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ABSTRACT

This study determined the distribution of selected trace metals (Cu, Cd, Zn and Pb) in the
dissolved (<0.45 um) and particulate (>0.45 um) samples at Sungai Buloh river, Malaysia. The
dissolved Zn, Cd, Cu and Pb concentration along the river was in the safety range. The dissolved
and particulate Zn, Pb, Cu and Cd concentration was measured and recorded. We found that
most of the metals exist in the particulate form and a consistent distribution coefficient (K,) value
indicated a low metals deposition occurred along the river. Therefore, it could suggest that most of
the anthropogenic input in the upper stream was transported along the river and it might deposited at
the estuarine of the river, which could affect the safety level of these metals at the surface sediment

and in the aquatic organisms in the study area.
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INTRODUCTION

Estuarine and coastal areas, being the
interaction zone between fresh and marine waters,
are highly complex due to tidal currents and waves'.
Unlike the comparatively steady-state situation of
open ocean water, the estuarine system is a point
where a free-flowing river meets the ocean in a
dynamically variable condition. Consequently, it is
one of the pathways where heavy metals discharge
from the river into the ocean?.

Heavy metals are among the most common
and significant environmental pollutants®. The

presence of these heavy metals in the environment,
especially aquatic ecosystems, could lead to health
problems if being consumed by living organisms
such as cockles over a long period of time. Exposure
to a high level of metal contaminants over a long
time may lead to adverse effects on organisms, the
aquatic environment, and human health*. Heavy
metals remain in the environment as highly toxic
micropollutants and might cause adverse effects
to living organisms. All the metals will be uptake
by the phytoplankton and marina biota, which are
eventually consumed by humans®. The dissolved
metals will enter the food web, which can cause
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River of Sungai Buloh is located on the
West Coast of Peninsular Malaysia. The main
economic activities in the Sungai Buloh River are
cockles farming, especially at the river mouth. This
is the largest cockles producing area in Malaysia
and Southeast Asia®. It is vital to have more
knowledge of estuarine systems since this is the
primary economic source of cockles, and it will be
supplied to markets where humans will be the final
consumers. From a previous study conducted by?,
the concentration of Cadmium, Copper, Lead and
Zinc in cockles was under the safe level set by
the Malaysian Food Act (1983) and Regulations
(1985). However, the anthropogenic activities in
this area are getting higher, which might affect the
habitat of the cockles. No recent related study of
the distribution of dissolved metals was found in
this area. Furthermore, the metals in the aquatic
biota, such as cockles, are in direct interaction with
the metals in the surface water, suspended matter,
sediment and interstitial water”. The concentration
of metals in this area is crucial to understand the
distribution of heavy metals.

Most of the studies conducted at Sungai
Buloh was related to the water quality index,
which includes the parameter of dissolved oxygen,
biochemical oxygen demand, chemical oxygen
demand, total suspended solids, ammonia nitrogen
(AN) and pH®'. There is a limited study being
conducted on the concentration of dissolved metals
in the Sungai Buloh river. The Water Quality Index
(WQI) in Sungai Buloh river was studied by®, who
stated that contamination of water is below the
standard of DOE Class | (drinking) and Class Il
(industrial) water standard. However, there is no data
on the concentration of dissolved metals have been
reported during their study. Besides, a few studies
related to the trace metals distribution in the area
were determined in the fresh water and sediment
samples'-'®. Less study was conducted to identify
the concentration of dissolved metals in the estuaries
water due to the high chloride ion in the water
sample. The analysis of trace metals in the seawater
sample is challenging due to the seawater matrix
issue. The uniqueness of seawater matric elements
such as Na, K, Ca, Mg and Cl require complicated
analytical methodology'®. The interference of other
elements in seawater raises the problem of analysis

of metals concentration. In this present study, the
pre-concentrated method by using chelex-100 resin
was applied to separate the selected elements
from the seawater sample'’?°. The Chelex-100
resin cation exchange (Na form) can overcome the
problem of interference of salt matrix®. Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) was
used for concentration determinations?'. Data of the
dissolved metal concentration in the seawater is
scarce in Malaysia due to their trace level existence
and the complex analytical technique. This fact
triggered the need for this research to obtain the
data of dissolved metals in the Sungai Buloh river.
This study aims to determine the spatial distribution
of the trace metals at the Sungai Buloh river.

MATERIAL AND METHODS

Study area & sampling

Sungai Buloh is located in the northern
quarter of the Petaling region, Selangor.
Sampling was conducted in early May 2018 at
Sungai Buloh river. An 8 sampling point was
selected from upstream to the downstream of
the river. The coordination point for each station
was recorded by using Garmin GPSMAP 64s
(Table 1), and the map was plotted using ArcGIS
(Fig. 1). The sampling points are marked as SB1 to
SB8, indicating Station 1 to Station 8, respectively
(Fig. 1). The depth of each station was recorded
by using a depth finder. The water samples were
collected by using a Van dorn water sampler at
the middle layer of each station. 1 L of water
sample was collected in each sampling point into
1 L polytetrafluoroethylene (PTFE) (Nalgene)
bottle then stored in an ice box. In situ parameters
measurement such as temperature, pH, DO, and
salinity were determined directly in each sample
point using a calibrated YSI Professional Plus
Multi-Parameters (603190 Pro Plus multi-prop).

Sample Pre-treatment

All glassware and bottle samples were pre-
cleaned and soaked for at least 24 h in 5% HNO,,
then rinsed with MilliQ water to minimise the mineral
contamination?. All the clean apparatus were used
only when it was fully dried. All chemicals are prepared
by the gravimetric method to increase accuracy as
the temperature of the solvent can be ignored.
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Fig. 1. The map of Peninsular Malaysia and the sampling point location. Point of SBS indicate the surface sediment
sampling point by 11 which SBS 1, SBS2 and SBS3 have the similar sampling point as SB 1, SB2 and SB7

A 1.0 L water sample in each sampling
point was filtered through a 0.45 um pore size
cartridge cellulose acetate filter paper (Whatman)
immediately after sampling. The filter paper was
dried until constant weight under room temperature.
The filtered water sample was acidified to pH <2 by
65% nitric acid (Merck) and stored in the refrigerator
(4°C )to stabilise the metal ions in the water samples
for further analysis.

Metal concentration analysis

Water samples were pre-concentrated
by using Chelex-100 resin following the method
suggested by, This Chelex-100 is applied for the
separation of trace elements in various samples such
as seawater and urine samples®. The separation
of trace metals by using the Chelex-100 resin
requires the least chemicals and low analytical
blanks compared to other isolation methods'”. The
major advantage of this method is that the seawater
samples can be transferred directly to the plastic
bottle used in the pre-concentration on Chelex-100.
A 100 mL of water samples was pre-concentrated at
pH 5.0 to 5.5. A4 mL of 1.0 M ammonium acetate
was added to the column for activation. A 100 mL of
samples were added into the column slowly. Next,
40 mL of 1.0 M ammonium acetate was added,
followed by 10 mL of 2.5 M HNO, for eluting the
sample. The First 3 mL of sample was discharged,
and another 7 mL of samples were collected into

a centrifuge tube?. The volume of the sample
was increased to 30 mL by adding MilliQ water.
Determination of dissolved metals in seawater was
performed using the Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) (Perkin Elmer, model
Elan DRC-e).

Acid digestion suggested by?® was applied
to extract the metals from the particulate sample.
The particulate metals (size>0.45 um) retained on
the cellulose acetate filter paper were analysed
by using ICP-MS after acid digestion to obtain the
concentration of particulate metals@.

The distribution coefficient of heavy metal

The distribution coefficient (K,) of heavy
metal between the dissolved (<0.45 um) and
particulate (>0.45 um) phase were measured. It
is calculated to determine the distribution of the
selected metals in the environment?”28, The equation
for the log K, was shown below?29:

Particulate metal concentration (pg/kg)

Log Kp=Log

Dissolved metal concentration (ug/L)

RESULTS AND DISCUSSION

Physical-chemical Properties

During our sampling activity, we have
recorded In situ parameters in each sampling point.
All the In situ parameters are listed in Table 1 below.
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SB 8 has the highest salinity, which was
20.67 ppt (Table 1). Salinity at SB 1 to SB7 was
considered as fresh water and SB 8 as brackish
water (estuaries system) as seawater mix with the
freshwater at this area®. The salinity at SB 7 was
0.14 ppt as this sampling point is located near the
estuaries system (Fig. 1). SB 8 was the highest
total dissolved solid compared to the other stations,
22398.83 mg/L (Table 1).%! reported that the salinity
is approximately the same as the total dissolved
solids. Thus, our study area includes two different
water type: freshwater station (SB1-SB7) and
brackish water station (SB8).

In the study area, the pH of the water
was in the acidic range (5.84-6.89) (Table 1). SB 8
was the highest pH, 6.89 (Table 1), among all the
stations. This might be due to the sampling point of
SB1 to SB7 were located in the river system, while
SB8 was in the estuary system. The estuary system
has a higher pH due to the mixing of seawater.
According to®, most natural freshwater has a pH
value range from 6.5 to 8.0, while the pH of marine

water is close to 8.2. The range of pH from 6.5 10 9.0
is mainly appropriate for aquatic life®®. However, SB
7 showed a slightly acidic, 5.8 (Table 1) compared
to the class 1A in National Water Quality Standard,
which is in the range of 6-9. It might be due to the
runoff of agricultural waste into the river water. The
nitrification of NH,, which is mainly found in fertiliser,
can cause acidification of soil**. The main activities
around SB 7 are agriculture activities.

Dissolved oxygen in water at Sungai Buloh
river ranged between 0.27-3.48 mg/L (Table 1).
SB 8 was recorded the highest dissolved oxygen
(3.48 mg/L) (Table 2), and SB6 had the lowest
dissolved oxygen (0.27 mg/L) (Table 1). Dissolved
oxygen in all stations at Sungai Buloh river was
lower than the National Water Quality Standard
(5-7 mg/L). This might be due to the presence of
several industries along with the river discharge
industrial effluent into the river system 9. Temperature
is in the range of 30.20-32.30°C (Table 1). The
lowest temperature was found in SB1 while the
highest temperature was found in SB8.

Table 1: In situ parameter in Sg Buloh river, Selangor was taken on 12 May 2018 during our sampling

Station Latitute Longitude Depth (m) Salinity (ppt) pH DO (mg/L) TDS (mg/L) Temp. (°C)
SB 1 3°17'26.52" 101°21'57.96" 1.20 0.11 6.40 1.57 158.60 30.20
SB2 3°17'26.87" 101°21'33.12" 1.33 0.11 6.52 1.67 157.95 30.50
SB3 3°17'12.84" 101°21'8.64" 0.90 0.11 6.47 2.26 157.95 30.60
SB 4 3°16'55.20" 101°20'35.16" 1.50 0.11 6.46 1.80 156.65 31.10
SB5 3°16'33.59" 101° 19'40.80" 1.50 0.11 6.39 1.81 154.05 30.90
SB6 3°16'11.63" 101°19'33.24" 1.60 0.11 6.19 0.27 155.35 31.00
SB7 3°15'50.04" 101°18'38.51" 2.60 0.14 5.84 2.41 189.15 31.10
SB8 3°15'21.24" 101°18'2.87" 1.80 20.67 6.89 3.48 22398.83 32.30

Dissolved Metals’ Concentration

Among the selected dissolved metals, Zn
has the highest concentration at 0.06+0.63 ppm to
0.64+0.67 ppm, while Cd has the least concentration
at 0.00+0.02 ppm to 0.02+0.04 ppm in Sungai
Buloh (Table 2). Dissolved Cu and Pb have a
concentration of 0.00+0.10 ppm to 0.02+0.16 ppm
and 0.01+0.10 ppm to 0.06+0.03 ppm (Table 2),
respectively. The order of dissolved concentration
was [Cd]<[Cu]<{Pb]<[Zn]. This order was in line with
the metals’ concentration in the core sediment™.

The highest concentration of dissolved Pb
(0.06+0.03 ppm, Table 2) and Cd (0.02+0.04 ppm,
Table 2) was determined at SB 3. The concentration
of dissolved Pb at SB 1 (0.06 mg/L), SB 3 (0.06 mg/L)

and SB 5 (0.06 mg/L) have exceeded the standard of
class IIA/IIB in INWQS, which is not more than 0.05
mg/L. The concentration of Cd at SB 3 (0.02 mg/L)
was exceeded the standard, which is 0.01 mg/L.
The sources of Pb and Cd in SB 3 might come from
the waste effluent from industrial activities. As the
sampling point is near the industrial area®, crude oil
used in industries released and runoff into the river
caused high concentration in the river. According to
the study of®®, the high concentration of Cd and Pb
in Sungai Buloh river was due to the production of
metallic industries. This industry released the waste
effluent into the river and caused the contamination.
The highest concentration of Zn was determined
at the first station, SB 1 (0.64+0.67 ppm, Table 2),
while the lowest was at the last station, which is SB
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8 (0.06+0.63 ppm, Table 2). The acceptance limit
for Zn is 5.0 mg/L, according to the INWQS. So, the
concentration of dissolved Zn in the Sungai Buloh
river is considered safe.

The highest concentration of dissolved
Cu was determined at SB 5 (0.02+0.16 ppb) and
SB 7 (0.02+0.05 ppb) (Table 2). These might be
sources from the agriculture activities near SB 7, as
suggested by (12). The concentration of dissolved
Cu is still under the standard of INWQS.

The lowest concentration of dissolved Pb,
Cu, Cd, and Zn was found at SB 8, located at the
estuaries system. The concentration of dissolved
metals in the river system was higher than in the
estuarine system, especially upstream of the Sungai

Buloh river. The concentration of dissolved metals in
both river and estuaries systems was still considered
in a safe range according to the INWQS. During the
mixing of fresh water and seawater in estuarine,
the flocculation process occurred might bring the
soluble phase and dissolved load decrease®%.
However, the dissolved metals might adsorb onto
the particles due to the density of electrons on
the surface of particles. In the aquatic ecosystem,
the heavy metals can be exits as dissolved and
particulate form®. Heavy metals in different phases
are able to interact with each other by adsorption,
flocculation, deposition and resuspension?®. The
particulate metals could settle down to the surface
sediment against time, and they can be released
back to the water column due to the changes of pH
and resuspension®,

Table 2: The concentration of dissolved (Diss.) and particulate (Part.) metals in river of Sungai Buloh

Station Concentration of heavy metal in dissolved and particulate phase, ppm
Cu Zn Pb Cd
Diss. Part. Diss. Part. Diss. Part. Diss. Part.
SB 1 0.01+0.17 2.408+0.08 0.64+0.67 30.91+2.23 0.06+0.12 2.82+0.11 0.01+0.02 0.81+0.05
SB2 0.01+0.03 1.472+0.09 0.15+2.10 8.34+0.43 0.03+0.44 1.83+0.14 BDL/+0.05 0.42+0.04
SB3 0.01+0.01 2.007+0.10 0.45+0.66 14.15+0.91 0.06+0.03 2.64+0.07 0.02+0.04 1.45+0.04
SB 4 0.00+0.08 0.974+0.23 0.21+0.99 3.86+1.21 0.04+0.26 1.47+0.21 0.00+0.03 0.36+0.07
SB5 0.02+0.16 0.921+0.07 0.30+3.14 3.53+0.66 0.06+0.63 1.38+0.59 0.01+0.11 0.24+0.09
SB 6 0.00+0.01 1.194+0.27 0.17+0.62 4.31+1.59 0.03+0.22 1.67+0.63 0.00+0.03 0.25+0.09
SB7 0.02+0.05 1.036+0.12 0.34+3.55 2.68+0.65 0.05+0.32 2.00+0.44 0.01+0.04 0.51+0.14
SB 8 0.00+0.10 0.210+0.10 0.06+0.63 1.10+2.50 0.01+0.10 0.39+0.46 0.00+0.02 0.03+0.07

Particulate Metals’ Concentration

The concentration of the particulate metals
was analysed by using ICP-MS after the acid
digestion procedure'. Zn was the most abundant
element in all the stations, followed by Pb, Cu and
Cd. Particulate Zn has the highest concentration with
a range between 1.09+2.50 ppm (SB8)-14.15+0.91
ppm (SB3); follow by Pb 0.39+0.40 ppm (SB8)-
2.82+0.11 ppm (SB1); Cu 0.21+0.10 ppm (SB8)-
2.4+0.08 ppm (SB1); Cd 0.034+0.07 ppm (SB8)-
1.45+0.44 ppm (SB3) ppm (Table 2).

The highest concentration of Zn, Pb,
Cd was found at SB 1 (Zn: 30.91+2.23 ppm, Pb:
2.82+0.11 ppm, Cd: 1.45+0.04 ppm, Table 2) while
the lowest can be found at SB 8 (1.10+2.50 ppm,
0.39+0.46 ppm, 0.03+0.07 ppm, Table 2). The
concentration of particulate Zn is high in upstream.
It has a similar distribution pattern as in the dissolved
metals’ concentration. Particulate Cd found the least
concentration among the four elements. The highest

concentration of Cu was at SB1 2.408+0.08 ppm,
while the lowest concentration of particulate Cu was
found at SB 8 (0.210+0.10 ppm, Table 2).

From Table 3 above, selected metals in the
particulate phase had been exceeded to the level
of standards of INWQS. This might be due to the
metals enter to the water column in the aqueous and
particulate phase*’. As the process of flocculation,
the dissolved metals turn into particulate metals
and increase the level of particulate metals in the
water column. Once the dissolved metals enter to
the estuarine system, it turns into flocs due to the
flocculation process. Hence, it could increase the
concentration of the particulate metal. A higher
concentration of particulate metals was found in
the upper stream. These particulate metals might
be attributed to the industrial effluent as most of
the industrial is located upstream. The municipal
wastewater discharge from the metal industry near
the Sungai Buloh river upstream contributes to river
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pollution®. The concentration of dissolved metals
reduced after the process of flocculation in the
freshwater and seawater®. During this process, the
dissolved metals change into floc form and reduce
the dissolved load. Hence, the least dissolved metals
were found in the estuarine system.

In general, most of the metal concentrations
in both dissolved and particulate phases remain
consistent. All the dissolved and particulate metals’
concentrations have small changes across the
Sungai Buloh river. The determination of metals was
predominantly in the particulate phase along the river,
and concentrations are all within the INWQS limits.

The Distribution Coefficient of Metals in the
Sungai Buloh River

The partitioning of metal between the
particulate (>0.45 um) and dissolved (<0.45 pm)
phases is commonly quantified in terms of the
distribution coefficient K 24142, The K is a measure
of the tendency of an element to be associated
and transported with the particulate phase*. High
particle reactivity for metal would tend to increase
that metal’s K, value.

Partitioning coefficients in the Sungai Buloh
river is shown in Table 4 above. The range of Log
K, ratio of Cu was between 1.73 (SB 7) and 2.84
(SB 8). For Zn, the K ratio value was between 0.90
(SB 7) and 1.74 (SB 2). The range of K| ratio of Pb
was between 1.38 (SB 5) and 1.73 (SB 2), while for
Cd was between 1.23 (SB 8) and 2.02 (SB 1) (Table
4). The higher the K, value, the higher affinity of metal
adsorption in the particulate phase**. This suggested
that Cu has the highest affinity bound in the particulate
form. All metals studied in the river exist more in the
particulate phase than the dissolved phase.

For Zn, Pb and Cd, the higher K, value was
determined at SB 1 and SB 2, located upstream of
Sungai Buloh. In contrast, the lower K value was
determined at SB 7 and SB 8 for Cu, Zn, Fe, and Cd
near the estuary system. Therefore, the decrease
of the tendency of heavy metals associate with the
particulate phase might be due to the mixing of fresh
water and seawater, as suggested by?.

From the result, it can be seen that all the
metals were found exist in the particulate phase as
the Log K, value was higher than 1. Different metals

have a different affinity towards the particulate
phase. Dissolved metals can easily enter the food
chain when uptake by the fish and consumed
by humans as a source of daily protein intake*.
No major changes in the element concentrations
from upstream to downstream. Particulate phase
dominated the physical speciation of Zn, Pb,
Cd and Cu in the river with a trend of partition
coefficients of (Cu(1.73-2.84)>Cd(1.23-2.02)>Pb
(1.38-1.73)>Zn(0.90-1.74)). This indicated that the
distribution of metals remains the same from the
upstream to the downstream and suggested possibly
low deposition of particulate metals into surface
sediment occurred along the river.

The concentration of heavy metal in sediment

Sediment is the ultimate sink of heavy metals
in the environment. The result of the concentration of
heavy metal in sediment was obtained from™. Asimilar
concentration order of Zn, Cd, Pb and Cu was found
in dissolved, particulate and sediment phases. The
highest concentration of Cu in the sediment was
determined at SBS 2 (28.61 ppm) (Table 5), while
the lowest was at SBS 3. On the other hand, SBS 1
and SBS 4 have a concentration of Cu at 10.82 ppm
and 11.85 ppm (Table 5), respectively. Moreover, SBS
2 has the highest concentration of Pb, which was
28.46 mg/kg (Table 5), and SBS 3 was the lowest
concentration which was 8.53 ppm (Table 5). The
concentration of Cd in the sediment was 0.099, 0.17,
0.060 and 0.19 ppm (Table 5) in SBS 1, SBS 2, SBS
3 and SBS 4, respectively. For the metals of Zn in
sediment, SB 2 was the highest concentration which
was 124.75 ppm (Table 5), among the four stations.
SB 3 has the lowest concentration of Zn, which was
43.46 ppm (Table 5).

Among the four metals concentration in
sediment, SBS 2 has the highest concentration
of metals in sediment while SBS 7 has the lowest
concentration of metals in sediment. However,
when compared to the concentration of dissolved
and particulate metals, the concentration of the
metals has higher in sediments. From Table 2 and
Table 5, the concentration of metals is higher in
sediment than dissolved form. It might be due to
the flocculation of dissolved form into the particulate
due to the flushing of water from the irrigation canal
(located nearby SB2) into the river. The mixing of
water from an irrigation canal and upstream water
caused the dissolved metals to turn into particulate
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and be deposited in the SB2%. Hence, it has been
suggested that the sources of dissolved metals at
SB 2 came from the discharge of the irrigation canal.
Among all the different phases of metals (dissolved,
particulate and sediment), a similar order was found,
which is the Cd<Cu<Pb<Zn. It can suggest that all
these metals are originated from similar sources.

To identify their biogeochemistry cycle
at Sg, we have studied the distribution pattern of
Zn, Cd, Pb and Cu in dissolved, particulate and
sediment phases across the Sungai Buloh river.
The concentration of metals in the particulate
phase in this river has exceeded the Standards
of Class IIA/B according to INWQS (Table 3).
However, its concentration was decreased from
the upstream to the downstream along this river,

954

similar to the dissolved phase. The distribution
coefficient indicated that these metals are present
more in the particulate phase along the river,
especially for Cu and Cd. A slightly consistent ratio
of Log K, was determined between both dissolved
and particulate phases along the river. It indicated
a possibility of low deposition of particulate
metals into the surface sediment along the river.
Furthermore, the distribution of these metals in
the surface sediment shown a low concentration
of metals, and their concentrations were below the
safety level, as reported by''. The result of Log
K, suggested that the heavy metals in the river
of Sungai Buloh do not vary significantly. This
could be an explanation for the less deposition
of particulate metals that occurs along with the
Sungai Buloh river system.

Table 3: Concentration of particulate metals determined during this study were exceeded the standards of
INWQS. Sources: DOE, 2019

Metals Standards of Class IIA/B according INWQS (ppm) Concentration of Particulate metals in Study Area (ppm)

Cu 0.02 0.21-2.41

Zn 5.00 1.10 - 30.91

Pb 0.05 0.39-2.82

Cd 0.01 0.03-1.45

Table 4: K, and Log K, value of metals in Sungai Buloh in May 2018
Station Ky Log K
Cu Zn Pb Cd Cu Zn Pb Cd

SB 1 207.06 48.67 50.75 105.53 2.32 1.69 1.71 2.02
SB2 253.28 54.46 53.78 105.74 2.40 1.74 1.73 2.02
SB 3 156.55 31.36 42.76 79.69 2.19 1.50 1.63 1.90
SB 4 219.25 18.02 38.01 91.49 2.34 1.26 1.58 1.96
SB5 55.54 11.79 23.88 40.69 1.74 1.07 1.38 1.61
SB6 250.27 24.86 51.56 61.09 2.40 1.40 1.71 1.79
SB7 53.90 8.00 39.06 73.02 1.73 0.90 1.59 1.86
SB 8 691.09 17.56 29.74 16.89 2.84 1.24 1.47 1.23

Table 5: Concentration of metals in sediment in
study area. Sources:"

body and surface sediments along the Sungai
Buloh river, Selangor. Our results indicated that
dissolved and particulate metals are higher in upper

Station c Sed'mezm (ppm) o cq  Stream compared to downstream of the river due
. ; to the anthropogenic input. Most of the metals are
SBS 1 10.82 73.94 23.84 0.10 transported in the particulate form along the river.
SBS 2 28.61 124.75 28.46 0.17 This study revealed that a low deposition of metal
SBS 7 5.96 43.46 8.53 0.10  occurred in this river according to the consistent
SBS 8 11.85 77.69 17.33 019 Log K, value from upper stream to downstream.
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