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Abstract— Trend detection of hydrologic da a is useful in the investigation of water quality parameters. In this study, thirty physical-
chemical variables on water quality of Perlis River Basin were collected by Department of Environment (DOE) M alaysia from 2003 to
2007 were analyzed using the non-parametric Mann-K endall Temporal test. Based on this study, the results acknowledged parameter
variation over station due to the increasing of Cr concentration and reduction of COD along Perlis River Basin. Correlation
coefficients were calculated to identify the strength of the linear relationship between two variables and this unveiled that DS and SS
have the strongest correlation.
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Peninsular Malaysia consists of 11 states and two federal
territories with Perlis being the smallest state and situated at
Rivers are vital natural resources for all life on earth the northwest of Peninsular Malaysia. The length of the

especially human beings as it provides a water supply forPerlis River is approximately 11 km and it flows through
domestic use, irrigation for agriculture, transportation and Kangar city to up Kuala Perlis and the size of the river basin
also for industrial purposed. Even though there is alwaysis approximately 310 km2. In spite of this, the quality of
been a wealth of fresh water in Malaysia, clean water supplyPerlis River does not reach the desired level and is much
is declining because of the rising of water pollution lower compared to the major rivers in developed countries
problems. Today, Malaysia has become an industrializedwhich are used for recreational purpose. There has been
country but this cause destruction towards the environmentheavy erosion at the river resulting in shallow river banks.
Effluents from the industrial areas are being dischargedResidents surrounding the river are also known to have
directly into the rivers without prior treatment. These deposited solid waste into the river system bringing about
problems become the major sources of water pollution. Inthe highly unaesthetic scene. There is also a landfill located
addition, human activities such as the use of agriculturein Kuala Perlis where leachate flows into the water body.
chemicals, soil erosion due to improperly planned Squatters located around the river area have also contributed
development projects, uncontrolled land use activities and sao Perlis River’s pollution problems forcing a need for
on also contribute significantly to water pollution [1]-[4]. regular patrols or hut-to-hut checks. In addition, shrimp
Lately, river pollution by toxic chemicals and an excessive livestock ponds, Kangar wet market, esplanade of Perlis
amount of nutrients, resulting from surface water runoff, River, food stalls and the Kuala Perlis fisherman jetty also
leaching from landfill sites and ground water discharges contribute significantly to the water pollution at Perlis River.
have also increased public concern towards water pollutionSources of water pollution can be categorized into a point
issues. There is definitely a need to assess river water qualitaind non-point sources. Point source pollutants refer to those
in consequence to the increased understanding of theeasily identifiable pollutants which enter the water resource
importance of water quality towards public health and though a direct route, for example, effluent from wastewater
aquatic life [3]-[5]. treatment plants. Non-point source pollutants, on the other
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hand, refers to those pollutants which enter from variousRiver, Ngulang River, Serai River, Jernih River, Tasoh
sources, and they are difficult to control, such as storm waterRiver, Jarum River, Kok Mak River and Pelarit River are the
runoff [6]. main tributaries of Perlis River. Kangar, the capital and the
In this study, Mann-Kendall trend test has been applied tolargest town in Perlis is also situated by the Perlis River. It
detect the trends of water quality data and to identify thehas a population of 48,898 and an area of 2,619.4 ha and
sources of variations contributing to the pollution’s problem spread out along the Perlis River. According to the INWQS,
of the Perlis River. The non-parametric test had been widelythe status of water quality at Sungai Perlis is classified as
used to detect significant trends in time series. It also has theClass 1ll. Water under Class Il can be used as a source of
advantage that their power and significance are not affecteddrinking water but advanced and through water treatment
by the actual distribution of the data. Thus, this method is process is needed. Moderately tolerant aquatic organisms can
highly suitable to be applied in detecting trends of skewedsurvive under this classification and is also suitable for
hydrologic time series containing outliers [6]. Mann- livestock drinking needs. Fig. 1 shows the location of 11
Kendall's trend test method has been widely used inwater quality monitoring stations along the Perlis River
assessing the variability of hydrological time series [7]. The basin manned by the Department of Environment (DOE)
examples of earlier studies which applied Mann-Kendall's along the Perlis River Basin. The purpose of installing water
technique are trend study and assessment of surface wateuality monitoring stations is to monitor and observe the
quality in the Ebro River [8], hydrological trend analysis due changes of river water quality at the particular area.
to land use changes at Langat River basin [9] and theMonitoring stations had been installed at Perlis River
analysis of water quality trend in Eymir Lake, Ankara [10].  (2PSO01), Arau River (2PS02), Ngulang River (2PS03), Serai
River (2PS04), Jernih River (2PS05 and 2PS06), Tasoh
[I. MATERIAL AND METHOD River (2PS07), Jarum River (2PS08), Kok Mak River
(2PS09), Pelarit River (2PS10) and Kechor River (2PS11).
Table | shows the longitude and latitude of the water quality
monitoring stations at Perlis River.

The location of this study is the Perlis River. There are
more than ten tributaries within the Perlis area and Perlis
River is one of the most important rivers in Perlis. Arau

Thailand

Legend

@ Moenitering Station

Perlis River

&3 Jun Suus

Fig. 1 Map of Perlis River with 11 water quality monitoring stations along the main river

Water samples were collected for in situ and laboratory

A. Data analysis to determine its physicochemical and biological

The data of water quality at Perlis River was obtained characteristics. The data contained a total number of 30

from 11 monitoring stations along the Perlis River is shown parameters collected from the year 2003 until 2007. 30 water
in Fig. 1 manned by the Department of Environment, quality parameters involved in this study are, dissolved
Ministry of Natural Resource and Environment of Malaysia. oxygen (DO), biological oxygen demand (BOD), chemical

79



oxygen demand (COD), suspended [25] solid (SS), pHy NH
NL, temperature (TEMP), conductivity (COND), salinity
(SAL), turbidity (TUR), dissolved solid (DS), total solid
(TS), nitrate (NQ), chlorine (Cl), phosphate (R arsenic
(As), mercury (Hg), cadmium (Cd), chromium (Cr), lead
(Pb), zinc (Zn), calcium (Ca), iron (Fe), potassium (K),
magnesium (Mg), sodium (Na), oil and grease (OG),

From the equation above, the Rp and Rq are the ranks of
observationxp andxq of the time series respectively. It can
be observed that the statistic test relies only on the ranks of
the observations, instead of their actual values. This is the
so-called distribution-free test statistic. This test is well-
known for its ability in that its power and significance are
not influenced by the actual distribution of the data. In

methylene blue active substances (MBAS), E. coli and contrast, for parametric trend test such as the regression

coliform.

coefficient test, we can assume that the data obey to the
normal distribution and its power can be greatly influenced

B. Methods by skewed data [13].

Preliminary processing (pretreatment) on the data matrix The mean and variance of the S statistic are given by the
which included the reassembling the data was carried outequations as shown below based on the assumption that the
initially. Data which were below the detection limit were data set are independent and distributed as follows
complemented with values equal to half the detection limit.

There are two common types of correlation test known as (4)
Spearman rank coefficient and Pearson rank coefficient. (5)
Spearman rank coefficient may need ordinal data where its
calculation will be based on the rank of data. Spearman'swheren is the number of observations. A reduction of the
rank correlation coefficient is measuring on how strong the variance ofS will be computed when the tied ranks exist in
coefficient between variables in data analysis [11]. Based onthe data. The equation @ is given as follows
the Spearman rank correlation, there are two types of
correlation namely positive and negative correlations. The gs=
positive correlation shows two variables increasing together |

in a linear condition, whereas negative correlation shows oneﬂl'ﬂ (n—1)(2n +5) /18 - Tg_, td (td — 1) (2td + 5) /18
(6)

variable increasing and the others decreasing in a linear

condition. The model obtained based on training set can be

evaluated by comparing their predictions to the measured, perep js the number of groups of tied ranks adds the
values in over fitting test set. These values are calibrated by;oq gpservations. When the number of observations
systematically adjusting the various model parameters. Th&ecomes large, the statis@owill be normally distributed as
performances of the models are evaluated using the|mplied as follows

correlation of coefficients r (Spearman) as follows

ES =0
V(S = n (n-1) (n+5) /18

o 5—1)
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Here, Ai andA are the observed and mean values of the
actual parameters time series respectively. Ai and A are th
corresponding observed and mean values of the predicte
parameters time series respectively and n is the number o
observations [12].

In this study, analysis by using Mann-Kendall trends test

as applied in order to shorten the time consumption in the
Flata. The results obtained from the Mann-Kendall trends test
are then interpreted. Parameters processing which has the
values smaller than 0.1 indicate that there is an existence of
significant difference for that particular parameter. If the
statisticS shows a positive value, it is an indication there is

Mann-Kendall trend test were carried out according to an upward trend and if it shows a negative value, it indicates

stations and years. Mann—Kendall trend test is widely used® downward trend. Instead, for thg parameter which shqwed
to detect and assess the significance of a trend. In this stud)}he pjvalue f[hat greater than 0.1, it indicates that there is no
Mann-Kendall trend test was used to detect the trends OfS|gn|f|cant difference occurred for the parameter.

water quality data at Perlis River. The test is based on the
correlation between the observed parameters and their time
?e;lries. The formula for Mann-Kendall trend test is defined asa, correlation Sudy
ollows

C. Mann-Kendall Trend Test
After the data pretreatment, further analysis using the

I1l. RESULTS ANDDISCUSSION

The correlation matrices of the 30 parameters were
calculated (Spearman) and shown in Fig. 2. Due to the fact
that the of 11 stations were combined in calculating the
correlation matrix, the correlation coefficients should be
interpreted with caution as they are affected simultaneously
by spatial and temporal variations. From the figure, the clear
hydrochemical relationship can be readily inferred with high
and positive correlation for several parameters such as BOD,
COD, SS, COND, Sal, DS, TS, CI, Ca, K, Mg, Na, E .coli

S=Lpag &P (@)

where
1 Iy < xg

apq = sign &g-xp) = sign RQ-Rp) =40  xp = xq
-1 xp=xg

©)
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and coliform ¢ = 0.55 - 0.96). These parameters are various correlation coefficients between other parameters
indicative of water mineralization [9]. The correlation (0.998). Fig. 2 shows correlation maps between 30
coefficient between DS and TS is the highest among theparameters in Blue-Red scales.
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Fig. 2 Correlation map (Spearman) of parameters in 11 sampling site. The reddish colour indicates strong correlation and bluish indicates weak correlatior

B. Temporal Trend Analysis for Different Sations constituent concentrations over time. Instead, the
A trend was detected (positive or negative) quantified ‘confidence level’ percentage which is used to indicate the
levels of the above-mentioned trend were found by Sen’sreliability of an estimate could be calculated by subtracting
slope [9]. The statisti§ which appeared in Table 1 is used to the probability p) from 1 (Confidence = p- %). A
measure the trend in the data. A positive value of staSstic confidence level of 90% represents a significance level of
exhibits an increase in constituent concentrations over time = 0-1, 95% confidence correspondsite 0.05 whereas 99%

whereas a negative value of statiiexhibits a decrease in  confidence depict a significance level af = 0.01. A
confidence level of 90%, 95%, and 99% are applied in the
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Mann-Kendall trend test in this study. Four parameters dofrom the Station 2PS03 to Station 2PS10. The result of
not have a significant variation for all stations. These are Mann-Kendall trend test for Cr shows no trend at Station
BOD, pH, temperature, of water, mercury, oil, and MBAS. 2PS11 yet there is a positive value of 15 is observed for
Cr (90.9%) shows the highest variation throughout the Statistic S. The positive value of StatisBcindicated that
studied period. The temporal variation of Cr for each stationthere is a tendency for parameter Cr to show an upward trend
is shown in Fig. 3. As mentioned, Cr depicts a major numberat Station 2PS11 in future if there is no any precaution step
of detected an upward trend compared to the rest of theaken in controlling and improving the river water quality at
water quality parameters. Cr has the greatest degree ofhe particular station. The Mann-Kendall trends test is less
variation throughout the stations. Cr shows an upward trendaffected by the outliers in a dataset because its statistic is
at Station 2PS01pfvalue < 0.05), Station 2PS0g-yalue < based on the sign of differences, not directly on the values of
0.1), and at Station 2PS03 until Station 2PSi-@ajue < random variables [14]. Therefore, Mann-Kendall trends test
0.01). In other words, data showsvalue < 0.01 indicate = shows no significant trend but the graph shows an upward
that the parameter Cr experienced a significant upward trendrend.

Trend of Cr Concentration at Station 2PS11
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Fig. 3 Trend of Cr concentration at Station 2PS11

In addition, the evolution of parameter Cr from Station natural source of Cr in the input water. Solid waste from
2PS01 to Station 2PS11 could be observed through theprocessing plants chromate, when are improperly disposed of
graphical representation by using box plots (Fig. 4). Thein landfils can be a source of contamination of the
individual points beyond the whiskers are the outliers which groundwater, the residence time of Cr may be several years.
exist in the data [15]. Cr can be considered as a pollutantBox and whisker plots (Fig. 4) shows that stations 2PS02
specifically comes from industrial wastes, resulting from and 2PS11 have the lowest mean, minimum, maximum and
dying or paint operations [16]. According to [17], the reason maximum-minimum ratio of Cr concentration compared to
for the Cr pollution incidents within the study period is other stations. The Mann-Kendall trends test result showed
unclear. Initially, Cr is a specific pollutant that provides no trends at stations 2PS02 and 2PS11, but significant
evidence of the industrial pollution activities such as dyeing increments are detected at other stations. According to [19],
or paint operations. According to [18], the electroplating and anthropogenic activities such as tanning, painting, steel
textile industry is relatively large amounts of Cr released into works, plating, corrosion control and so forth will
surface waters. Leaching of soil and rock is the most vital significantly impact the water quality.
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Box and whisker plots of Cr concentration
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Fig. 4 Temporal variation of parameter Cr for different stations
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Conversely, for the water quality data which shows quality by a government agency such as DOE and
variation according to years or in the other words temporal Department of Drainage and Irrigation. In addition, there are
variations, 42% of the cases are not detected at all the yearqparameters which show two opposite trends such as coliform
There are 21% of upward trends have been detected from thé€l00% of the years), Ca (80%), Pb (80%), Zn (60%), Cr
year 2003 until 2007 and downward trends in 37%. The (60%), Cd (60%), P©(60%), Temp (40%) and N&J40%).
parameters such as Cond (100% of the years), Sal (100% ofhe remaining parameter which is OG has shown no trend
the years), DS (100%), TS (100%) and coliform (100%) hasfrom the year 2003 until 2007. Cond, Sal, DS, TS and
leaped out as the parameters which presented the majocoliform stand out as the parameter which has the greatest
number of detected trends. Besides that, parameters such asnount of detected trends throughout the studied period.
E. coli (60% of the years), Fe (60%), SS (60%), DO (60%), Parameter Cond and Sal have shown a significant downward
Tur (40%) and MBAS (20%) show a significant upward trend from the year 2003 until 2007. Both of the parameters
trend. Meanwhile, parameters such as Cond (100% of theare correlated with each other and thus when there is a
years), Sal (100%), DS (100%), TS (100%), Na (80%), Mg downward trend is detected for parameter Sal, a downward
(60%), As (60%), Cl (60%), K (40%), COD (40%), pH trend would appear for parameter Cond as well. The
(40%), BOD (20%), NI-NL (20%) and Hg (20%) show a relationship between parameter Cond and Sal can be proved
significant downward trend. Detection of downward trends by using the correlation plot. Fig. 5 shows that parameter
for these parameters indicates that there is an improvement€ond and Sal have a strong positive linear correlation and it
of river water quality at Perlis River. From the result, there isis exactly a perfect fit since th& value (0.9977) is
some actions have been taken in improving river waterapproximately to 1.

Correlations between Cond and sal
25
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R2=10,9954
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Fig. 5 Correlations between Cond and Sal

Parameter Cond and Sal experienced a significantelectricity. When there is less precipitation, soil erosion
downward trend throughout the five years are possibly duewhich usually leads to washing down the charged ions into
to the reduction in charged ions which appeared in the watethe water body would be lesser. Therefore, Sal which used to
body. Mineral soils along the river bank contain a huge measure the charged ions will be decreased and it will affect
amount of charged ions which are help in conducting thethe concentration of Cond directly.
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Meanwhile, parameter DS and TS also show the greatesfThus, downward trends are shown for both parameters.
amount of downward trends from the year 2003 until 2007. Coliform (100%) is the parameter which shows two opposite
Parameters DS is closely related to parameter TS as showtrends during the studied period. A significant upward trend
in Fig. 6. We can observe that parameter DS and TS have §p-value < 0.01) is detected at year 2003 and year 2007,
strong positive linear correlation. Therefore, a decrease inupward trend (p-value < 0.05) is detected at year 2004 and
DS will lead to a decrease in TS as well. Besides, correlationyear 2006, whereas significant downward trend (p-value <
of coefficient ® shows a value of 0.9991 which is 0.01) is detected at year 2005. The distribution of coliform
approximately to 1 and it is considered as a perfect fit for concentrations from the year 2003 until 2007 has illustrated
both parameters. in Fig. 7. The box and whisker plot (Fig. 7) reveals that year

Detection of downward trends for parameters DS and TS2005 had the lowest mean, minimum, maximum, and
in five particular years may due to a better waste maximum-minimum ratio of coliform concentration whereas
management has been implemented around the river aredhe year 2007 had the highest mean, minimum, maximum
Total solids not only included SS but also DS such as theand maximum-minimum ratio. For the other years such as
mineral ions Ca, P, Fe, S, and bicarnonate. A reduction inthe year 2003, 2004, 2006 and 2007, it shows a significant
domestic waste which discharged into the water body hasincrement.
significantly reduced the amount of TS and DS as well.

Correlations between DS and TS
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Fig. 6 Correlations between DS and TS
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Fig. 7 Temporal variation of parameter Coliform

Surface and groundwater [26] contamination with temporal trends analysis, a total number of five parameters
coliform can be attributed to the surface runoff through such as Cond, Sal, DS, TS, and coliform have the greatest
urban areas and meadow, disposal of sewage and so on [20&mount of detected trends. Besides, there is a higher
[24]. Therefore, a significant upward trend for coliform at variation for water quality data if compared with the spatial
Perlis River at the year 2003, 2004, 2006 and 2007 istrends analysis which depicts a lower variation of data. For
possibly due to the domestic waste or municipal sewagethe spatial trends analysis, the result shows that parameters
which discharged by the residents at the urban areas such aich as BOD, pH, Temp, Hg, Pb, OG and MBAS exhibited
Kangar. Meanwhile, the significant descent of coliform no trend. While for the result of temporal trends analysis, it
concentration at the year 2005 may due to the reduction ofshows that only parameter OG exhibited no trend. It may due
total disposal wastes or in the other words the to the development around the Perlis River at recent years
implementation of a proper waste management which couldand thus contributed to the high variability of river water
help to reduce the total wastes that discharged into the watequality data for temporal trends analysis. Hence, human
body. activities are significantly related to the water quality as it

As overall, the result of spatial trends analysis shows Crwill affect the water quality at Perlis River.
experienced the greatest degree of variation while for the
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IV. CONCLUSION [7]

Water quality data from 11 monitoring stations at Perlis
River has been statistically analyzed. Temporal trend [8]
analysis using Mann-Kendall's trends test revealed that Cr
manifests the most variation in all the stations studied. Noq
trend of Cr is observed at Station 2PS02 and 2PS11 whereas
the other stations showed strong Cr upward trends. The
increment of Cr concentration at Perlis River incidents
within the study period is pretty unclear. This parameter
needs to investigate on the next research. It is also observed
that coliform exhibit temporal upward trend throughout the [11]
study period. High variation of coliform at Perlis River may
be ascribed to the surface runoff of municipal sewage or[1o
domestic waste. Urban areas such as Kangar and various
agriculture activities are expected to contribute strongly to [13]
this problem.

In a nutshell, the methods applied in this study are 14]
successful in the assessment of water quality trends anc[l
pollution sources of the Perlis River. In the Malaysian
scenario, the abundance of historical data should be takef]
into consideration in future research or in any planned
monitoring program. The knowledge obtained from these
data will help in designing new sampling strategies, which
local authorities or government in developing a better river [16]
basin management. The use of statistical methods and trend
analysis should be encouraged in the analysis of the data,
which can bring about additional information and will prove [17]
to be useful in reducing cost and time of sampling. Thus, this
method demonstrated would help tremendously in the future
river water quality monitoring program.
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