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Abstract: Oxygen is an element of utmost importance to life on earth. Lack of oxygen will cause the survival
of  a  species  in  an  area  to  come  to  an  end.  So this also apply too the aquatic habitat in the coastal zone.
This paper attempts to examine the trend of water pollution that is related to the element of oxygen in the river
and the focus of the study is on the coastal zone areas of Perak. The data used were from the Department of
Environment  Malaysia,  which  was  collected  in many years. The parameters used were COD, BOD and DO.
The analyses were carried out including descriptive analysis and Mann Kendall. The findings indicate various
values; on average the BOD value indicates the existence of contamination exceeding the standard with a
difference in value that is significant between the districts because there are districts of which the BOD value
is higher compared to the other districts. For COD, on average its value is still below the standard of the
Department of Environment, with the highest value recorded in Manjung district. At the same time, the DO
indicates good value for all districts in the coastal zone of Perak. The district that is experiencing oxygen-based
water pollution problems is the district of Manjung which recorded high BOD and COD values.
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INTRODUCTION and ultimately results in the negative impact for certain

Water pollution is described as the condition of water where its existence enables organisms to grow and
bodies that contain various elements in it. This allows the continue their life and thus, without oxygen, they will die.
water to be identified as pure water, clean and The presence of oxygen in the water bodies for the
contaminated based on the elements contained in the parameters of water pollution are identified through three
water. In fact, there are those who gave definitions of main parameters, namely biochemical oxygen demand
water quality by saying that it is a description of the (BOD), chemical oxygen demand (COD) and dissolved
reaction of the water composition toward all the natural or oxygen (DO).
cultural inputs in its environment [1]. Pollution occurs
when pollutants affect the quality of the water involved. Study Area: Coastal zone can be distinguished from the
Contamination includes any form of environmental border between the influence of salt water which can be
changes caused by human action that ultimately produce obtained by the land area and also the sea area bordering
negative effects [2]. At the same time, some say that water the shore mentioned earlier. Coastal zone is said as an
pollution refers to all the elements that bring about the area of critical convergence line between land, ocean and
contaminated condition of the water resources involved the atmosphere, in which it is an open system that is

purposes [3]. Oxygen is the most important element in life
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dynamic and complex [4]. Zelina [5] estimates that the limit areas, coastal flood plains and inland from the flood plains
of the coastal zone within the land area draws from the as well as the entire inshore area that is directly
strip of land up to five (5) kilometres inland from the discharged into the coastal waters [7]. It is a sensitive
coastline which is the convergence line between the sea system and if there is even a little change in the coastal
and land. In fact, if this coastline has a large area of zone, thus it will have an impact on the entire system
mangrove forest hence that strip of five kilometres would involved. He also said that it is here that the most
begin from the land border with that mangrove forest area. powerful  and  dynamic  natural   physical  processes
In comparison to peat swamp, the border of the coastal occur  and  among  the  activities,  it is the humans who
zone refers to the coastline area and the peat swamp area can change the  process  [10].  In  fact,  Jamaluddin  and
only, whereas the coastal zone for the sea area covers the Ismail [11] state that the term ‘coastal zone’ is a term that
border  of  the  coastline  up  to 320 kilometres from it [5]. is  very  wide  because  it comprises many small zones
In fact, there are those who expect the distance of the such as coastal waters and coastal areas. At the shore
coastal zone from the tidal shoreline is as far as one area, there are the foreshore areas and backshore areas
kilometre, which also comprises the areas of the delta, that contain the shoreline determined by the high water
swamp and boundary lines that are still influenced by sea mark line.
water. Coastal zone is said to be an area that refers to the Coastal zone boundaries do not exist normally and
area converging to the land area and wetlands close to the based on the coastline, coastal zone has two boundaries
coastline area, namely the place of convergence where the known as the boundary that is parallel to the coastline
sea and land meet. In fact, there are some who mention (long shore) and the perpendicular boundary facing the
that it refers to the area which extends out from the low coastline (cross shore) [12]. Carter [13] mentions that the
tidal level line to the land and sea as far as one kilometre coastal zone border can be detected through the state of
[6]. Ditton et al. [7] define the coastal zone as a meeting the slope or the transition of the surroundings of which
place between air, land and sea. It is also known as the the coastal zone is characterized through the physical,
critical area that interacts in it land, sea and the biological or cultural state of the place involved. For
atmosphere. The inter-relationship between these three coasts that slope with the presence of huge rivers, this
domains makes it unique. It can be recognised by the boundary will be at the back of the land area far from the
parallel  strip  of  land  area  and  the  area  near the sea coastline in comparison to the steep coasts where the
(land and water) that are interdependent. Coastal zone coastal zone will be narrower and converging in the
includes the transition and the inter-tidal area, wetland foreshore area only [14]. As coastal zones have a variety
areas, flood plains and flood plain land areas and includes of terrain comprising of land areas, river estuaries and
all inland coastal area of which its irrigation system coastal waters, they provide a functional place where the
directly flows into the ocean [7]. processes of production, consumption and exchange

For Hails [8], the definition of coastal zone still refers occur at high rates in the coastal ecosystem that has a
to the meeting point of the three elements above, but it is variety of habitats of which each contributes to the
also an area of human activity which interferes or may overall stability of the ecosystem. The naming of coastal
interfere with the ecosystem and natural processes zone that is given in the English language which refers to
biologically, chemically and physically. In fact, coastal areas or coastal zones has the same meaning,
Jamaluddin [9] states that the coastal zone is the most namely the boundary between land and sea that cannot
complex and dynamic zone and mutually influences each be clearly defined by lines on a map, but refers to the
other. Basically, the coastal zone has a sensitive physical changes between the two [15].
system of which in his expectations even if there is only Perak’s  coastal  zone  is  located  between 5° 10 and
a slight change, it will have an impact on the entire 3° 40  North and 100° 20  and 101° 00  East and its position
system. Jamaluddin [10] also provides his opinion that the is as  shown  in  Figure  1.  Its total area is approximately
coastal zone is a zone that experiences strong physical 12 per cent or 2517 square kilometres of the entire area of
processes and is dynamic in nature. It is a linear strip of Perak. Identification of the coastal zone area of Perak is
land and sea space that is found nearby (comprising of based on the definition presented in the Draft, National
water and submerged land portion) that is interdependent Coastal Resources Report [16]. There are 25 water quality
between  one another. It contains several zones such as observation stations located in the coastal zone of Perak
the transition zone between the intertidal areas, swamp state as shown in Table 1 and Figure 1.

‘
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Table 1: Location of Perak’s coastal zone river pollution observation stations
WGS84
------------------------------------------

No. Station. District River River Basin Lat Long
1 2BR02 Manjong Rotan Beruas 04 32 196 100 42 929
2 2BR03 Larut Matang Rotan Beruas 04 33 477 100 44 085
3 2BR04 Larut Matang Bruas Beruas 04 28 786 100 38 223
4 2DD01 Manjong Manjong Raja Hitam/Manjong 04 14 818 100 39 187
5 2DD02 Manjong Manjong Raja Hitam/Manjong 04 17 653 100 40 105
6 2DD03 Manjong Raja Hitam Raja Hitam/Manjong 04 22 554 100 41 376
7 2DD04 Manjong Derhaka Raja Hitam/Manjong 04 21 848 100 41 805
8 2DD05 Manjong Raja Hitam Raja Hitam/Manjong 04 22 874 100 42 328
9 2DD06 Manjong Derhaka Raja Hitam/Manjong 04 21 952 100 41 712
10 2DD07 Manjong Deralik Deralik/Wangi 04 14 641 100 41 648
11 2DD08 Manjong Deralik Deralik/Wangi 04 14 030 100 42 689
12 2DD09 Manjong Wangi Deralik/Wangi 04 16 381 100 47 117
13 2DD10 Manjong Wangi Deralik/Wangi 04 16 520 100 47 201
14 2KU01 Kerian Ara Kurau 04 01 959 100 47 343
15 2KU02 Kerian Kurau Kurau 05 00 442 100 31 971
16 2KU03 Kerian Kurau Kurau 04 58 595 100 36 129
17 2KU04 Kerian Kurau Kurau 04 57 772 100 39 026
18 2PK01 Perak Tengah Perak Perak 03 57 504 100 52 066
19 2SP01 Larut Matang Sepetang Sepetang 04 54 538 100 39 846
20 2SP02 Larut Matang Malai Sepetang 04 53 955 100 41 031
21 2SP06 Larut Matang Larut Sepetang 04 39 229 100 40 452
22 2SP07 Larut Matang Batu Teguh Sepetang 04 39 312 100 40 966
23 2SP10 Larut Matang Batu Teguh Sepetang 04 49 882 100 42 086
24 2SP11 Larut Matang Temerloh Temerloh 04 38 428 100 42 782
25 2SP12 Larut Matang Temerloh Temerloh 04 38 474 100 41 456

Fig. 1: Sampling stations and the main rivers of the coastal zone
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MATERIALS AND METHODS

Data: Quality  data  was  obtained  from  the Department
of  Environment  (DOE),  Malaysia.  Water  quality data
are  collected  serially  by  the  government departments
and  in the case of Malaysia it is collected by the
company  entrusted  by   the   Department of (3)
Environment, namely Syarikat Alam Sekitar Sdn Bhd
(ASTHMA  Sdn Bhd).  Application  to  obtain  water If the S test statistics shows a positive value, it
quality data was submitted to the DOE Putrajaya and signifies an increasing trend while a negative value
received due consideration. DOE had provided water indicates a downward trend. This is the conclusion
quality data for the last seven years only. In the case of presented in the analysis of the Mann-Kendall statistics
this study, the data supplied were from the year 1999 to in that if the value of S is greater than 0, it shows an
2007 only. Therefore, for this article, the data related to increasing trend  and  if  the  value of S is smaller than 0,
river water pollution to be analyzed were for those years it shows a downward trend.
only.

Analysis
Descriptive Analysis: Among the findings taken into The findings of this study are divided into three parts
account in this descriptive analysis are the value’s according to the parameters associated with oxygen
average, maximum value, minimum value and standard elements, namely BOD, COD and DO. The findings are
deviation. This is to diversify the perspectives for the also valued according to the year, the station, the whole
existence of extreme values for some stations that made coastal zone district and the development planning zone.
the average value obtained small, thus, other values
should be taken into account as well. This analysis was Biochemical Oxygen Demand (BOD): Biochemical
used for each observation station of the entire coastal oxygen demand (BOD) parameter is important in water
zone based on the planning zone and the district quality monitoring as it serves as a measure of the amount
administration zone. of oxygen used by bacteria during the occurrence of

Trend  Analysis  (Mann-Kendall  Test): Mann-Kendall materials in water. This parameter is used to measure the
test is widely used to analyze environmental data, level of water pollution, especially those arising from
particularly for hydrometeorology time series data organic wastes such as from the area of agricultural
analysis  such  as  river  discharge,  rainfall and development. High amounts of BOD are associated with
temperature  [17-18].  The Mann-Kendall (S) analysis river water pollution that is high [20-25]. The standard
states that the null hypothesis (H ) is presented as no used in Malaysia suggests less than 5 mg / l and if it iso

trends occurring while the alternative hypothesis (H ) above this value, it can result in the threat to the aquaticA

shows that there was a trend that occurred as in the ecosystem [20-21, 26-27]. However, the DOE has set the
equation below: Class III river water quality to less than 6 mg / l for certain

H : Prob [x  > x ] = 0.5 where j > i quality. For this article, the coastal zone’s water qualityo j i

H : Prob [x > x ]  0.5 (1) data used are for the period of nine years, namely from theA j i

The  Mann-Kendall  statistical  analysis is also a Department of Environment. Based on the findings
value that  is  able  to  indicate the direction and obtained, the BOD content in the water of the coastal
magnitude  of  the significance of the trend of a data zone of the Perak state is at an average value of 1.9 mg /
series  [19].  By  using  the Mann-Kendall analysis, this l to 8.67 mg / l (Table 2). The highest value was recorded
will enable us to show the increasing, decreasing or at the 2DD10 station in 2000. The lowest value recorded
stabilizing parameter trends. This S statistical test uses was  1 mg / l  at  various  stations  and  for various years.
the following formula: 40  percent  of  the  stations  in  Perak’s  coastal  zone  had

(2)

RESULTS AND DISCUSSION

biological processes for the decomposition of organic

cases. Basically, the lower the BOD, the better is the water

year 1999 to 2007 which was provided by the Putrajaya
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Table 2: BOD findings according to Borders (mg/l)
Administrative District Planning Zone
------------------------------------------------------------------------------------- -------------------------------------------------------------------------

Year/Area Coastal Zone Area Kerian Larut Matang Manjung Perak Tengah Northern Central Southern
1999 4.3464 2.1667 3.2778 11.1667 3.75 3.00 11.17 3.75
2000 5.4071 3.5833 3.1944 16.7292 1 3.29 16.73 1.00
2001 3.4107 2.5833 2.8333 7.2708 2 2.77 7.27 2.00
2002 2.9607 1.5000 3.4167 4.1458 2.25 2.94 4.15 2.25
2003 2.0286 1.6667 1.9444 2.9792 2 1.88 2.98 2.00
2004 3.8071 2.1667 2.1944 12.0625 1.75 2.19 12.06 1.75
2005 4.9714 3.0833 4.0833 12.0417 1.5 3.83 12.04 1.50
2006 3.2143 1.9167 3.3333 5.5625 1.75 2.98 5.56 1.75
2007 2.1000 1.7500 2.4722 2.0208 1.5 2.29 2.02 1.50
S -12 -7 -2 -14 -15 -6.00 -14.00 -15.00
Z -1.147 -0.629 -0.104 -1.355 -1.484 -0.52 -1.36 -1.48
P 0.2515 0.5294 0.917 0.1753 0.1378 0.60 0.18 0.14
Trend
Significant NS  NS NS NS NS NS NS NS
No. of record 896 108 350 402 36 458 402 36
Average 5.38 2.27 2.92 8.67 1.94 2.76 8.67 1.94
Standard Deviation 28.61 1.31 2.35 42.44 1.07 2.17 42.44 1.07
Minimum 1 1 1 1 1 1 1 1
Maximum 550 7 25 550 5 25 550 5

 (Declining), NS (Not Significant), S (Significant)

Fig. 2: Percentage Changes of BOD Value exceeding 5mg/l in the Coastal Zone of Perak state

recorded  maximum   values  exceeding  the  standard  of year 1999 to 2007. The significant value that was recorded
5 mg / l, with the rest recording values below 5 mg / l. is important to identify whether an increase or decrease in
Figure 2 shows a line graph for the percentage of BOD value is drastic or of a large-scale. The maximum average
values which were above 5 mg / l. Generally, the rate of value recorded was in 2000 (5.4071 mg / l) and since then
water  pollution  caused  by  organic  substances  that there was no mean of more than 5 mg / l; the minimum
was detected from the use of the BOD method in the value recorded was 2 mg / l. When examined based on the
coastal zone of Perak was declining from 1999 to 2007 districts in the coastal zone, the districts that presented
despite the increase in 2004 and 2005. the most sampling stations are Manjung (12 stations),

At the same time, the BOD parameter for all stations Larut Matang (9 stations), Kerian (3 stations), while the
in the coastal zone showed a downward trend. As rest are the Perak Tengah district with Hilir Perak district
presented in Table 2, the S value shows a decline, namely not having any sampling station. The average value of
-12 with a decline  that  is not significant (p> 0.05). This BOD in the Kerian district is still below 5 mg / l, namely
shows that in  general  BOD contamination in the coastal 3.92 mg / l (2005). This means that this district on the
zone of Perak was declining and becoming better from the whole has the overall value of BOD that will not pollute
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the  river  water.  Table  2  shows  the  values for the The average trend of BOD at the coastal zone by
Kerian district with values between 1 mg / l (in 2006) and district  shows  a downward trend as shown in Table 2.
6 mg / l (2005). If taken based on the DOE’s Class III water The district with the most decline was the Perak Tengah
quality, this district is still at a good level for pollution district (S=-15) and Manjung (S=-14). The average
associated with BOD organic matter. The average BOD maximum value recorded was 12 for Manjung district in
value obtained for the Larut Matang district shows that 2004 and 2005 and after that it was declining even further
the value is still below 5 mg / l with the highest record The average value for nine years did not show high
being 3.67 mg / l (in 1999). values, namely below 3 mg / l except for Manjung district

Overall, it has been demonstrated that this district is that recorded more than 6 mg / l, namely 8.22 mg / l.
still not gripped with problems of water pollution from Generally, the district that should be given attention in
organic sources. This district also has values between relation to BOD pollution in the coastal zone of Perak is
7.75 mg / l (in 1999, station 2SP06) and 1 (in 2006 and Manjung district because even though it showed a high
2007). Two of the nine stations showed values greater downward trend (S = -14), the average value shown for
than 5 mg / l (station 2SP01 and 2SP06). However, on the certain  years  was  still  high  above  the  standard used.
whole, the stations in this area showed a decline with the At the same time, the Perak state’s development plan has
highest value recorded was 3 mg / l at station 2SP01 in set four planning zones, namely north, northeast, central
2000. For the district with the most sampling station, and southern. Among the zones involved in the study
namely Manjung district it has been shown that every area  are  the  northern,  central  and   southern   zones.
year from 1999 to 2007 there are stations that showed The southern zone has only one sampling station (2PK01)
values of more than 5 mg / l with the highest value and the BOD value obtained was still below 5 mg / l in
recorded  was  153.25 mg / l (in 2000) and the lowest was which the highest value was only 4 mg / l (in 2000).
5.5 mg / l ( year 2003). On average, this district has a value Generally, it can be said that this zone is still not in danger
that  is  greater  than 5 mg / l with the highest value at of  serious  river  water pollution. However, an increase
16.52 mg / l (2000) and gradually declining until 2.48 mg / can  be  detected  from  only  1 mg  / l (in 2000) to 4 mg / l
l in 2007. However, the overall water quality in this area is (in 2007). For the central zone, average of two-thirds of the
still good as only 25 percent of the sampling stations observation years showed values above 5 mg / l with the
showed values of more than 5 mg / l and even then, these highest record being 16.52 mg / l (in 2000). However, the
were focused on three stations, namely stations 2DD04, average  value  was  found  not  to  be able to represent
2DD05 and 2DD10. As presented in Figure 3, the trend the  value  for the entire zone because of the extreme
that is shown is the downward trend. Overall, the districts values such such as 153.52 mg / l (in 2000, station 2DD04).
that are  having  problems with water quality related to This zone showed BOD value pattern that differs, with an
the BOD parameters are Manjung, Larut Matang and increase on certain years; nevertheless, it still has to be
Kerian, compared to other districts  which  have  less or examined as the value reflects the quality of water in this
no  sampling stations. Manjung district has a value that zone was declining in 2007 even though it recorded values
is excessively high, namely 153.25 mg / l  in  comparison below 5 mg / l in 2007. Meanwhile, the central zone
to  other  districts  that  only  have between 7.75 mg / l to recorded average pollution value below 5 mg / l. The
5 mg / l only. highest  average  value  recorded was 3.69 mg / l (in 1999)

Fig. 3: Percentage Changes of BOD Value Exceeding 5 mg/l in the Coastal Zone of Perak State
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compared to 7.75 mg / l (station 2SP06, 1999). Overall, the maximum value, it indicates that the coastal zone is at
BOD pollution in this zone is quite manageable with a high level of pollution with the value for some stations
diminishing value until the year 2007. However, a few being at the highest level for each year. Table 4 shows the
rivers should be given attention as they recorded descriptive statistics for the COD level of each station in
relatively high values such as 2SP06 and its value was the coastal zone from 1999 to 2007. On average, there are
declining.  In  conclusion,  the  central  zone  is the area three stations having high COD pollution levels, namely
that is experiencing pressure of BOD pollution and should stations  2DD06  (121.67 mg /  l),  2DD09  (130.33 mg / l)
be given more attention as compared to other zones. and 3DD10 (211.48 mg / l). The 2DD06 station showed a
Certain rivers such as the Manjung River need to be given high value for the lowest value (76.52 mg / l). The
attention  because  of  the  high BOD values. Although surroundings of this station essentially need to be
this central development zone is among the ones scrutinized even more because it recorded high values.
experiencing huge downward trend (S = -14) as shown in This station received a high load of organic pollutants
Table 2, the average value obtained in this area was still from the surrounding area and the upper stream of the
high, for example 16.73 mg / l (2000) and declining up to river. For the maximum value, seven stations recorded
2007 (1.5 mg / l). However, other development zones are values exceeding the standard with the highest value
still in good condition as their values were below 5 mg / l recorded by station 2DD10.
(Table 2). The trend of COD pollution level in the coastal zone

shows diverse patterns. Table 3 shows its trend using the
Chemical Oxygen Demand (COD): The COD parameter Mann-Kendall analysis. The overall trend of COD
has connection to the BOD parameter in which the oxygen pollution  in  the  coastal  zone  was  a   downward  trend
reaction for the decomposition process of organic (S = -8), with only three years recording average values
materials chemically needs to be monitored. Increase in exceeding the standard of 50 mg / l, namely the year 2000
COD readings in excess of the standard shows the (56.88 mg / l), 2004 (56.49 mg / l) and 2005 (61.7mg / l ).
presence of organic pollutants in the water bodies and Table 4 shows the simple descriptive statistics obtained
thus,  the  oxygen  required  is  also  of  a  huge  amount. for COD pollution. All the year showed a minimum value
An abundance of these organic pollutants directly causes of less than the standard (50 mg / l) and this showed that
lack of oxygen in the water and thus, living things in the at any one time, COD pollution is few with the lowest
water cannot get sufficient oxygen. The standard used by value recorded in 1999 (6.75 mg / l) and the highest value
the DOE for classification of clean for COD should not of the minimum was in 2005 (21.5 mg / l). However, at a
exceed  50 mg / l  for  Class III (net) (DOE 1986). Overall, later time, it showed that the maximum value of high
the COD content in water bodies in the coastal zone of pollution levels ever recorded was in 2005 (680.5 mg / l).
Perak is still under control, in that only three years had At the same time, the difference between the years was
recorded an average COD value of more than 50 mg / l, not able to be detected with the p value being less than
namely the year 2000 (56.88 mg / l), 2004 (56.49 mg / l) and 0.05 from the ANOVA test carried out. Investigation that
2005 (61.7 mg / l) (Table 3). However, the actual value was made based on district is shown in Table 3; it shows
exceeding  50 mg / l showed that a number of station and that on average only the district of Manjung had COD
year stood at a level beyond the standard such as in the value exceeding the standard, with the lowest was in 2007
year 2000 alone, in which the stations are stations 2DD07 (35.21 mg / l) and the highest was in 2005 (97.44 mg / l)
(52.52 mg / l), 2DD09 (298.75 mg / l), 63.5 mg / l), while in compared to the other districts which were below the
2001, the stations are stations 2DD03 (53.52 mg / l), 2DD06 standard of 50 mg / l. However, Manjung district showed
(241.25 mg / l). The highest value obtained was in 1999, a downward trend (S = -12) compared to other areas which
namely 6.75 mg / l for station 2KU01 and the highest value showed an upward trend such as Larut Matang (S = 16).
was in 2005 (680.5 mg / l). All the years recorded the Manjung district showed a lot  of  decline  in  the  levels
highest value of more than 50 mg / l and this can be of pollution  with  the  year 2006 being below the
described as the coastal zone having various levels of standard (37.23 mg / l) and continued to decline in 2007
COD  pollution.  Some stations showed low levels while (35.21 mg / l). Other districts showed an increase but the
some were high. Based on the average value, on the value  still  remained  below the standard of 50 mg / l.
whole it shows that the level of COD pollution in the Table 3 shows the results of the simple descriptive
coastal zone is still at the low level, where the highest analysis with the highest value still at the Manjung
value recorded was only 61.7 mg / l. However, if based on district (2650 mg / l) compared to the other districts.
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Table 3: COD average and Mann-Kendall trend analysis value according to Borders (mg/l)

Administrative District Planning Zone
------------------------------------------------------------------------------------ ------------------------------------------------------------------------

Year / Area Coastal Zone Area Kerian Larut Matang Manjung Perak Tengah Noerthern Central Southern

1999 36.87 21.42 19.14 55.56 18.50 19.71 55.56 18.5
2000 56.88 24.00 24.19 92.81 18.50 24.15 92.81 18.5
2001 47.09 25.50 25.44 70.73 23.00 25.46 70.73 23
2002 39.79 25.08 30.28 51.94 23.75 28.98 51.94 23.75
2003 36.14 28.50 28.86 44.29 26.75 28.77 44.29 26.75
2004 56.49 29.67 27.17 87.83 24.75 27.79 87.83 24.75
2005 61.70 33.58 27.31 97.44 26.75 28.88 97.44 26.75
2006 31.19 23.08 26.75 37.23 23.00 25.83 37.23 23
2007 31.72 25.50 30.14 35.21 22.75 28.98 35.21 22.75
S -8 15 16 -12 11 19 -12 11
Z -0.73 1.468 1.564 -1.147 1.06 1.887 -1.147 1.06
P 0.4655 0.1422 0.1179 0.2515 0.2891 0.0592 0.2515 0.2891
Trend
Significant NS NS NS NS NS NS NS NS
No. of record 896 108 350 402 36 458 402 36
Average 43.86 26.26 26.55 65.53 23.08 26.48 65.53 23.08
Standard Deviation 125.3 10.53 11.9 184.47 6.26 11.58 184.47 6.26
Minimum 35.65 11 3 3 13 3 3 13
Maximum 52.08 63 79 2650 38 79 2650 38

 (Declining),  (Increasing) Not Significant (NS), S (Significant)

Table 4: COD (mg/l) level in water according to station for the year 1999 to 2007

Station Total Month Average Standard Deviation Minimum Maximum

2KU02 36 28.00 11.56 24.09 31.91
2KU03 36 28.22 11.56 24.31 32.13
2KU04 36 22.56 7.10 20.15 24.96
2SP01 36 34.81 13.23 30.33 39.28
2SP02 36 39.86 11.58 35.94 43.78
2SP03 26 26.15 12.78 20.99 31.32
2SP06 36 27.42 11.33 23.58 31.25
2SP07 36 22.56 8.28 19.76 25.36
2SP10 36 23.64 8.69 20.70 26.58
2SP11 36 19.36 6.31 17.23 21.50
2SP12 36 23.42 9.12 20.33 26.50
2BR03 36 23.50 10.22 20.04 26.96
2BR04 36 22.75 8.63 19.83 25.67
2DD01 33 47.15 33.90 35.13 59.17
2DD02 33 47.48 30.56 36.65 58.32
2DD03 33 45.15 22.07 37.33 52.98
2DD04 33 29.15 16.89 23.16 35.14
2DD05 33 41.73 21.43 34.13 49.33
2DD06 33 121.67 127.33 76.52 166.82
2DD07 33 46.06 24.98 37.20 54.92
2DD08 33 33.21 20.55 25.93 40.50
2DD09 33 130.33 277.94 31.78 228.89
2DD10 33 211.48 538.34 20.60 402.37
2PK01 36 23.08 6.26 20.97 25.20
2KU01 36 18.33 7.68 15.74 20.93
2BR02 36 24.72 11.53 20.82 28.62

Total 896 43.86 125.30 35.65 52.08
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Table 5: Descriptive Statistics of DO

Station Total Month Average Standard Deviation Minimum Maximum

2KU02 36 8.70 13.25 1.40 59.1
2KU03 36 10.50 15.52 1.48 51.7
2KU04 36 24.15 35.08 3.49 107.2
2SP01 36 12.32 18.57 1.23 66.2
2SP02 36 8.54 12.52 0.82 57.5
2SP03 26 10.42 16.89 1.26 55.9
2SP06 36 13.71 20.20 1.26 69.0
2SP07 36 17.40 25.79 2.57 75.5
2SP10 36 18.44 26.89 2.59 80.1
2SP11 36 24.64 34.49 2.07 93.4
2SP12 36 24.65 34.03 4.08 94.1
2BR03 36 21.84 30.37 2.02 98.0
2BR04 36 23.95 33.75 4.51 103.8
2DD01 33 14.47 22.67 3.33 76.7
2DD02 33 11.53 17.36 2.63 65.8
2DD03 33 8.80 14.03 0.94 51.8
2DD04 33 10.69 18.17 0.00 81.6
2DD05 33 15.76 25.81 1.97 82.8
2DD06 33 9.30 18.04 0.00 80.1
2DD07 33 10.92 23.68 0.78 109.0
2DD08 33 12.76 20.98 0.86 97.6
2DD09 33 8.34 16.03 0.02 87.4
2DD10 33 5.24 8.17 0.06 40.3
2PK01 36 17.07 25.13 2.20 79.1
2KU01 36 26.23 36.48 4.20 103.2
2BR02 36 23.69 33.53 2.46 98.4

Total 896 15.35 25.02 0.00 109.0

Table 6: DO Trends for coastal zone, district and zone 1997-2007

District Zone
--------------------------------------------------------------------------------- ------------------------------------------------------------------------

Year / Area Coastal Zone Area Kerian Larut Matang Manjung Perak Tengah Northern Central Southern

1999 4.37 3.78 4.80 4.26 3.69 4.54 4.26 3.6875
2000 4.16 3.29 4.78 3.95 3.75 4.41 3.95 3.7475
2001 4.25 3.80 4.76 4.03 3.68 4.52 4.03 3.675
2002 4.10 3.59 4.69 3.76 4.38 4.42 3.76 4.3775
2003 56.37 48.80 62.50 53.72 55.78 59.08 53.72 55.775
2004 4.99 4.07 5.19 5.07 4.96 4.91 5.07 4.96
2005 4.52 3.58 4.95 4.53 3.31 4.61 4.53 3.31
2006 4.96 3.62 5.06 5.26 4.48 4.70 5.26 4.4825
2007 64.12 55.55 68.48 62.54 69.60 65.25 62.54 69.6
S 16 10 14 18 14 18 18 14
Z 1.564 0.938 1.355 1.772 1.355 1.772 1.772 1.355
P 0.1179 0.3481 0.1753 0.0763 0.1753 0.0763 0.0763 0.1753
Trend
Significant NS NS NS NS NS NS NS NS
No of record 896 108 350 402 36 458 402 36
Average 15.35 14.45 17.77 13.34 17.07 16.99 13.34 17.07
Standard Deviation 25.02 24.23 26.91 23.34 25.13 26.32 23.34 25.13
Minimum 0 1.4 0.82 0 2.2 0.82 0 2.2
Maximum 109 107.2 98.4 109 79.1 107.2 109 79.1

NS (Not Significant), U (Unchanging)/C (Constant),  (Increasing),  (Declining), = (Unchanged)
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Investigation based on the development zone 0 mg / l and the highest value at 4.51 mg / l. At the same
presented a variety of trends. Two development zones time, all stations had recorded the highest value exceeding
showed an increasing COD pollution trend, namely the the standard with its lowest value being 40.3 mg / l and
northern zone (S = 19) and southern zone (S = 11) the highest was 10.9 mg / l. Table 6 shows the trend of the
compared to the central zone that showed a downward DO  average  value  of  each  district in the coastal zone.
trend (S = -12). However, the annual average value of the All districts showed increasing trend which is good
two zones that were of the increasing trend did not go because of the increase in the DO value. The district with
beyond the standard of 50 mg / l. This is in contrast to the the most improvement was preceded by Manjung (S=18),
central zone which showed an average value that Larut Matang (S=14), Perak Tengah (S=14) and Kerian
exceeded the standard and continued to decline, (S=10). The lowest value was recorded by the Kerian
becoming better until the year 2007. Table 3 also shows district in 2000 (3.29 mg / l) but it was still above the
simple statistics of the COD value for each development standard of DOE (3 mg / l). Meanwhile the highest
zone. All the development zones had low COD values for average value recorded was in Perak Tengah district in
its minimum value and below the DOE standard. However, 2007 (69.6 mg / l). Table 6 shows the simple statistics of
the central zone recorded the highest value of 2650 mg / each district with all districts showing low DO values for
l and exceeded the standard compared to other zones the minimum value ever recorded, namely in the range
which were still below the standard. between 0 mg / l to 2.2 mg / l. However, at the same time,

Dissolved Oxygen (DO): DO refer to the oxygen content showed non-existence of DO problems with the minimum
in water bodies. The higher the DO, the better is the water value above the standard such as the lowest maximum in
quality. Total DO is affected by water temperature, salinity the district of Perak Tengah (79.1 mg / l) while its maximum
and atmospheric pressure [28] and water turbulence [29], was 109 mg / l. In conclusion, all districts in the coastal
in addition to the condition of the water’s current. The zone are at a good level and became even better for the
increase in water temperature and respiratory activities of DO parameters. For the development zone, there is an
aquatic creatures and vegetation as well as the aerobic upward trend. Two zones showed similar increasing
process by micro-organisms will result in reduced oxygen values, namely in the north (S = 18) and centre (S = 18),
content. Aerobic decomposition that occurs causes the compared to the south (S = 14) (Table 6). The minimum
oxygen content in the water to be removed and could value recorded for the zone indicates that it was still
result in diminishing DO content and cause the water not above the standard with its lowest value recorded was in
to  be able  to  sustain  aquatic  life  as  well as release the South zone (3.31 mg / l). At the same time, its maximum
foul-smelling gases such as methane and hydrogen value also exceeded the standard with its highest value
sulphide [20-21, 30]. DOE has set the monitoring of the was in the southern zone (69.6 mg / l) and lowest in the
water quality standard for Class III to the value of more central zone (62.54 mg / l). All zones had an average value
than 3 mg / l [20]. Essentially, Table 5 shows the exceeding the standard of the DOE (3 mg / l) for their
increasing  trend  of  the  DO  within  the coastal zone. minimum and maximum values. The minimum values of all
This trend indicates that the annual average value of all the zones were between 7.34 mg / l and 17.07 mg / l with
stations in the coastal zone is increasing and this is a the lowest in the central zone. For the maximum average
good situation because of the DO’s nature in which the values, the values were between 17.07 mg / l and 26.23 mg
higher the DO, the better is the quality of the water. / l. These values are far above the standard and this
Overall, the trend of the DO is increasing (S = 16) with the indicates that at any one time even if the zone had the
lowest value exceeding the standard of the DOE (3 mg / l) lowest value recorded, it still had recorded a good value.
in 2002 (4.1 mg / l) and the highest value was recorded in
2007 (64.12 mg / l). The investigation that was made CONCLUSION
according to station for the year 1999 to 2007 shows that
there were particular stations that were having DO Overall, the Perak state’s coastal zone is experiencing
problems  with  average  values  below the standard with problems of water pollution which refers to the
81 percent of stations having had recorded minimum insufficiency of oxygen in the body of the river water.
values  below  the  standard,  namely the lowest value of However,   not    all    observation   stations   showed  this

there were areas that showed high maximum values and
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problem  as  only  a few stations such as the ones in the 10. Jamaluddin M.D. Jahi, 1986. Beberapa aspek
Manjung district and the central development planning
zone that indicated the existence of such problem.
Nevertheless, based on the current trends shown, it is
possible that this problem is diminishing by interpreting
at the downward trend of the BOD and COD parameters
as  well  as  the  increasing  trend  of the DO parameter.
The focus in the coastal zone of Perak should be
concentrated on Manjung district and the central
development planning zone that showed high values with
imbalanced trends.
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