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Seasonal variation in water quality at the northern coast of
Karawang-West Java, Indonesia
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Abstract : Observation of seasonal variation in water quality at the northern coast of
Karawang-West Java was conducted during the wet and dry seasons. The observation was fo-
cused on the monitoring of physical, chemical and biological characteristics through the sea-
son. Water quality was found to be mainly associated with seasonal change of precipitation and
wind-driven current. An indication of water quality degradation toward to the eutrophication
is obviously visible in the wet season by indicating high concentration of chlorophyll-a(C>4.0
1 g/ £ )at the area adjacent the coastal line. High precipitation in the wet season has affected on
the excessive discharge of the organic waste with high level of DIN and PO, and it caused the
enrichment of the coastal water. The residual agriculture and aquaculture organic waste were
suspected to be main source of water quality deterioration in the observation area.
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1. Introduction

The northern coast of Karawang, West Java
is situated at 60 km of east Jakarta in the north-
ern part of West Java (Fig.1). The land area
mostly comprised of the rice field. Due to the
potentiality, since 1985 land area along the
shoreline has been gradually converted into
shrimp pond with an intensification system. On
the early stage, this system had provided a
great contribution on shrimp production for
the region with the average production rate of
4 ton/ha. However, after one decade, the pro-
duction dramatically decreased less than 1.5
ton/ha. Rapid development of shrimp culture
within this region and uncontrolled utilization
of foodstuff as well as agriculture medicines
and chemicals supplied an appreciable pollu-
tion and caused the degradation of water qual-
ity in the coastal water. This water quality
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deterioration ultimately generated a various
diseases (PHILLIPS et al, 1993) threatening a
shrimp live since the early stage of the cultiva-
tion to the pre-harvest stage.

To overcome such environmental deteriora-
tion in this region and to preserve the area for
sustainable development, an integrated coastal
management by introducing an innovative ad-
vanced science and technology is necessary to
be established. The occurrences of water qual-
ity degradation due to the expansion of an in-
tensive shrimp culture in the several areas
have been reported (PILLAY, 1992; FLAHERTY
and KARJANAKESORN, 1995; CHUA, 1993 ; GOWEN
and ROSENTHAL, 1993), but for the northern
coast of Karawang it is still very limited. Since
the performance of shrimp culture yield is con-
sidered to be a problem within this region, a
systematic understanding of water quality
status in different seasons is important to be
clarified in order to provide a better and proper
management of shrimp culture in the future.
As a part of this object, our paper describes a
seasonal variation of water quality based on a
physical, chemical and biological characte-
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ristics in the wet and dry seasons as a basic in-
formation to improve shrimp culture manage-
ment within the northern coast of Karawang.

2. Observation

Observations to obtain a series of water qual-
ity data in the wet and dry seasons were con-
ducted by using a small boat. The surface
water sampling using a plastic bucket and di-
rect measurement of some physical parameters
(water temperature, transparency and salin-
ity) in the wet season were carried out at 07 am
—-03 pm (flood tide) on 5 April and 07 am—03 pm
(ebb tide) on 8 April 1993. Tidal range on 5
April was 70 cm and that on 8 April 80 cm.

While in the dry season, the similar activities
were also conducted at 07 am—03 pm (ebb tide)
on 5 August and 07 am—03 pm (flood tide) on 9
August 1993. Tidal range on 5 August was 60
cm and that on 9 August 80 cm. The study area
is located at the Northern Coast of Karawang-
West Java with the geographical position
6°03° 00"—6°11" 00" south and 107°22" 00" -107°
22" 30" east. The sampling stations consist of 13
stations in the coastal water and 9 stations at
the river and shrimp pond in the land area
(Fig. 1).

Water temperature was directly measured in
the field by thermometer, salinity by salino-
meter and transparency by Secchi disk. Chemi-

\\ - 06.03.00 S

- 06.07.00 S

06.11.00 S

E 107.22.00 ﬁ

107.29.00

Indian Ocean

Fig. 1. Observation area, sampling stations and depth contour (in meters) of the northern

coast of Karawang-West Java.
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cal and biological parameters were measured
in the laboratory. Total suspended solid (TSS)
was measured by gravimetric method, dissolve
oxygen (DO) by winkler method, dissolve inor-
ganic nitrogen (DIN) composed of nitrate, ni-
trite and ammonium were measured by
spectrophotometric method as well as phos-
phate (PO,) and chlorophyll-a (PARSONS at al,
1984). The averaged date derived from flood
and ebb tide measurements of each season
were then analyzed to obtain an information of
seasonal variation of water quality. The simple
cluster analysis was also employed to clarify
the effect of seasonal change of weather on the
water quality (MAGURRAN, 1988).

3. Results
3. 1. Physical parameters

As shown in Fig. 2, the surface water tem-
perature in the wet season, which is averaged
from flood and ebb tide observation, is rela-
tively higher than that in the dry season.

The surface water temperature in the wet
season and that in the dry season are within a
range of 30.5 to 32°C and 29.5 to 31°C, respec-
tively. Water temperature in the northwestern
part is higher than that in other parts in the
wet season, while water temperature in the
northeastern part is higher than that in other
parts in the dry season. In the contrary, salinity
in the wet season is lower than that in the dry
season. Salinity in the wet season is within a
range of 13.00 to 23.00 psu and that in the dry
season is within a range of 23.00 to 27.00 psu.
Surface water density governed by tempera-
ture and salinity in the wet season is also lower
than that in the dry season with the value
within a range of 3.0 to 13.0. While that in the
dry season is within a range of 11.0 to 15.0.

Water transparency in the wet season is
lower than that in the dry season as shown in
Fig. 3. Water transparency in the wet season is
within a range of 10 to 60 cm for coastal water
and 5 to 34 cm for land area. In the dry season,
water transparency is within a range of 20 to
110cm for coastal water and 9 to 68 cm for land
area. On the other hand, total suspended solid
(TSS) concentration in the wet season is high-
er than that in the dry season. TSS concentra-
tion of coastal water and land area in the wet

season is within a range of 2.60 to 3.40 g/¢ and
1.72 to 2.96 g/4 , respectively. In the dry season,
TSS concentration is within a range of 0.40 to
2.40 g/¢ for coastal water and 0.50 to 1.43 g/¢
for land area.

3. 2. Chemical parameters

As shown in Fig. 3, dissolved oxygen (DO)
concentration indicated the characteristic pat-
tern in both seasons, e.g. it is high at the front
of shrimp pond. In the wet season, DO concen-
tration is relatively higher than that in the dry
season. DO concentration is within a range of
5.70 to 6.30 mg/¢ for coastal water and 3.82 to
7.85 mg/¢ for land area in the wet season. In
the dry season, DO concentration is within a
range of 5.60 to 6.20 mg/¢ and 342 to 8.04 mg
/¢ for coastal water and land area, respec-
tively.

Dissolved inorganic nitrogen (DIN) derived
from nitrate plus nitrite and ammonium, and
phosphate (PO,) distributions are shown in
Fig. 4. DIN concentration of coastal water is
within a range of 0.80 to 0.95 mg/¢ in the wet
season and 0.75 to 0.95 mg/¢ in the dry season.
DIN concentration of land area in the wet sea-
son is within a range of 1.33 to 2.07 mg/¢ and
0.75 to 1.40 mg/¢ in the dry season. Higher con-
centration of DIN in the wet season is distrib-
uted more widely than that in the dry season
with the highest concentration to be appeared
in the area along the coastal line. PO, concen-
tration of coastal water is within a range of 0.36
to 0.41 mg/¢ in the wet season and 0.35 to 0.40
mg/¢ in the dry season. While in land area,
PO, concentration is within a range of 0.41 to
0.59 mg/¢ in the wet season and 0.38 to 0.51
mg/¢ in the dry season.

3. 3. Biological parameters

Chlorophyll-a as one of the marine algal’s
pigments is important in order to understand
the marine algal’s status in relation to the envi-
ronment condition in the certain area. Seasonal
variation of this pigment will also provide an
information of the water quality status. As
shown in Fig. 4, chlorophyll-a distributions are
drastically different in seasons. In the wet sea-
son, chlorophyll-a concentration is within a
range of 3.50 to 6.00 ¢ g/¢ for coastal water and
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Fig. 2. Surface water temperature (°C), salinity (psu) and density (sigma-t) in the wet (April
1993) and dry (August 1993) seasons.
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(mg/¢) in the wet (April 1993) and dry (August 1993) seasons.
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0.60 to 2.90 ¢ g/¢ for land area. However, in the
dry season, chlorophylla concentration is
extremely low within a range of 0.30 to 0.5
@ g/ for coastal water and 0.10 to 0.90
« g/¢ for land area. A high discharge in the
wet season has increased the DIN and PO, load
into the river body and generated an algal
bloom. It is obviously visible in the vicinity
area of the Ciderawak, Ciwadas and Tegal riv-
ers where chlorophyll-e concentrations are
higher than those in other areas.

4. Discussion

The northern coast of Karawang as a coastal
zone area is one of common areas in the world,
where the environmental conditions are af-
fected by the terrestrial and marine environ-
mental conditions. As a tropical area where the
seasonal change between the wet and dry sea-
sons strongly influences the environmental
situation, terrestrial and marine conditions are
also responsible on the environmental status.
Their influences indicated the different situa-
tion of the water quality between those sea-
sons. In the wet season, surface water
temperature was relatively higher than that in
the dry season. It may be due to stronger solar
radiation and higher air temperature in the wet
season. Though there is no data of solar radia-
tion and air temperature in 1993, we have an
average data of 1931-1960 for Jakarta area ob-
tained from Indonesian Meteorological Agency
as shown in Fig. 5. We suppose that the solar
radiation and air temperature in April 1993 was
stronger than that in August 1993 and this is
the primary reason why the sea surface water
temperature in April 1993 was a little higher
than that in August 1993. The similar situation
was also reported by SETIAPERMANA et al (1992)
where the sea surface water temperature in the
wet season is relatively higher than that in the
dry season. Nevertheless, more detailed investi-
gation to confirm such situation has to be con-
tinued by measuring supported parameters
such as heat flux.

Surface water salinity in the wet season
(April 1993) as well as its density is relatively
lower than that in the dry season (August
1993). As shown in Fig. 2, the salinity and den-
sity level in the area near the mouth of

Ciderawak, Tegal and Ciwadas rivers are lower
than those in other areas of the coastal water.
The influence of river discharge caused the di-
lution of salinity and density level. This situa-
tion occurred due to the high precipitation
level in the wet season as shown in Fig. 5.
The effect of seasonal variation of precipita-
tion on the water turbidity and transparency
was clearly visible in Fig. 3. The total sus-
pended solid (TSS) concentrations in both
coastal water and land area in the wet season
are higher than those in the dry season. It is oc-
curred due to a presence of high discharge in
the wet season. Higher concentration is found
at the area along the shoreline as well as the
mouth of rivers and front of the National
Shrimp Culture Pilot Project. Near the mouth
of Tegal’s river TSS concentration reaches 3.40
g/¢ . In the dry season, the effect of land water
on TSS concentration was also obviously visi-
ble at the front area of the National Shrimp
Culture Pilot Project which is reach 2.40 g/ . In
this case, the alteration of the turbidity level
was particularly due to the obstruction of
wind-driven current which carried the particu-
late matter by seawater drainage in front of the
National Shrimp Culture Pilot Project. This fa-
cility was constructed to intake clear seawater
from the area up to 1.5 km in the coastal water.
The wind-driven current in this area flows
southeastward in the wet season and north-
westward in the dry season as shown in Fig. 5.
In addition, a high load of TSS due to high
discharge in the wet season affected on water
transparency and dissolve oxygen (DO) con-
centration. As shown in Fig. 3, water transpar-
ency is lower in the wet season than that in the
dry season. The increasing of turbidity level
has caused the reduction of water transpar-
ency, but it seems to undisturbed the photo-
synthetic activity. This situation was obvi-
ously visible on DO concentration, that is, DO
concentration in the wet season is higher than
that in the dry season. The increasing of total
suspended solid (TSS) in the wet season fol-
lowed by increasing dissolved inorganic nitro-
gen (DIN) and PO. concentration has caused
the enrichment of coastal water and it gener-
ated an algal’s bllom. As shown in Fig. 4, chlo-
rophyll-a concentration extremely increased in
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Fig. 5. Profile of meteorological condition (Air Temperature, Solar Radiation, Evaporation,
Humidity, Rainfall, Air Pressure, Wind Direction and Wind Velocity) for Jakarta area de-
rived from the data in 1931-1960 (Data Source : Indonesian Meteorological Agency).

the wet season. For the coastal water, the al-
teration even reached more than 10 times com-
pared to the dry season, but slightly for the
land area. In this situation, the photosynthetic
activity was excessively strengthened and the
DO concentration in the surface water became
high. These results have indicated that there is

a strong correlation among the river discharge,
TSS, PO, DIN and chlorophyll-a concentrations
with seasonal variation and the effluents of re-
sidual organic waste from the rice field and
shrimp pond are suspected to be main sources
of water quality deterioration.

Meanwhile, to ascertain a seasonal change of
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wet (left, April 1993) and dry (right, August 1993) seasons based on physical, chemical
and biological characteristics.
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the water quality in the observation area, a
simple cluster analysis was employed based on
physical, chemical and biological characteris-
tics. The result is shown in Fig. 6. The coastal
water within this region can be grouped into
three according to the index similarity at level
80%. There is a strong effect of the seasonal
variation on the coastal water environment. In
the wet season, the great effects of freshwater
discharge are seen at the mouth of Ciderawak,
Ciwadas and Tegal rivers as well as the flows
of shrimp pond effluent. Those magnitudes are
varied to the location. The combined effect of
both Ciwadas discharge and shrimp pond are
shown in Group I, which reaches 3 km away
from the shoreline. Its influence extends to the
eastern part covering four stations (Stations 5,
7,8 and 11). The eastward movement of Group
I occurred due to the wind-driven current af-
fected by the Northwest Monsoon in the wet
season as shown in Fig. 5. Meanwhile, Group
II covering the six remaining stations are the
intermediate water mass mixed of both the ter-
restrial and marine environment.

The inverse situation was clearly presented
in the dry season where the rivers outflow was
not visible, except the outflow of shrimp pond
(Stations 11 and 12). The absence of rivers out-
flow is due to the low precipitation in the dry
season. In this season the effect of marine envi-
ronment is more dominant. The westward
wind-driven current due to the Southwest
Monsoon was obviously visible by extending
of Group Il covering 8 stations. On the other
hand, the coverage of Group I was also moved
to westward in the dry season. Because the ac-
tivity of shrimp cultivation does not depend on
the season, the effect of the organic waste efflu-
ent from the shrimp pond to the coastal water
was clearly visible from the movement of
Group L

5. Conclusion
Water quality in the northern coast of Kara-
wang is strongly affected by seasonal varia-
tions of precipitation and wind-driven current.
1. High precipitation and river discharge in the
wet season caused salinity and density levels
lower than those in the dry season. They also
caused TSS, DO, DIN, PO. and chlorophyll-a

concentration higher, and the opposite for
water transparency.

2. The occurrence of the excessive enrichment
at the coastal water due to the high load of
residual agriculture and aquaculture organic
waste, which is indicated by an algal’s bloom
in the wet season, caused the water quality
toward deterioration. A limitation of the
utilization of the organic matter, fish food
and chemicals as well as aquaculture man-
agement is recommended to recover the
water quality and the coastal environment
for sustainable development.

3. The cluster analysis shows the effect of
shrimp pond by the eastward spreading of
Group I in the wet season due to the North-
west Monsoon wind-driven current.

Because of the high potentiality of the observa-
tion area for the advanced agriculture and
aquaculture in the future, long term investiga-
tion covering physical, chemical and biological
parameters is necessary to be established. De-
tailed information regarding material transport
and its mechanism within the season will be
valuable to advice a better management and
utilization of this coastal area.
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