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ABSTRACT

Gaiah Mungkur Reseruoir has a strategic potency and muttipurpose use ecologicatty
as well as economiCatty. Aside from itsfunction f6rthe life of aquattic iigii,iiiit itai"i-s-e-es rot
transpoftation, figheqr,agricultureandtourism.AtpresentthesustainZbitityofwaterfunctionof
the reseruoir is disturbed by problems such as sedimentation, pollution, eutrophication as well
as changei in tynction 9t th9 tand at the upper stream of the river. The tocatioi of the study was
carried out at Gajah Mungkur Reseruoir Centre Java from March - November 200g. The aim of
tlis slu/V was to estimate parameters value of the physicat, chemical and its trophic slafus of
Gaiah Mungkur Reservoir. The water temperature, dlsso/yed oxygen, and carbon dioxide
content of Gaiah-Mungkur Reseruol during the observation were in the range of 26 - 32oC , 0-
7.-11 and 0- 13.2 mg/l mg./lrespectively. Watertemperature and dissolved]xygen tended to
decrease with an increas,ing in - water depth white carbon dioxide behaved iniversely, Based
g7 the. feftility classification of average TRIX lndex was 5,6; the productivity of in" A"1"n
llungkur Reservoir has reaiched eutrophic levet.

Keywo rd s : Wate r q u a l ity, phy s i c a l, c h em i c al, res e rvo i r.

INTRODUCTION

One of the water resources in
rdonesia is a reservbir which has a
sirategic potency and multipurpose use
ecologically as well as economically.
Aside from its function for the life of
aquatic organisms it also serves for
:ransportation, household needs,
ndustry agriculture and tourism. At
:'resent the sustainability of water
i-nction of the reservoir is threated due:: sedimentation, pollution,
ertrophication as well as change in
'r*rction of the land at the upper stream
:rrhe river.

Gajah Mungkur reservoir at the
5:;o River was constructed in 1981
m":r surface water area and water depth
rr 8.800 ha and 140 m below sea level. lt
$ 'ocated at Wonogiri District, central
-ara. Gajah Mungkur Reservoir, a
m-,tipurpose reservoir, situated at
,,*,:no Giri district with maximum water
rerth 29 meter and its main function is
u generate hydroelectric power and
mnsation . ln its development, the main
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utilization is not only for hydroelectric
power, but at present also serves for
additional activities such, as fisheries
(cage culture), transportation and
tourism. Total cage culture operations
were 740 cages registered in the
fisheries service district. The main issue
in the management of the reservoir
ecosystem is the quantitative as well as
q ualitative environmental problem which
occurred as a result of interaction
between economic activities and
existence of the nature resources

The problem encountered by
Reservoir is eutrophication originating
from anthrophogenic factors such as
agricultural, domestic and industrial
wastes, as well internal factor such as
floating cage culture. lt is estimated that
the organic waste coming from cage
culture at Saguling Reservoir reached
10.952 toniyear, while at Cirata and
Juanda Reservoirs 148.782 ton/year
and 3.125 ton/yea1 respectively (Garno,
2001).

To formulate the policy on
sustainable water resources



development at Gajah Mungkur
Reservoir for present as well as future,
the main problems and challenges
should be taken into account. lmportant
factors causing the above mentioned
problems is a big gap between carrying
capacity of the water resources to the
number of requests, mainly for
aquaculture (cage culture) and other
needs;

The aims of the research is to
study the water quality assessment at
Gajah Mungkur Reservoir

MATERIALSAND METHOD

Study was carried out at Gajah
Mungkur Reservoir, Wono Giri District,
Centre Java on February 2010 and
July 2010. Measurements of
environmental parameters were
conducted at 6 station; station 1

(middle-l), station 2 (inlet of wiroko),
station 3 (middle-ll), station 4 (floating
cage culture), station 5 (inlet of
Keduang), and station 6 (out let/dam)
(Figure 1).
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NO.-N, PO.-P and chlorophyll-a each at
a depth of 0, 3, 5, and bottom (Table 1).

Figure 1. Map of Research Location at Gajah Mungkur Reservoir.

Monthly observation for measurements
of environmental parameters included
temperature, TDS, TSS, turbidity,
dissolved oxygen (DO), total-P, total-N,
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Table 1' Parameters and methods for physical and chemical of aquatic environment

PARAMETERS UNIT iIATERIALS AND METHOD1. P- total

2. N - total

3. Chlorophyl-a
4. Temperatur
5. Transparancy
6. Conductivity
7.pH
8. CO2

9. Oksigen
10. BOD

Vanadate motiMate methill
Spectrophotometric

mg/l

mg/ I

mg/l
oc
cm
pS/ cm
pH unit
mg/L

Vanadate moliMate method,
Spectrophotometric
Spectrophotometric
lnsitu. Termometer
lnsitu. Sechi disk
I nsitu. Conductivity meter
lnsitu. pH universal indicator
lnsitu,Winkler metods, titrimetri
NaOH as a titrant
Do metermg/L

mg/L lnsitu, Winkler method, titrimetri
thiosulfat as a titrant

Sources: APHA (1986)

The trophic state of the waters
analped with following TRIX model
(Vollenweider et at. 1998 afier EEA,
2001). The index derive.d frorn the four
chosen variables (chlorophyll-a, orygen
saturation, total nitrogen and total
phosphorous) is:

x =LilW-!1--c nul_(u_r)l
where:
n = number of the variables,
M = measured value of the variable,
U = upper limit,
L = lorrer limit.
or:

rRN =l Li(tt"su - L"sDl]
L"'( (Losu - LogD ))

RESULTS AND DISCUSSION
Environmental Quality of Gajah
Hungkur Reservoir

The sunounding area of Gajah
Mungkur Reservoir is mountainous and
hilly, while the river has many tributaries
at this location. This makes the shape of
Gajah Mungkur Reservoir very irregular
or dendritic, with many extended bays.

The Reservoir area was formerly
densely poputated (710.000 peoptes) bi
farmer, fishermen, seller, civil servani.
The land used of the catchment areas
are faced with high pressured by
sedimentalion since over 70 o/o of thi
land used consists of the yard around a
dwelling and the uninigated filed, and
the forest 13,2 o/o only (Table 2). The
growth of farmer populatbn has caused
the decrease of landholding and this
condition forced them to extend their
agricultural land by forest clearing andutilize marginal lands. As a
consequence, there is a prevailing
problem of floods accompanbrl bt
accelerated soil erosion in rainy
seasons. Sedimentation rate of Gajah
Mungkur Reservoir was 7000.000
mt/year (Jasa Tirta, 200S ).
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Table 2. The land used of the catchment areas of Gajah Mungkur Reservoir.

Supprting Fapers

land used
The forest
The uninigated fited/ dryland
Tje yard around a drveiling

,1aa ;26 ??"1

Tabre 3. water Quarity at Gajah Mungkur Reservoir on February 200g

166
506
362

13,2
40,2

StaUon Date Parameterc

co2 (mg/L) o 0.88 1.76 fi.zBoD (mg/L) o.4o 0.24 0.24
Ktorofit_a (pg/L) 15.42 3.SZ S.9S
T-Atkatinity (mg/L) 67 79 53
DHL (ps) 230 250 2so
TDS (ppm) pa 130 120
Turbidity (NTU) 1.56 2.71 1.94
TN (ppm) 4.25 6.99 4.25
N'No3 (pg/L) o.8o 0.6T o.gg
P-Pol(pgil) 2.23 3.07 2.23
TP (pg/L) 36.42 13.34 18.93TSS(mg/L) 9 o 0
Transparancy (cm) lfj7.s
Depth area (m) U.Zg

Outlet ZTtSt2OOg pH 7.5 7.sGpS: Temperature (oC) 32 29.S 29.5s: 0150,38.1" Disotved 02 (mg/L) 7.11 6.95 6.3gE: 110055'32'5" 02 saturation (o/o) gr.41 91.92 u.44 .CO2(mg/L) 0 O n
BOD (mg/L) 1.37 0.16
Klorofit-a (pg/L) 10.71 14.2g
T-Alkatinitas (mdl) 66 58
DHL (pS) 230 z2o
TDS (ppm) 120 110
Turbidity (NTU) S.98 14.59
TN (ppm) s.62 4.93
N-NO3 (pg/L) 0.s8 0.26
p_pOa (pg/L) 3.90 3.90
TP (pg/L) 28.3i s4"47
TSS (mg/L) 33 37
Transparancy (cm) 38.s

Sa(mt 5.03

Cultere area 27rc/20}9 pH 7.5 t.S 7.sGpS: Temperature (oC) 30 30 30 29.sS :0f52,26.3,' Disolved 02 (mg/L) 6.63 6.14 5.74 0.0E : 1 10054,33.9' oa saturation (%) g7.65 81.24 75.gg 0.00
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Table 3 (Continued)

Sup/fpiniry paprs

Station Date Parameters Depth (m)
0 3 5 Bottorl

Tengah I

GPS:

s :07452',10.g',

E : 110054'28.9',

28t5t2009 pH

Temperature fC)
Disolved Oz (mg/L)

02 saturation (o/o)

COz (mg/L)
BoD (mg/L)
Chlorofil-a (pg/L)
T-Alkalinity (mgtL)
DHL (uS)
TDS (ppm)
Turbidity (NTU)
TN (ppm)

N-NOg (pg/L)

P-pOr (tig/L)
TP (pg/L)
TSS (mg/L)
Transparancy (cm)
Depth area (m)

2815t2009 pH

Temperature (oC)

Disolved Oz (mg/L)

02 saturation (o/o)

CO2 (mg/L)
BOD (mg/L)
Chlorofil-a (pg/L)
T-Alkalinity (mg/L)
DHL (rtS)
TDS (ppm)
TurbkJtty (NTU)
TN (ppm)

N-N03 (pg/L)

P-PO4(pg/L)
TP (pg/L)
TSS (mg/L)
Transparancy (cm)

6.06 5.66

102.23 80.17 73.56

0 1.76

7.5

29

1.13 0.32 1.78
9.52 22.61 16.66
78 88 61

250 240 240
130 120 120
7.24 2.14 2.97
2.88 6.3 4.25

0,35 0.49 0.49

2.23 3.07 3.90
31.39 26.11 47 .23

I
30.6

7.60

7.5

30 29

4.28

55.69

5.28

11 24
129.5
17.16

lnlet S,Wiroko
GPS

s: 07053'99.2.

E:110054'96.4'

8 7.5 7.5
30.5 29 29 29

7.19 5.98 5.01 4.53

96.80 77 .76 65.15 58.85

0 0 2.u 3.52
0.57 0.16 -0.16
1 1.9 8.33 13.09
u8152
250 220 220
120 120 120
44.8 24.5 20.2
2.88 2.19 4.25

0,67 0.58 0.40

4.73 4.73 3.07
30.4 23.83 32.48

18 11 51

G2.5

7.54--_ Qgpth qre_a (m)_.
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Table 4. water euarity at Gajah Mungkur Reservoir on Jury-August 2009

Supcorttttg papers

StaUon Date Parameters Depth (m)

Cage Culture of
Aquatarm

GPS:

S:0/52'18s"
E : 110054'25.5"

01/0812009 pH

Temperature (oC)

Disotved Oz (mg/L)

Oz saturation (%)

CO2 (mg/L)
Chtorofit-a (pg/L)
T-Atkatinity (mg/L)
DHL (pS)
TDS (ppm)
Turbidity (NTU)
TN (ppm)

N-NO3 (pg/L)
p-pOq (pg/L)
Tp (pg/L)
TSS (mg/L)
Transparancy (cm)
Depth area (m)

01/08/2009 pH

Temperature fC)
Disolved 02 (mg/L)

Oz saturation (%)

CO2 (mg/L)
BOD (mg/L)
Chtorofil-a (pg/L)
T-Atkatinity (mg/L)
DHL (rrS)
TDS (ppm)
Turbidity (NTU)
TN (ppm)

N-NOr (trg/L)
p-pO4(pgil)
Tp (ps/L)
TSS (mg/L)
Transparancy (cm)

I 7.5 7.5
28.7 27 27

6.71 4.U 3.88 3.7
87.22 50.70 48.67 46.64

0 1.76 3.52 3.5211.9 5.95 35.7
84 69 70

280 270 270
140 140 130
5.98 8.56 8.98
0.48 0.65 0.48

4.27 0.28 0.26

0.55 0.73 8.00
30.43 18.93 64.57

81012
75
15

8

27.4

6.71

85.66

0

15.47
55

270
130

7.48
0.83

0.27

1.45
36.42

I

8

26.5

6.14

77.06

0

35.7
61

260

47.6
1.18

0.26

3.82
64.57

9.9

Outlet

GPS:

S:07"504s2"

E: 110055'620"
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Table 4 (Continued)

Pocition Date Parameterc Depttr (ml ----

- 
o 3 s--ffi-Middle I

GPS:

s:07052'193"

E: 110054'481'

lnlet S.Wiroko
Posisi (GPS)

s:0153,896'
E:110054,996"

29t07p.009

Temperature fC)
Disotved 02 (mg/L)

Oz saturation (0,6)

CO2 (mg/L)
BoD (mg/L)
Ktorofit-a (pg/L)
T-Alkatinity (mg/L)
oHL (pS)
TDS (ppm)
Turbidity (NTU)
TN (ppm)

N-NO3 (pg/L)
p-pO4(pg/L)

Tp (ug/L)
TSS (mg/L)
Transparancy (cm)
Oepth area (m)

2910712009 pH

Temperature fC)
Disotved 02 (mg/L)

02 saturation (%)

CO2 (mg/L)
BoD (mg/L)
Chloroftt-a (pg/L)
T-Atkatinity (mg/L)
DHL (pS)
TDS (ppm)
Turbkt$ (NTU)
rN (ppm)

N-NOa (pg/L)
p-po1(pg/L)
Tp (ps/L)
TSS (msA)
Transparancy (cm)

8

27.8

6.22

79.47

0
0.94

17.85
45

270
140

8.14
1.35

0.29

1.09
40.17

8

6.14

77.06

0
0.70
5.95

47
26A
140

8.55
0.48

0.26

0.73
18.93

14

8

27

5.41

67.93

0
-0.03
9.92

70
270
130

7.87
0.83

0.25

0.73
26.01

11

27

5.30

0

I
27

50
10

88
27.5 26

5.90 4.53

75.43 55.80

00
0.86 -0.67
14.28 22.61
38 67
270 260
140 130
s.78 9.3
0.65 2.23

0.25 0.25

0.73 1.09
u.47 47.23

39
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Table 4 (Continued)

Supptlhry papers

Position Date Parameters Depth (m)
35 Bottom

I

Middle ll

Posisi(GPS)

s:0/54'986"
E: 110053267'

28 26

6.63 6.',t4

84.63 75.73

00
2.31 0.54
23.8 33.32
65 65

270 240
130 120
6.39 8.82
0.48 0.48

0.24 0.22

6.55 5.09
48.91 61.59

82
76

4.35

8.5
31.4

7,11

95.71

0
29.75

72
250
140

10.19
0.6s

0.26

1.27
57

26
70
4

lnlet S.Keduang
Posisi(GPS)

S:0/50'993"
E:110056'071'

2910712009 pH

Temperature (oC)

Disolved 02 (mg/L)

02 saturation (%)

CO2 (mg/L)
BOD (mg/L)
Chlorofil-a (pg/L)
T-Alkalinity (mdL)
DHL (yS)
TDS (ppm)
Turbidity (NTU)
TN (ppm)

N-NO3 (pg/L)

P-PO4 (pg/L)
Tp (trg/L)

TSS (mg/L)
Transparancy (cm)
Depth area (m)

01/08/2009 pH

Temperature (oC)

Disolved 02 (mg/L)

02 saturation (06)

CO2 (mg/L)
Chlorofil-a (pg/L)
T-Alkalinig (mglL)
DHL (yS)
TDS (ppm)
Turbidity (NTU)
rN (ppm)

N-Nog (pg/L)

P-PO4 (pg/L)
TP (psrl)
TSS (mg/L)
Transparancy (cm)
Depth area (m)

8

27

5.66

70.97

1.76
5,95
56

290
150
68.9
2.23

0.33

2.55
't8.93

76

I

Temperafure

The water temperature of Gajah
Mungkur Reservoir during the
observation was between 26 - 32 oC

and the water tended to decrease with
an increasing in water depth. The

temperature distribution on water depth
had an oligomictic pattern by a non-
significant different among depth (Table
3, Table 4, Figure 2 and Figure 3).
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-+- 5 tation 4 {- S tation 2

-&- S tation 3 €- S tation t

Supfiirg Papars

r 5 tation 6

5 tation 5

from the reservation of sediments at the
lose of the reservoir.

TSS and TDS

Concentration of TSS tended to
be higher in rainy season (February)
than that in dry season (August (Table
4)). lt may relate to eroded material
washed out by the rain fall. TSS value
was higher in the inlet of Keduang than
that in other stations indicating highest
erosion and sedimentation.

Unlike TSS, TDS content tended
to be significantly lower in in rainy
season (February) than that in dry
season (July-August) (Tabte 4),.. High
TDS content in dry season may relate

-+- S tation 4 -{- S tation 2 S tation 6 -I-S tation 3

De pth {m I

Figure 2. Temperature of Gajah Mungkur Reservoir in February 2009.

Jfl
icn

Depth (m)

Figure 3. Temperature of Gajah Mungkur Reservoir in August 2009.
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Transparancy

Transparancy tended to be
significantly high in rainy season
(February) than that in dry season
(July-August), (Tabte 4).

The decreased values in dry
season was due to the lowest water
level. The transparency value also
significantty increased from the shallow
area (near inlet or offshore area) to the
deep area ( middle area). The
decreasing of the transparency values of
the inlet area was due to accumulation
of inorganic particles originated from
the erosion of the watershed area and
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to concentrating of the ion as a result of
decreasing in water level. The TDS load
can be caused by the antrophogenic
substances from domestic or fish cage
culture in reservoir (Effendi, 2000).

Dissolved Orygen Content

Dissolved oxygen content (DO),
an indicator of environmental sensitively
of aquatic life, mainly fish, derived from
photosynthesis and also from physical

processes, such as current and
temperature. Dissolved orygen content
in all stations from the surface layer uo
to 5 m depth were in the tolerable-ranqe
(> 3 mg/t) for fish life. At the bottom-of
the reservoir, the dissolved orygen
ranged from 0 to 6 mg/!, and it tendeC
to decrease with an increasing of water
depth (Tabte 3, Tabte 4, Figuri 4 and S)

SupptirB papers

--+-Station4 {-station 2 a Station 6 {-Station 3

co

Depth {m}

Figure 4. Dissolved orygen of Gajah Mungkur Reservoir in February 200g.

--+-Station 4 -.F-Station 2 e - Station 6

-t- S tation 3 *ffi*- S tation 1 .-.-$.-- S tation 5

m

Dep$ (m)

Figure 5- Dissolved orygen of Gajah Mungkur Reservoir in August 2009.
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N/P Ratio (Fg/L) and Chtorophyil a

Total phosphor in all stations
were in.the range of 18.9 - 115.4 (pg/L)
a$ wjfn average value of +9.2 (pg/l_);
while the range of total N were b.+g'-'13.87 mg/l with average value was
4.38 mg/t. The ratio of total N : totat p

{1.38 mgil : 0.0482 mg/t) ar Gajah
Mungkur Reservoir wa1 gg.e : 1,
sho,ved that the total p as a limiting
factors, where N/p ratio > 16:1 (Mason
1993 in Effendi 2000). Based on the
fertility classification using average total
P and total N as parJmeters, Gajah
Mungkur Reservoir was classified as
eutrophic water (UNEp_tETC_|LEC_
2001), Based on the classification of
QFCF (19s6) in EEA (2001) usins
chlorophyll a (Table 4) as the indicatoi
Gajah Mungkur Reservoir has also
reached eutrophic-level.
TRIX lndex

The trophic slate depends on the
availability of nitrogen and phosphorus
for the primary production, which in
terms determines the phytoplankton
biomass and oxygen saturation. The
TRIX values at station 1(middte_l),
2(inlet. Wiroko), 3(middte-tt)=, a(Cage
culture), _S(ouflet), and (inlet XeOiran-g)
was 4.9, 5.8, S.4, 5.9,.7, and -6

respectively. Based on the fefiilitu
classification of TRIX , the productivity of
the Gajah Mungkur Reservoir tas
reached eutrophic level.

CONCLUSION
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DISCUSSION DURIf{G CONFERENCE

Question from : Mr. Gordon Douglas
Haffner

1. Does an eutroph reservoir still
well advised to floating nets
aquaculture?

Answer:
An eutroph reservoir well used

for floating nets with consideration *
proportional feeding and water flow
through the ouflet is maintained so that
freshness of water with the turn of ine
new water to make fish in floating nets
do not stress.

. The catchment areas of Gajah
Mungkur Reservoir
from erosion and
problem.

were suffered
sedimentation

Based on the fertitity classification of
TRIX lndex, N/p ratio and Chlorophyll
a content, Gajah Mungkur Reservoir
has reached eutrophic level
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