previous study which watersheds in UK it was suggested that sources
shows that clarity of the water decreased as we approach associated with the functioning of rural communities
the cage culture site and ammonia was significantly higher (impervious surfaces, detergents and wastewater) might
at 0 m distance than 20 m and 100 m away from the cage be more ecologically relevant than those associated with
culture site [7]. Uneaten feeds and waste from the fish agriculture [5]. However, the difference is in the form
contributed to the high total organic phosphorus observed whereby in UK, dissolved reactive phosphorus
concentrations at station 5. In Batang Ai reservoir, fish in was reported to be the dominant fraction in all of the
the cages were fed with pellets which contains total rivers monitored, with higher percentages at low flows [4]
phosphorus for healthy growth of the fish. According to but in the present study, at stations acid hydrolyzable
the report of Guo et al. [14], pellet feed contains 2.97 g/kg fraction and organic fractions were the dominant ones at
of total phosphorus and the cultured fish assimilated only stations in Engkari River and Batang Ai. This difference
3.3-19.0% of the feed input, with lowest assimilation is most likely due to the sewage treatment in developed
occurring in the summer, resulting in loadings to the country like the UK where organic phosphorus are
environment of 0.025-0.035 kg TP/kg of fresh fish converted to reactive phosphorus in the sewage treatment
produced. Islam [15] also reported that 0.025 kg P are plant before discharged into the river.
released to the environment for each kg of fish produced
in coastal and marine cage culture environments. Gondwe CONCLUSIONS
et al. [16] reported that 85%-92% of phosphorus was lost
from tilapia fish cages in Lake Malawi. Phosphorus concentrations were higher during dry

Total acid hydrolyzable phosphorus shows the season than wet season. Overall, total reactive
highest percentage at stations 1 and 3 in Trip 1 due to phosphorus were less than total organic form. Total
polyphosphorus from detergents used in the longhouses phosphorus and the organic particulate form were the
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highest near an aquaculture station. Upstream excretion 8. SIWRM. 2008. Hydroelectric power dams in
were the predominant contributor to the phosphorus and Sarawak. Sarawak Integrated Water Resources
higher organic than reactive forms were observed Management Master Plan. Retrieved April 27, 2012
downstream of the residential areas. from http://www.siwrs. com.my/modules/ iwrm/page.
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