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ABSTRACT

Life Cycle Assessment (LCA) is an analytical tool used primarily for evaluating environmental conditions.
The sources of decomposed organic matters in Cirata Reservoir originate from industrial activities,
household waste, agricultural waste, and effluent from floating fish net cages. The wastes consist mainly of
fat, protein, and carbohydrate. Bacteria are responsible for aerobic decomposition process of organic
matters in the sediment. As bacteria consume oxygen during the decomposition processes, significant
depletion of dissolved oxygen level in the waters may occur. This happens in Cirata Reservoir where a low
level of oxygen in the water leads to anaerobic decomposition processes at the bottom of the reservair. The
porpuse of this study was to evaluate Cirata Reservoir water conditions, in terms of water quality, organic
sediment and organic materials level based on the application of LCA. In this study, water and sediment
samples were collected. Water quality conditions were measured in-situ. Water and sediment samples were
analyzed in the laboratories. The results of the analyses showed that water quality condition in all sampling
stations was relatively homogeneous. Based on the level of decomposition of organic matter, water quality
conditions in Cirata reservoir could be classified as Class I, I, and Ill in IKA_STORET scale and categorized
as poor. DO, sulfide, phenol, BOD, COD, total phosphate were outside the ranges of acceptable water

quality standards.
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INTRODUCTION

The application of a quantitative model such as
life cycle assessment (LCA) has received positive
responses in the implementation of sustainable aqua-
culture. LCA, also known as life-cycle analysis, eco-
balance, and cradle-to-grave analysis is a quantitative
technique to assess environmental impacts asso-
ciated with all the stages of a product’s life.
Designers used this process to improve their pro-
ducts. LCAs can also be used in avoiding a narrow
outlook on environmental concerns by evaluating the
potential impacts associated with identified aquacul-
ture inputs and releases and interpreting the results
for stakeholders to make a better-informed decision
(Prihadi et al., 2008).

Cirata Reservoir is located in West Bandung, West
Java Province and covers an area of 6200 ha. This
reservoir is important for West Java Province. At least,
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30% of freshwater fish produced by fish farmers in
West Jawa Province comes from 39.690 floating net
cages operating on this water body. However, the
overcrowding of floating net cages in Cirata has con-
tributed a significant impact to the reservoir’s aquatic
environment specifically from the uneaten fish feed.
Simarmata (2007) stated that the enrichment of or-
ganic materials in the sediment stimulated oxygen-
based microbial activities causing de-oxygenation of
the substrate and water column. If the supply of oxy-
gen in the hypolimnion was not sufficient for bacte-
ria to decompose organic materials, a critical stage
will occur which signals a turning point of decompo-
sition process from aerobic to anaerobic.

Besides oxygen deficiency in the hypolimnion, the
cause of mass mortality of fish cultured in Cirata
Reservoir is the toxic gases escaped and rising from
the seabed to the surface, especially during the rainy
season. The availability of toxic gases at the bottom
of the water depends on the speed of bacterial de-
composition. Therefore, it is necessary to study the
level of organic materials in the sediment of Cirata
Reservoir to understand the dynamics of nutrient
recycling within the water body. The purpose of the
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recent research was to evaluate Cirata Reservoir water
conditions, in terms of water quality, organic sedi-
ment and organic materials level based on the appli-
cation of LCA.

MATERIALS AND METHODS

The research was done in 2007 at Cirata Reser-
voir located between 6°40’ to 6°48'S and 107°14’ to
107°22°E. This research was carried out in two stages,
laboratory and field activities. The field activity was
done through surveys. Simple random sampling was
used to determine the sampling locations (Clark &
Hosking, 1986). Sample collection was done at the
reservoir’s inlet zone (station 1), mid zone (station
2), and outlet zone (station 3) (Figure 1).

Tools used for sampling were GPS, Secchi disk,
Polyurethane bottle, BOD bottle, DO meter, titrimetry
tools, cool box, pH meter, Petersen-grab, and plank-
ton net. Laboratory analyses used equipment such as
vacuum pump, refrigerator, spectrophotometer, ana-
Iytic scale, hot plate, oven, distillation apparatus, and
distillation glass. Chemical compounds (H,SO,, HNO,,
HgCl, and Lugol) were used as sample preservatives.

Water samples were collected in the three sta-
tions and the laboratory activities used 9 tanks mea-
suring 30 cm x 40 cm x 60 cm in size. Each tank was

107°13'26”  107°14'28” 107°15'30” 107°16'32” 107°17'34”

107°18'36”

(Tri Heru Prihadi)

filled with sediment from different stations of Cirata
reservoir up to 10 cm of thickness. Water was added
to each tank approximately 40 cm high. The tanks
were wrapped in black plastic sheets. The water con-
ditions were observed at 0, 20, 40 and 60 days. Wa-
ter parameters measured were temperature (ther-
mometer), DO (DO meter), pH (pH meter), carbon
dioxide (APHA, 1989), sulphide (APHA, 1989), nitrite
(SN106-6989.9-2005), nitrate (SNI1 06-6989.30-2005),
phenol (APHA, 1989), biochemical oxygen demand (BOD)
(APHA, 1989), chemical oxygen demand (COD) (titra-
tion), total phosphate (APHA, 1989), orthophosphate
(APHA, 1989), alkalinity (titration) and calcium (EDTA
murexide). Sediment parameters measured were tem-
perature (thermometer), DO (DO meter), pH (pH
meter), pH, calcium (EDTA murexide), potential re-
dox and C-organic (titration). Total sulfur reducing
bacterial count was carried out at the beginning and
the end of the research (0 and 60 days).

The obtained data were evaluated using STORET
method (Canter, 1977: Minister for the Environment
Decree NO. 115, 2003), and the result was presented
in figures and tables then descriptively discussed.

RESULTS AND DISCUSSION

Water quality evaluation in each station was based
on the government regulation No. 82/2001 regard-
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ing Water Quality Standard conducted using
IKA_STORET Method. IKA_STORET scores showed
that water quality condition for in Cirata reservoir
water was classified as Class I, 1l, 11l which indicated
heavy polluted water, while Class IV was moderately
polluted (Table 1).

The pollution of Cirata reservoir was mainly
sourced from the rapid development of floating cages
for fish farming. Prihadi (2005) reported that in 1999
there were 27.786 floating cages in Cirata reservoir.
The number had increased 11,904 units to 39.690
floating cages in 2007 (DKP, 2007). This led to the
deteriorating condition of the reservoir. According
to Prihadi (2005), the mismanagement of feeding ac-
tivity had caused excessive accumulation of organic
matter at the bottom of the reservoir. The decom-
position of the organic material has consumed a most
of DO on and within the seabed leading to an oxy-
gen-deprived environment. The low level of DO in
the water has changed the decomposition process
to anaerobic which produced toxic gases such as
ammonia, hydrogen sulfide and nitrite which polluted
the entire water column and endangered all living
organism in the reservoir when an upwelling event
occurs.

The results of water and sediment measurement
(temperature, pH, DO and redox potential) are pre-
sented in Table 2. The levels of carbon dioxide, H,S,
Ammonia, Nitrite, Nitrate, phenol, BOD, COD, total
phosphate, orthophosphate, alkalinity, hardness, cal-
cium during the research are presented in Table 3.

The presence of organic materials was measured
using two variables, BOD and COD. The measurement
of BOD assumed that the oxygen consumed by mi-
croorganism during the decomposition process of
organic materials. The measurement results are pre-
sented in Table 3.

The overall value of BOD was relatively high,
especially during day 20. This was caused by the
escalation of organism activity in breaking down
organic materials (Table 3). Therefore, it can be
construed that the higher the BOD, the higher the
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activity of the organism to break down organic com-
pounds in the waters. Furthermore, Effendi et al.
(2006) reported that the decomposition of organic
materials basically takes place in two phases. In the
first phase, the organic materials broke down into
inorganics materials. In the second phase, the
unstable inorganics materials were oxidized into more
stable inorganics materials such as ammonia which
was oxidized into nitrites and nitrate (nitrification)
(Figure 2A and B).

The measurement of ammonia level showed the
highest level of ammonia occurred in day 20 at sta-
tion 2, followed by station 3 and 1 successively. The
highest estimation level of nitrite also happened on
day 20 at station 3, 2 and 1 successively. The highest
level of nitrite occurred in day 40 in station 3, 2 and
1 successively (Table 3). The high level of ammonia,
nitrite, and nitrate was presumably caused by the low
concentration of oxygen while the pH and tempera-
ture were high.

The high level of ammonia in station 2 (Figure 3)
was caused by the feed excess and fecal dirt excreted
by fish reared in a high density of floating cages in
the area. The high level of nitrite and nitrate in
station 3 was allegedly caused by the accumulation of
excess feed which was not washed away by the
current. Topographically, station 3 was situated at the
outlet area which was smaller in size than that of
station 2 (midsection of the reservoir). Widigdo &
Soewardi (1999) stated that ammonia in the waters
was used by phytoplankton in the photosynthesis
process.

Furthermore, Metcalf & Eddy (1991) emphasized
that ammonia compound in anaerobic condition was
oxidized to nitrite by atrophic bacteria through the
microbiological process. The nitrate reduction (deni-
trification) was done by bacterial activity in anaero-
bic condition (Effendi et al., 2006). High concentra-
tion of ammonia influences the permeability of fish
tissue towards water causing lower ionic concentra-
tion in their bodies. As a result, oxygen demand will
increase within the fish tissue and subsequently dam-

Tabel 1. Water parameters at Cirata Reservoir according to IKA_STORET

Sampling Class 1

Class Il Class 11 Class IV

station Unmet parameters

Unmet parameters Unmet parameters Unmet parameters

Cirata reservoir

(stations 1, 11, and 111y COD: total phosphate

-52 (TB)

DO, sulfide, phenol, BOD, DO, sulfide, phenol, DO, sulfide, phenol
total phosphate

total phosphate O, sulfide, pheno
34 (TB)

-40 (TB) -30 (T9)
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Table 2. Minimum and maximum values of measured parameters of water and sediment during

the research period

Station |

Station Il Station Il

Parameter

Min Max Avarage

Min Max Avarage Min Max Avarage

Waterdissolved oxygen (DO) (mg/L) 04 1

Water temperature (°C) 26 28
Water pH 65 7.5
Sediment dissolved oxygen (DO) (mg/L) 0 0.5
Sediment temperature (°C) 26 28
Sediment pH 51 71
Potential redox (mV) -2 59

0.73 04 09 057 04 08 0.6
28.1 26 28 281 26 28 281
7.12 63 74 733 62 74 7.28
0.33 0 03 0.3 04 08 0.6
27.9 26 28 279 26 28 2709
7.06 62 7.1 7.1 63 72 7.07

-48 -1 -57  -50 -1 -48  -40

Table 3. Water and sediment chemical value on day 0, 20, 40 and 60 during the research period

Station |
Parameters

Station Il Station IlI

20 40

20 40 60 20 40 60

Water

Carbon dioxide (CO2) (mg/L)
Sulphide (mg/L)

Ammonia (NHs " -N) (mg/L)
Nitrite (NO2-N) (mg/L)
Nitrate (NO3-N) (mg/L)
Phenol (mg/L)

BOD (mglL)

COD (mg/L)

Total Phosphate (mg/L)
Orto phosphate (PO."-P) (mglL)
Alkalinity

Hardness

Calcium (Ca) (mg/L)

8.91
<0.02
0.065
0.037

0.388
<0.05
2.24
12.9
1.357
0.373
71.64
39.04
8.15

Sediment
Calcium (Ca) (mg/Kg)
C-Organic (%)

498 5.12 1.65
257 19 5.8

ages the gills due to the diminishing capability of
bloodin carrying oxygen. lonized ammonia was easily
absorbed by the body of an aquatic organism com-
pared to ammonium. Ammonia was more toxic when
the level of DO drops (Boyd, 1992). This closely re-
lates to the fact that the higher decomposition of
organic materials by a microorganism, the higher the
need for oxygen. This will increase the possibility of
nitrite forming at the bottom of the waters.

Oxygen levels in the sediment observed during
the research in station 1 were between 0.01-0.48
mg/L with the average value of 0.33 mgiL, Station 2
were between 0.01-0.30 mg/L with the average value

0.30 mg/L and station 3 varied between 0.40-0.80
with the average value 0.60 mg/L (Table 2). The levels
of DO in the water observed in station 1 were
between 0.40-0.98 mg/L with the average value of
0.73 mg/L, station 2 ranged between 0.40-0.90 mg/L
with the average value of 0.57 mg/L and station 3
were between 0.40-0.80 with average value of 0.60
mg/L (Figure 4A and B). According to the dynamic
pattern of DO shown in Figure 4A and 4B, it is clear
that the level of DO had decreased due to the de-
composition occurred. DO level continued to drop
until day 20 which showed anaerobic condition. This
was due to the used of oxygen for decomposition
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Estimation of ammonia value (mg/L) on day 0, 20, 40 and 60

during the research in Cirata.

process through metabolism of aquatic micro-
organisms. According to Simarmata (2007), the ab-
sence of oxygen did not mean the process of decom-
position halted. It remained to happen by using other
oxidants such as sulfate and nitrate. The use of sul-
fate and nitrate in an anaerobic decomposition pro-
duced gases such as H_S and ammonia which are toxic
to aquatic organisms. The more organic compound,
the higher concentration of H,S in the water due to
the anaerobic decomposition process.

Potential redox values of sediment media during
the research in station 1 were between -2 to -59 mV,
with the average value of -48 m\, station 2 were

between -1 to -57 mV, with the average value of -50
mV, and station 3 were between -1 to -48 mV, with
the average value -40 mV (Table 2). The dynamic pat-
tern of potential redox in the sediment during the
research is presented in Figure 5.

During the research, starting from day O to day
60, the potential redox continued to decrease. This
reduction signaled a chemical reaction was occurring
in the sediment due to the anaerobic condition. Tebut
(1992) reported that a reaction in anaerobic condi-
tion had an Oxidation-Reduction Potential (ORP) value of
< 50 mV. Furthermore, Boyd (1988) reported, in ana-
erobe mud at the bottom of waters, the value of ORP
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reached -0.1 Volt. According to Suwoyo (2009), the
decomposition process of organic materials occurred
both in a reductive condition and oxidative condi-
tion. Furthermore, Emiyati (2004) and Suwoyo (2009)
pointed out that the level of DO in sediment had con-
siderable influence to the potential value of redox
and sediment pH, in addition to being able to be used
as a chemical reaction control of water ions in the
sediment. The abundance of organic materials, the
number of bacteria living in the substrate and the
lack of water circulation had led to the lower concen-
tration of oxygen in the substrate. This condition
could change substrate condition to a reductive en-
vironment.

A significant increase in carbon dioxide was ob-
served in day 20 particularly in station 3 (Table 3). It
was suspected that such high concentration was caused
by decomposition activity of microorganism during
day 20. It is argued that water masses passing through
the organic soil in station 2 in which decomposition

The dynamic of dissolved oxygen (mg/L) in sediment (A) and water (B) medium during
the research in Cirata.

process was occurring and producing carbon dioxide
as a byproduct. Carbon dioxide resulted from this
decomposition dissolve in the water masses. Anaero-
bic decomposition of carbohydrate at the bottom of
the waters produced carbon dioxide as the final pro-
duct. Jeffries & Mills (1996) emphasized that during
the decomposition process, microorganism releases
carbon dioxide into the waters. Carbon dioxide is
easily dissolved into the water because this gas has
high dissolvability. The concentration of CO, in the
waters was determined by respiration activity of the
aquatic organisms. If the concentration of O, in the
waters rises, the CO, level drops. The measured CO,
concentration was slightly higher than 10 mg/L. How-
ever, the concentration is still sufficiently toxic to
fish because CO, blocks oxygen binding process by
hemoglobin (Zonneveld et al., 1991).

Sulphide concentration during the research in sta-
tion 1,2, and 3 (on day 0, 20, 40 and 60) showed
similar variations with estimated values below < 0.02

Copyright @ 2017, Indonesian Aquaculture Journal, e-ISSN 2502-6577




Indonesian Aquaculture Journal, 12 (2), 2017, 83-91

1 3 5 7 9111315171921 232527 29 313335373941434547 495153555759

O-OO rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrroriordg T LT 1
. -10.00
S
E
x -20.00
o
o
e
= -30.00
5
5 -40.00 —e— Station | average |
-50.00 —=— Station Il average |
—a— Station Il average )
-60.00 -
Observation time (day)
Figure 5.  The pattern of dynamic potential redox (mV) in the sediment medium during the research.

mg/L and produced a rancid smell (Table 3). The high
concentration of H,S presumably resulted from de-
graded organic materials. The rancid smell was caused
by the reduction of oxygen and the increase of hy-
drogen and anion sulfate transformed into hydrogen
sulfide in anaerobic condition by heterotroph bacte-
ria during the decomposition of organic materials
(Effendi, 2007). Hochheirmer (2000) stated that de-
composition of organic materials in an anaerobic
condition resulted in gasses such as CO,, CH, and
H,S.

According to Simarmata (2007), the activity of
sulfur-reducing bacteria contributed to the increased
concentration of sulfur in the waters. The abundance
of sulfur bacteria measured at the beginning and con-
clusion of the research on the sediment in tanks
ranged between 4.4 x 10>- 1.1 x 10* (Table 4). The
abundance of sulfur bacteria might be facilitated by
the use of sediment without being aerated at the
first hand. Hence, there was available sufficient sub-
strate on which the Sulfur Reducing Bacteria (SRB)
population grew in abundance. The SRB bacteria were
obligate anaerobic bacteria that use sulfate as elec-
tron terminal acceptor (Moriarty & Paullin, 1987).
Furthermore, Simarmata (2007) reported that if the
depletion rate of oxygen was high, the condition of

the waters become even more reductive and finally
reached an anaerobic condition which served as a
precondition stage for SRB to grow. However, in
general, there appeared no significant relationship
between the abundance of SRB and concentration of
H_S, because SRB used sulfur in the form of sulfate
and produced H.S via dissimilatory of sulfate reduc-
tion. Therefore the relevance of SRB abundance was
not autonomous to the presence of sulfate in the
waters (Moriaty & Paullin, 1987; Simarmata, 2007).

Phenol concentration during the research as indi-
cated in Table 3, at station 1, station 2 and station 3
(0, 20, 40 and 60 days) showed similar results with
the range of values of less than 0.05 mg/L. These
values were argued to be influenced by the redox po-
tential. According to Haeruddin (2006), phenol value
is low as the potential redox sediment rises.

The overall value of COD indicated that COD was
relatively high particularly on day 20 at station 2 due
to the higher concentration of manure from floating
fish cages and the amount of oxygen needed in the
decomposition process of such material using cal-
cium dichromate (Table 3). The use of calcium dichro-
mate accelerated the decomposition process com-
pared to the natural process due to the more stable

Table 4. The results of bacterial count in the medium during

the research

Sample Type Amount
Beginning SRB (Sulfur Reducing Bacteria) 4.4 x 102
Conclusion SRB (Sulfur Reducing Bacteria) 1.1 x 10
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breakdowns of organic material by a microorganism
which will indicate higher COD value rather than BOD
(Prihadi, 2005).

The dynamic of pH is shown in Table 2. The values
indicated a relatively similar fluctuation of alkalinity
throughout 60 days of the research period. This was
caused by microorganism releasing CO, which de-
creased the oxygen and pH level in the sediment as a
direct result of the decomposition process of organic
materials. This is supported by Boyd (1992) where he
suggested that soil pH had a direct influence on the
activity of ground microorganism in conducting or-
ganic breakdown. Generally, soil microorganisms
perform best at pH between 7.5 -8.5. If the pH was
low, that activity of soil microorganism diminished,
causing the accumulation of organic material at the
bottom of the pond (Suwoyo, 2009).

Sediment temperature in station 1 and station 2
ranged between 26.3 —27.9°C, with the average value
of 27.9°C, and the approximate temperature of sta-
tion 3 varied between 26.3 — 28.0°C with the average
of 27.9°C. Water temperature in station 1 ranged
between 26.3 — 28.3°C with the average value 28.2°C.
Station 2 and station 3 showed a similar average tem-
perature of 28.1°C (Table 2).

The temperature increased starting from day 20
(Table 2). It was suspected that decomposition of
organic material by microorganism played role in this
temperature change. According to Beveridge (1996);
Zonneveld et al. (1991) Effendi (2007), water tempera-
ture is the most important aspect which affects the
physiology process of fish and other microorganisms.
The rising of temperature boosts their metabolism
and stimulates more activities, decomposition, feed-
ing, energy needed for maintenance, enzyme activi-
ties, small molecules diffusion, membrane function
and accelerate protein synthesis (Houlihan et al.,
1993).

The total estimation of phosphate was relatively
high on day 20. This was due to the low availability
of oxygen causing water to become anoxic. As a re-
sult, the phosphor in the sediment was released into
the water column raising its concentration. Phosphor
dynamic is also influenced by temperature and pH. If
a slight change of temperature and pH occurred, the
settled phosphor at the bottom of the pond diffused
in the water (Effendi, 2007).

High variations of measured phosphate values
might be attributed to a higher concentration of phos-
phate in the lower portion of the water body as a
direct result of orthophosphate accumulation which

(Tri Heru Prihadi)

settles down from epilimnion to the bottom of the
water (Table 3) (Hutagalung & Rozak, 1997).

Alkalinity measurement showed a relatively high
value. This was due to high pH level. As alkalinity
also closely related to CO, level in a water bodly, its
high value may also be contributed by a high concen-
tration of CO, (Table 3). According to Boyd (1999)
alkalinity level between 35-43.5 mg/L CaCO, is con-
sidered normal as the natural value of alkalinity is at
40 mgl/L. the natural value of alkalinity is never higher
than 500 mg/L CaCO,.

On day O for the stations 1, 2, and 3, the hardness
value was low due to the minimum activity of soil
bacteria where instead of releasing CO,, it created
stability with carbonate acid (Table 3). In an acidic
condition, carbonate compounds in the soil began
to dissolve. According to Effendi (2006), a water body
with hardness less than 120/L CaCO, and more than
500 mg/L CaCO, was considered unsuitable for do-
mestic use, agriculture and industry.

The dynamic of calcium level starting from day 20
has shown an increase in values (Table 3). This in-
crease was presumably caused by the forming of cal-
cium carbonate compounds which then accumulated
into sediment at the bottom. However, calcium hard-
ness was temporary (Boyd, 1988).

CONCLUSION

LCA as a quantitative model coupled with Storet
Analysis can be used to determine or evaluate the
condition of water quality. Measured DO, sulfide phe-
nol, BOD, COD, and total phosphate values were all
outside of standard acceptable value. The high amount
of organic substrate and bacteria combined with lim-
ited water circulation had diminished oxygen con-
centration in the substrate and reduced the environ-
ment substrate quality. The physiochemical charac-
teristics of the sediment distribution showed that in
Station 3 (outlet) had high value of nitrite and ortho-
phosphate as well as C-Organic. This research, in
which LCA and Storet Analysis were used, concluded
that water quality on the surface of Cirata reservoir
could be categorized as highly polluted based on
IKA_STORET classification.
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