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ABSTRACT

To compare water quality in rivers of developed al®Vyeloping countries, a study
based on physicochemical parameters and dissole¢alsrievels was conducted. Water
samples were collected from selected sites in DHa&agladesh; Hokkaido and Osaka,
Japan; Erdent, Mongolia and West Java, Indonesialylis of least significant
differences revealed that most water quality patarsewere within comparable low
levels in both developed and developing countiié® dissolved metals concentrations
were found to be similar and below those of watendards except for manganese and
cadmium at every sampling point, and lead in Ertddviengolia. Some metals showed
high enrichment factors in the rivers of Osakaadagnd Erdenet, Mongolia, indicating
accumulation possibility of metals in the river-beediments. High concentrations of
dissolved organic carboB&scherichia coland dissolved metals suggested greater water
pollution in some rivers of developing countriesrthin the rivers of Japan. Principal
component analysis showed strong correlations etwelissolved organic carbon
(DOC) and chemical oxygen demand (COD)” and “comiglitg and total dissolved
solids (TDS)” at each sampling point, aBdcherichia colinitrate (NQ") nitrite (NG,)
and pH levels were found to be higher in the rividr®haka and Erdenet. In addition,
there were high levels of Al and Zn in West Java,iPErdenet, and Mn, Fe and Cr in
the rivers of Dhaka and Japan. Based on pressuesnapacts, it is evident that
dissolved metal, organic and fecal pollution in tivers of developing countries are in

somewhat dreadful condition in comparison withrikers of developed country.
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1. Introduction

A great variety of chemicals is present in wated aadiment, which can easily become
polluted as a result of rapid population growtmdalevelopment along river basins;
urbanization; unplanned industrialization and inmppdu agricultural operations in the
rivers of both developed and developing countrigs Rivers are the main sources of
both drinking water and irrigation for agricultur&hey also play vital roles in
transportation, maintaining soil fertility, the ddopment of forest resources and
conservation of wild life.

Most of the rivers in urban areas of developingntoes are the end point of
effluents discharged by industries [2]. Processistides such as tanneries, steel plants,
battery producers, and thermal power plants, alenth indiscriminate mining
operations that discharge toxic metal-containirflyefts, and fertilizers and pesticides,
pose a severe threat to the environment by ded¢ingr water quality [3-6]. Toxic
materials and metals are mostly disposed of inrgiue both developed and developing
countries.

Industrialized countries have well implemented nmimg and remediation
programs to reduce the environmental hazards asdciased risks of industrial
operations. On the other hand, there are few sumyrgms in developing countries [7].
Tremendous amounts of organic compounds, metals wandeated sewage are
discharged every day into the Buriganga, ShitalgkahTurag and Bongshi rivers of
Dhaka, Bangladesh. Domestic wastewater includimgaruwaste flows directly into the
Ciliwung, Cisadane and Cikaniki rivers in Jakartadonesia, and some accidental

leakages of drinking water pipes into the sewesagtem are everyday phenomena in
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Dhaka, Bangladesh, resulting in severe health [Bkdn Erdenet, Mongolia, the Tuul,
Hangol and Orkhon rivers are undergoing severerenwiental deterioration due to
unregulated mining activities [9]. Even in Japan,developed country, there is
degradation of water quality due to industrial\atgs, despite precautionary measures
taken before discharging the effluents into thensv

Assessments of general water quality and dissaivetils concentrations in aquatic
ecosystems have been extensively conducted [8,4t0Hbwever, there are few
publications comparing the general water qualitgt aretal pollution in developed and
developing countries [11]. The principal aims d firesent study were to determine the
physicochemical characteristics and dissolved metahcentrations of rivers of
developing countries in comparison with those ofeli@oed countries and the standard

values recommended by the WHO [15].

2. Materialsand Methods

2.1. Study areas

The Buriganga River, a tide-influenced river in BEdesh flowing west and then south
of Dhaka, originates from the Dhaleshwari river mtee Kalatia region. Its average
width and depth are 400 m and 10 m, respectivaly,iais only 27 km long. The Turag
River joins the Buriganga River at KamrangirchaDhaka. In fact, the main flow of
the Buriganga River comes from the Turag river. Bwgiganga is one of the most
polluted rivers in Bangladesh. Most of the indestrand factories in Dhaka are situated
on the banks of this river or very close to theerigystem. The Turag River, an upper
tributary of the Buriganga, originates from the Bsini River, flows through the
Gazipur district and joins the Buriganga at MirparDhaka. The Shitalakshyaa River

links with the Buriganga on the northwestern sifie¢he capital and is considered the
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second most polluted river in Bangladesh (Fig. 1a).

The Shiribetsu River, considered one of the cldaimedapan, originates from Lake
Shikotsu in Hokkaido. The river has a very narrdwarmel with a fast current and
passes through a mountainous area. The IshikaerRive third longest river (268 km)
in Japan, originates from Mount Ishikari and flalweough the cities of Ashahikawa and
Sapporo. The Dotonbori, Yodo and Aji rivers are sidared the most economically
important rivers in Osaka, Japan. The problemgigdnization and industrialization are
well managed in all areas of Japan (Fig. 1b).

The Tuul, Hangol and Orkhon rivers provide mosthef water for mining operations
in Erdenet, Mongolia (Fig. 1c). The Ciliwung, Cisa@ and Cikaniki Rivers are
important rivers in West Java, where the capitgi dakarta, is located (Fig. 1d).

Bangladesh is a low-lying, riverine country alorge tequator characterized by a
tropical monsoon climate. Indonesia is a tropicalrdry, whereas Mongolia possesses a
continental climate. They are all developing costwith severe environmental threats
caused by the development activities. Hokkaidoadap in the cool temperate zone.
Osaka has a humid and temperate climate, and maf@ industrial port and economic

center in the Kansai region of the main island ohshu, Japan.

2.2. Sample collection and preservation

A total of 39 sampling sites, 9 in Dhaka, Bangldgleé® in Hokkaido and 3 in Osaka,

Japan; 8 in Erdenet, Mongolia; and 10 in West Jengnesia were chosen as shown in
Fig. 1. All sampling points had extensive industmaining and agricultural operations

with several point and non-point pollution souroebjch were the main reason for the

selection of sampling sites (Table 1). It is eviddrat the pressures and impacts in the
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rivers of developing countries due to the above trnead activities are significantly
high in compare with the rivers of Japan. All samgplpoints along with the obtained
data were confirmed as representative data for eadr and each region. In
Bangladesh, water was collected on December 2710 #0in 4 rivers, the Buriganga,
Shitalakshyaa, Turag and Bongshi, surrounding #petal Dhaka, the fastest growing
industrial city in South Asia. These rivers arerelegerized by sluggish flow throughout
the year, except during the monsoon, when raimfalises a manifold increase in the
runoff. In Hokkaido, water samples were collectemhf the Shiribetsu River on May 25,
2010 and from the Ishikari on June 28, 2010. In@rsaka area, water was obtained
from the Dotonbori, Aji and Yodo rivers on July 2010. In Erdenet, water was
collected from the Tuul, Hangol and Orkhon rivenreni July 18 to 23, 2010. In West
Java, water from the Ciliwung, Cisadane and Cikamikers was collected from
September 8 to 15, 2007. Water samples were oetlect sterilized containers with
caps (500 ml) by the method of the APHA-AWWA [18&riefly, each container was
washed carefully with river water to remove any teomnants in the bottle before
collecting water. The water samples were filterethg Millipore membrane filters
(Omniporé, Ireland) with 0.45 pm pores and then stored itygtgrene bottles by
acidification with concentrated nitric acid (AR dm 60-61% with a density of 1.38

kg/L) to pH< 2 for metal analysis. Sampling bottesre kept at %C.

2.3. General water quality
The physicochemical parameters (pH, conductiviptalt dissolved solids [TDS],
temperature and salinity) of the samples were mredsmmediately at each sampling

point with a U-51multiparameter water quality met¢iORIBA, Kyoto, Japan)
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according to the instruction manual. The multipagten water quality meter was
calibrated every time at each sampling point witio standard solutions of pH 4 and
pH 7. An ion selective pack test (Kyoritsu Chemiclaéck Lab, Corp, Tokyo, Japan)
was employed to measure chemical oxygen demand YCOO@, NO;, PQ* and Cl
according to the instruction manual. The deteclimits of the ion selective pack were
COD (2 mg/l), P@ (0.02 mg/l), C1 (0.1 mg/l), NQ (0.02 mg/l), and N@ (1 mg/l).
Escherichia coli(E-coli) were measured with simple detection paper (Sajb#pan)
according to the instruction manual. Dissolved argacarbon (DOC) was measured
with a TOC analyzer (TOC-5000A, Shimadzu, Kyotqalg. For this procedure, 25 ml
of the filtrate was added to a 50 ml messflask andl of 0.1M HCI was mixed in.
Phthalic hydrogen potassium was used for TOC stdnsamples. Sodium carbonate
and sodium bicarbonate were used for inorganicoragtandard samples. The detection
limit of the TOC analyzer was 4 ppb.

Internal quality control was used in the measurdmainthe physicochemical
parameters and dissolved metals of the samplesach eegion. Analytical quality
control was assured by replicate analysis of sasnflaree replicates of each sample

were prepared and their physicochemical parameters analyzed simultaneously.

2.4. Metal analysis

For the dissolved metal analysis, river water sasphere filtered using Millipore
membrane filters (Omnipol¥, Ireland) with 0.45 um pores to remove the inskeub
materials followed by acid digestion with grade coRING; for 1.5 h. The precise
concentration of HN@was 60-61% with a density of 1.38 Kg/L. The pHloé samples

was measured to keep it below 2. The digested smmpkre transferred into a
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volumetric flask to analyze metal ions with induety coupled plasma—mass
spectrometry (ICP-MS, Seiko SPQ-6500, Tokyo, Japamding the specific
measurement conditions for metals described by ¢hamd al. [17]. This argon-based
method uses ICP as a highly efficient ion sourcestMnetals are ionized at 80 to 95%
efficiency and we used 1 ppb scandium (Sc), andiindIn) as internal standards. The
concentration of the target element can be deteunirom comparison with the target's
ion count and Sc or In ion count. This method wssdudue to the unavailability of
standard reference materials for the metals in wateevery region [18]. The
concentrations of dissolved metals were detectéldeang/ml (ppb) level. The detection
limits of ICP-MS were Al (0.005 ng/ml), Mn (0.03 /imgf), Fe (0.005 ng/ml), Cr (0.03
ng/ml), Zn (0.05 ng/ml), Cu (0.005 ng/ml), Cd (0.68/ml), and Pb (0.005 ng/ml).
Standard solutions were prepared from 1,000 mgdkssolutions of different metals of
interest (Wako Pure Chemicals Industries Ltd., iydapan) by dilution with ultrapure
water. The glassware was washed with nitric acibied by distilled water. All the
experiments were carried out in triplicate. Thaulisswere reproducible within an error

limit of £5%.

2.5. Enrichment factor

Contamination due to different metals was analyf@dthe rivers of all sampling
regions according to the enrichment factor (EF)e TBF (%) is usually used to
determine water and sediment chemistry in relationnatural and anthropogenic

pollution sources [19-21]. The EF was calculatedgighe following equation.

EF (%) ={(C — C min)/(C max— Cmin)} x100
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whereC refers to the mean concentration of dissolved ragtathe water sample (ppb)
and Cmax andCmin, refer to the maximum and minimum concentraigrange) in

(ppb), respectively, determined during the study.

2.6. Satistical analysis

To analyze differences among the sampling stationdifferent metal levels, one-way
ANOVA was applied followed by the student t-tesidentify the type of the data sets.
Pearson’s correlation matrix was also calculated didferent metals to trace the
common sources of pollutants [20]. The significafeee! in this study wa® < 0.05.
Multivariate principal components analysis (PCA)swesed to determine and interpret
the variables of water quality and to measure thaacteristic features of each region.

XLSTAT statistical analysis software (Addinsoftrs®n-2011.1) was used for PCA.

3. Resultsand discussion

3.1. Physicochemical parameters

The pH values were within the recommended range8&5indicated by WHO for the

sampling points in all countries except for S-3Dhaka and S-22 to S-28 in Erdenet.
The pH maintained by a well-buffered river can belauted to the fact that, normally,

running water is influenced by the nature of theasits over which the water flows

[22]. Water temperatures ranged from 20.6 to Z7.Which was in the temperature
range recommended by the WHO [15] except for tieritrers of Hokkaido, located in

the temperate zone. TDS is the common indicatopalfuted water. TDS can be

estimated by dividing the conductivity value (in htdn) by a factor of 1.56 [23]. The

measured TDS values ranged from 1180 to 1430 pptheirwater of Erdenet. These

10
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values exceeded the maximum level (500 ppm) fonkiéng water due to waste
discharge by several mining companies [15]. In Bhdke Shitalakshyaa River (S-3)
had a high TDS value (1118), as this river is #@pient of thousands of point sources
of pollution and in confluence with the polluted igianga River. High conductivity
values ranged from 503-1672 pS/cm in Dhaka, 19®223/cm in Erdenet, 70-400
uS/cm in West Java and 47-108.1 uS/cm in the riwdérgHokkaido and Osaka,
indicating high ionic pollution in Dhaka and Erdérmes compared with the rivers of
Japan and the WHO guideline. In Hokkaido, the lshikRiver (S-14) had a

conductivity value of 1932, as this sampling pauais just beside the Sea of Japan.

Samples had remarkable concentrations of nitrate (NG in sampling points
except S-1 in Dhaka, Bangladesh and S-13 in Hokkaidapan. The NO
concentrations greatly exceeded the WHO guidehnErdenet (5-16 ppm). Non-point
pollution sources such as agriculture and livestocky have contributed to the
increased N©@ and NQ' in the rivers of developing countries since Badgkh and
Indonesia are agriculture-based countries and Mangothe world’s most pasture and
livestock-based country. The increasedsNévels in the rivers of Osaka and Hokkaido
also may be explained by the study of Kido et &]l. \vho reported high levels of NO
and NQ'in the Tokyo aredue to acid rain and exhaust gases. COD mainlyexated
with the urban runoff carries household wastes aastes from streets and sidewalks;
nutrients from fertilizers; leaves, grass clippingsd paper from residential areas,
which increase oxygen demand. Oxygen consumedebgédiobic biological organisms
in the decomposition process of organics, makeuglaolkygen deficiency in the water

threatened the lives of other aquatic organismspr&ingly, the values for Clons and

11
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COD were lower than the recommended WHO values &&5200 ppm for COD and
CI', respectively) in the sampling areas of everyaegirhe highest COD value of 120
ppm was recorded in the Shitalakshyaa River in BH&«3 and 4). In the Cu Lake of
Erdenet (S-22), and rivers of Hokkaido and Osak&a($o 21), high levels of Cere
found. Dissolved organic carbon (DOC) in aquatiosgstems is one of the Earth's
largest actively cycled reservoirs of organic nratfehe dissolved organic carbon
(DOC) and the soluble COD are parameters for the or persistent compounds in the
water, which cannot be eliminated easily. The D@Is in this study were higher in
sampling areas except West Java, Indonesia (nerndieted) (Table 2). The main
source of DOC in these rivers is precipitation éaching of industrial effluents and
decomposition of house hold waste water along d&thd animals and plants primarily
in the form of dissolved fulvic and humic acids [2450, this study strongly
recommends developing and using easy and effeator&ing treatment systems like

constructed wetlands.

All sampling locations, especially in the rivers thle developing countries, had
markedly high levels of phosphate as compared tiehWHO guidelines (Table 2).
Phosphates generally enter water from phosphochskiedrock and from human and
animal waste, including that from laundry, cleaninglustrial effluents, and fertilizer
runoff.

The results attained from the microbial study iatkd that the microbial water
quality in the rivers of developing countries wa 80 good compared with the rivers
of Japan. Microbial pollution was widespread in maxm sampling points. However,
elevated level oE-coli was found in the rivers of Dhaka, Osaka and Erddie rivers

of Dhaka and West Java are the major outlets afddeand untreated sewage waste and

12
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industrial effluents. Mongolia is the livestock bdscountry and the catchment of every
river is mostly the pasture land. Enormous amounbiological waste are mixing
everyday in the river water and therefore significaumber ofE-coli is present.The
presence oE-coli in water is a strong indication of recent sewagemmal waste
contamination. Coliform concentrations in this stueere found amazingly higher in all
sampling areas except Shiribetsu River, Hokkaidgpad (Table 2). The Shiribetsu
River is one of the cleanest rivers in Japan asd ahdergoes high level of purification
and expectedly the coliform level is satisfactdrgese results indicated fecal pollution
caused by human activities and livestock, as ddmast agricultural waste as well as
human excreta were directly discharged into rivéveen these are used as sources of
drinking water and the water is not treated or @tpately treateds-coli may end up in
drinking water and may cause severe health danmadket people. Moreover, these
pathogenic bacteria can survive for up to one gedéemperatures fronf 4o 25C with
no loss of viability [25]. So, extensive care mum taken before discharging the
industrial, agricultural and household waste inte twater. Moreover, effective
sewerage and drainage system should be establsidetiaintained as soon as possible.
In this current scenario of fecal pollution, it che highly recommended to arrange
alternative safe drinking water. Besides, theoise risk of infectivity of the food web
when vegetables are eaten raw [26]. Kido el dlafl Dallas [9] also reported severe
fecal pollution in rivers of Indonesia and Mongolia

The general water quality of the rivers in both @leped and developing countries
suggested that there was little pollution on thesidaof the observed healthy
physicochemical status, although higher polluti@swexpected to be found in the rivers

of developing countries than those in Japan. Thephwdogical attributes of rivers may

13
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cause them to visually appear polluted, but iniyeahey undergo continual natural
remediation [27]. For example, dilution of contaatid river water by uncontaminated
water could be observed in the Buriganga Rivertaiikshyaa River and Turag River,
with the last one being relatively uncontaminatéde confluence of river water may
dilute the pollution level of the entire river sgst in Dhaka. Second, soil, sediment and
climatic variability may reduce the original contrations of pollutants in these rivers
(http://www.ecofriends.org/main/eganga/images/Cai20analysis%200f%20GAP.p
df).

3.2. Metal ions

The ranges of the dissolved metal concentratitres; means, standard errors, medians,
standard deviations, variances and confidence dewale given in Table 3.
Concentrations of Al, Mn, Cu, Zn and Cd in Westalee in Dhaka, and Pb and Cr in
Erdenet were found as maximum levels depicting dberall metal pollution in the
rivers of developing countries. In contrast, digedl metal levels were low in the rivers
of Hokkaido and Osaka, Japan. Mn in all samplirggaes, Pb in Erdenet, and Cd in the
rivers of West Java exceeded the standard levelnmeended by the WHO [15].
Statistically significant differences were calcelhtamong all sampling regions for Al
(P< 0.001 and F-9.03%F-2.96), Cu P< 0.001 and F-15.31%k-2.65), Zn P< 0.001
and F-41.19>F;-2.96), Pb P< 0.001 and F-76.423k-2.64) and CdR< 0.001 and
F-1947>F-2.64). These results indicated the discrete metatus (source and
distribution) in both developed and developing daes, except for Mn, Fe and Cr,
which had common features. The pH value plays arkéy for metal pollution and

higher pH keeps low concentration of dissolved isetapecially in the rivers of Dhaka

14
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and Erdent. To determine the common sources obldisd metals in the rivers of
Bangladesh and Japan, a correlation matrix waslleabdd for the metals in the water.
Table 4 shows significant correlations among Mnaké Zn in the rivers of Bangladesh,
and among Al, Mn, Fe, Cd in the rivers of Japana@d Cd in Bangladesh and Mn and
Fe in Japan showed close relationships with eduér ethereas Pb negatively correlated
with Cr. Alternatively, poor correlation was notbdtween Al and other metals in the
rivers of Bangladesh, suggesting that the attrimitél contamination was different
from other metals. We do not have firm hypothe$wwloy that may happen. Correlation
of the metals in the same water body may be dae tateraction between the different
metals in the same water body in the same couhhg.sources of these metals may be
the industrial operations on the banks of riversbdn runoff could be a source of
metals for river water, especially in the rainys®g as all sampling regions had high

annual rainfall except for Erdenet, which has aimeswme continental environment.

3.2.1 Analysis of metal enrichment factors

The EF% was calculated for different metals frohstldy sites to estimate both natural
and anthropogenic metal sources in relation totémelency to accumulate in river
sediments. The analysis showed that the riversagh eegion had identical EF (Al),

whereas EF (Mn), EF (Zn) and EF (Pb) were higheshe rivers of Osaka. The rivers
of Erdenet had the highest EF (Fe) and EF (Cr),redsethe maximum Cd and Cu
enrichment factors were 55.56 and 76.81 in Dhakh\aest Java, respectively (Table
5). These results suggested the scale of partiditamolved metal pollution in the

regions having the maximum EF (%). Lower EF valmescate unpolluted river water.

These results suggested great accumulation ofldesbonetals in river bed sediments,

15
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presenting a further threat to the water qualitycsi sediment pollution is an
important long-term marker for pollution [20]. Bdes, high pH values stimulate
accumulation of dissolved metals in riverine seditag(geoaccumulation) [28]. The
rivers of Hokkaido in mountainous regions may pigk metals and these metals have
low possibility to deposit into the bottom sedimeluie to the rapid currents of these

rivers and ends up into the ocean and do not athecsurrounding environment.

3.2.2 Principal component analysis

PCA provided quick visualization and showed cotretes among the initial water
quality variables (Fig. 2) [8]. To make the grasiéy readable, a representative data
set was chosen. The first 4 sampling points in Rh&k1 to 4), Hokkaido (S-10 to 13),
Erdenet (S-22 to 25) and West Java (S-30 to 33), 3asampling points in Osaka
(S-19-21) were selected for PCA. When two variablesfar from the center and close
to each other, they are significantly positivelyretated (r close to 1). If they are
orthogonal, they are not correlated (r close toAhen they are on opposite sides of the
center, then they are significantly negatively etated (r close to -1). Accordingly,
“DOC and COD” and “conductivity and TDS” were stghy correlated, ande-coli,
NOs; NO, and pH were weakly correlated with each other. fHoe that fecal coliform
bacteria and DOC were not significantly correlat@ght be due to the different sources
from whence DOC originates. Only Cbrrelated negatively with every other parameter,
and was present at high levels in the rivers oadapongolia and Bangladesh except
West Java (not determined). The levels of the remgiparameters were high in the
rivers of Dhaka and Erdenet (Fig. 2A and TableRjyure 2B shows that there were

high levels of Al and Zn in West Java, Pb in Erdeaad Mn, Fe and Cr in the rivers of

16
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Dhaka and Japan.

The major anthropogenic pollution was a big problerthe sampling water as some
rivers polluted withEscherichia coliNOs, NO,, PQ¥, Mn, Pb and Cdrom domestic
and industrial sources in developing countries.réfoee, the typical water chemistry
for all rivers may be considered to be a fairly g@verage for the respective country.
The mean metal concentrations in all rivers weneegaly lower than the estimated
world averages [15] and background concentratiomse@ Cd in respect to
environmental health. None of the observed conagatrs of others metal seemed to be
alarmingly high from a toxicological point of viewAlso after filtration of the raw river
water, the dissolved cadmium exceeds in more tl0da &f all investigated samples in
compare with the WHO guideline for drinking wateratjty excluding the sampling site
in Erdenet (Table 3). Cadmium is believed to emttr these rivers through the usage of
manures and pesticides in the agricultural land largkly from industrial by-product.
By entering into the food web through drinking watéd may severely damage the
immune system of humans and the bio-accumulatio6dinto the aquatic flora and
fauna may affect the whole aquatic ecosystem. ®pssshould be taken to lower the
dissolved Cd concentration below the WHO guideliNearly all of the observed
elemental concentrations may be explainable byraktources and processes. The
rivers of Hokkaido pass through areas with hotrgmmiand other natural geologic
formations, receiving tremendous amounts of dissblnetals from nonanthropogenic
sources. No typical point of pollution was viewearidg sampling of the Ishikari and
Shiribetsu Rivers in Hokkaido. In a similar manrtée rivers of Dhaka, West Java and

Erdenet have depositional characteristics andlikety that most of the pollutants (e.g.
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metals) were deposited in bottom sediments. Itelketred that bottom sediments in
these areas would have elevated dissolved metakotmations, so that some additional
sampling (i.e. river bottom sediments in the are#l)be necessary to assess the extent

as well as the potential remobilization of this tasnination [29, 30].

Organic carbon has a tendency to bind with somealsaet rigid forms, and thus it's
content in water and consequently in sediment miyance the metal enrichment rates
of rivers [20]. It can be assumed that the metatawlation in sediments is low in the
rivers of Japan as the DOC levels were compargtikel. On the other hand, high
DOC levels in the rivers of Erdenet and Dhaka nmalydate high metal accumulation in
river sediments. Kido el al. [8] reported that thater bodies of Indonesia have high
levels of organic substances and agricultural chalmias compared with those in Japan
because sewage is less treated in Indonesia. e Gan also be assumed for the rivers
of Dhaka and Erdenet as they have inadequate sevesgment facilities. Low pH may
increase the solubility of metals both in water aediments of rivers [31], whereas
high pH may result in the reduction of metals tayi¢32]. At the maximum sampling
points in this study with high pH the metals mighecipitate into their insoluble higher
oxides, hydroxides and carbonates, resulting inefowoncentrations of metals in the
river water of developing countries. Similar réswlere also reported by Wasim et al.
[33] in their study investigating the metal levglghe Ganges River in India. The levels
of dissolved metals in both developing and developeuntries were, in most cases,
below the permissible limits for irrigation and rking recommended by the EU [34].

In this respect, the metal levels were not a malfteoncern.
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4. Conclusion

This study was designed to determine whether there a significant difference of
pollution between developed and developing cousitieom the results, it is concluded
that the overall situation of the pollution in theers of all sampling countries is still
under the threshold limit. West Java, Indonesiamse¢o have high pollution as
compared with Dhaka, Bangladesh and Erdenet, Manguelhereas no significant
difference in the pollution level was observed ledw the rivers of Hokkaido and
Osaka, Japan and the rivers of the developing desniThe dissolved metal levels did
not exceed the international background valuegyghdhere were some exceptions in
West Java and Erdenet. However, the high enrichrfaaibrs also suggest elevated
accumulation of metals in riverbed sediments. Tleaegal water quality met the
international standard in all regions. This mayedglained by geochemical factors,
geographical and geological influences and nat@ehmation abilities in each region.
However, fecal pollution was found at almost aling® in the developing countries and
at a few in Japan. Such fecal pollution indicates wrgent need for sewage treatment
plants, drainage systems and monitoring critespeeially in developing countries. The
pressures and impacts on the rivers of developmgtcies due to high population
density and industrial and agricultural activiteesert organic, inorganic and microbial
pollution to a higher level. Whereas, low pressuagsl impacts along with the
sustainable water quality management keep harntlessvater bodies of developed
country. So, this study suggests proper implicatiohwater quality management in the
developed countries. Further synoptic monitoringdgtis required to trace the direct
sources of pollution along with seasonal variatioasd temporal effects in

contamination and to develop a global river qualiagabase to better compare data in
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developed/developing countries. Additionally, idecation of metal sources is required
to trap particulate metals at or close to the smuncorder to protect water uses and

ecosystem in the downstream.
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Table 1. Catchment characteristics of the maj@rsistudiel]

River Length Population Wastewater Industrial Mining Land use (% Natural Catchment

(km) density purification  activity activity agricultural) weathering area (k)
(km?) level processes

Developed country

Ishikari (Hokkaido, Japan) 268 5730 High Little tlat 8 High 14330

Shiribetsu (Hokkaido, Japan)126 12 High Little Little 13 High 1640

Yodo (Osaka, Japan) 75 335 High High Little 9 Sigh 21340

Developing countries

Buriganga (Bangladesh) 27 23029 Low High Little 46 Slight 253

Shitalakshyaa (Bangladesh) 110 2815 Low High Little 41 Slight -

Tuul (Mongolia) 704 235 Low High High 1 High 49840

Orkhon (Mongolia) 1124 10 Low High High 2 High 16@8

Ciliwung (Indonesia) 97 8584 Medium High Medium 48 High 476

Cisadane (Indonesia) 137 4039 Medium High Medium 49 High 1366

®Only the representative rivers of each region,-ot khown.
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Table 2. General water quality in the samples of river wiiem Dhaka, Bangladesh and Hokkaido and Osakesnla

Sample Sampling point  pH Temp. Conductivity COD CI NO, NO; PQ> Salinity TDS E-coli DOC
number (C) (uS/cm) (mg/l) (mg/l) (mg/l) (mg/l) (mg/!l) (mg/l) (mg/l) (CFU/mI) (mg/l)
Dhaka, urban area of Bangladesh.

1 Buriganga 1 7.3 20.7 620 40 55 0.2 0.2 2 296 440216 9

2 Buriganga 2 7.3 21.5 619 40 60 0.02 1 15 299 440360 8

3 Shitalakshyaal 9 26.4 1672 120 70 0.1 1 2 838 1811 180 33

4 Shitalakshyaa 2 7.2 23.9 503 120 65 0.02 1 0.1544 2 357 180 51
5 Turagh 1 7.4 21.8 566 25 5 0.1 2 15 274 402 220 9

6 Turagh 2 7.5 21.3 593 45 10 0.1 1 2 284 419 340 5
7 Bongshi 1 7.6 20.8 605 40 8 0.03 1 1 292 429 120 5

8 Bongshi 2 7.9 20.6 632 45 10 0.02 1 1.45 305 448276 7

9 Bongshi 3 6.8 21.2 545 20 12 0.02 5 0.5 261 384 0 2
Hokkaido, rural area of Japan

10 Ishikari 1 7.6 16.1 47 2 110 0.01 2 0 30 34.2 9 2.3
11 Ishikari 2 7.6 21.7 59.5 7 110 0.01 1 0.2 255 0 7 44 3.2
12 Ishikari 3 7.6 215 80 8 110 0.01 1 0.05 935 566 11 1

13 Ishikari 4 7.4 214 108.1 7 110 0.02 0.2 0 545 77.7 34 2.5
14 Ishikari 5 7.3 22.8 1932 8 200 0.02 2 0.02 980 371 15 1.6
15 Shiribetsu 1 6.6 7.9 47.1 7 - 0.01 1 0.1 216 5330 1.7
16 Shiribetsu 2 7.2 8.3 63.5 6 - 0.01 1 0.1 286 .145 0 2.2
17 Shiribetsu 3 7.5 6.5 103 6 - 0.01 1 0.1 21 73 0 1.8
18 Shiribetsu 4 7.5 6.8 37.5 4 - 0.01 1 0.1 17 26.710 2
Osaka, urban area of Japan

19 Dotonbori 7.1 25.5 281 11 100 0.3 2 0.3 136 199240 15
20 Aji 7.2 26.4 258 8 100 0.2 10 0.5 125 183 170 1 3.
21 Yodo 7.7 26.8 240 8 100 0.03 15 0.35 117 1701 9 5
WHO standard ® 6.5-8.5 20-30 250 255 200 0.5 0.45 0.01 500 0 -
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Sample Sampling pH Temp. Conductivity COD  CI NO, NOs PO,> Salinity TDS E-coli DOC
number point (C) (uS/cm) (mg/l)  (mg/l) (mg/l) (mag/l) (mg/!) (mg/l) (mg/l) CFUIml) (mgll)
Erdenet, mining areain Mongolia

22 Culakel 9.9 26.5 1860 120 50 16 20 0.1 - 118G 33.4
23 Culake2 10 25 2190 50 50 5 15 0.1 - 1400 384 6.82
24 Culake3 10.1 22.9 2230 30 50 5 10 0.5 - 1430 - 17.8
25 Culake4 9.4 27.7 1930 50 20 16 1 1.5 - 1230 - 26.7
26 Tuul river 8.1 23.1 308 15 10 16 0.5 0.05 - 200 57 8.8
27 Hangoll 7.9 21.8 1010 30 50 10 10 0.1 - 693 552 14.5
28 Hangol2 8 24.9 1010 30 50 16 5 0.1 - 647 36 513.
29 Orkhon 7.7 24.9 199 30 20 10 2 15 - 130 240 23
West Java, urban areain Indonesia

30 Ciliwung 1 7.6 - 70 - - 0.01 1 0. - - 26 -

31 Ciliwung 2 7.4 - 140 - - 0.02 2 0.2 - - 24 -
32 Ciliwung 3 7.2 - 230 - - 1 45 0.7 - - 56 -
33 Ciliwung 4 6.9 - 230 - - 0.5 20 0.7 - - 98 -
34 Cisadane 1 7.3 - 400 - - 0.05 1 2 - - 126 -
35 Cisadane 2 7.7 - 340 - - 0.02 1 2 - - 144 -
36 Cisadane 37.2 - 70 - - 0.02 1 0.1 - - 52 -

37 Cisadane 4 7.4 - 110 - - 0.3 15 0.2 - - 60 -
38 Cikanikil 7.7 - 130 - - 0.15 3 0.2 - - 67 -
39 Cikaniki2 7.4 - 110 - - 0.05 2 0.2 - - 90 -
WHO standard® 6.5-8.5 20-30 250 255 200 0.5 0.45 0.01 - 500 0 -

®CFU= Colony forming unitWHO = World Health Organization, - =No data, n.d\et detected.
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Table 3. Metal concentration in river water samples coltddirom different regions.

Al Mn Fe Cu Zn Pb Cd Cr

(ng/mh  (ng/mbh  (ng/mi) (ng/mh  (ng/mh  (ng/mh (ng/m)  (ng/ml)
Dhaka
Mean 6.85 312 42.1 14.7 1.94 4.11 4867 23.3
Median 5.84 1.09 16.9 10.7 2.00 4.00 5.00 20
SD 3.39 39.9 75.4 14.8 1.70 0.78 0.87 13.4
Variance  11.4 1599 5688.8 219 2.88 0.61 0.75 181.2
Range 2.49-14.6 0-98.4 10.31-24 3.09-51.5 0.15-5.8700-5 3-6 0-50
cL 260 30.7 57.9 11.3 1.31 0.60 0.67 10.3
Hokkaido
Mean 23.1 117 33.9 9.67 7.74 2.69 4.89 13.8
Median 22.8 10.7 26.2 9.56 7.53 2.24 5.00 10
SD 16.2 0.81 28.0 0.32 0.57 1.13 0.78 6.51
Variance  264.0 0.66 787 0.10 0.32 1.28 0.61 423
Range 4.03-55 10.2-13.9 11.7-105.79.31-10.4 7.20-8.8  2.19-5.6 4-6 10-25
cL 124 0.63 21.56 0.25 0.44 0.87 0.60 5
Osaka
Mean 8.54 10 18.83 10.8 11.2 2.34 a4 15
Median 5.39 10.9 17.01 10.6 11.8 2.31 4 15
SD 6.79 0.14 4.51 0.35 2.71 0.10 1 5
Variance 46.1 0.02 20.34 0.12 7.33 0.01 1 25
Range 3.90-16.3 10.8-11 15.52-23.9 10.5-11.2 838-1 2.26-2.4 3-5 10-20
cL 168 0.34 11.2 0.87 6.73 0.26 2.48 12.4
Erdenet
Mean - - 16.2 10.8 - 396 n.d. 27.5
Median - - 20 11 - 38 n.d. 35
SDf - - 10.6 4.55 - 11.1 n.d. 24.9
Variance - - 112.5 20.7 - 124.2 n.d. 621.4
Range - - 0-30 1.00-16 - 27-60 n.d. 0-50
cL - - 8.87 3.80 - 9.32 n.d. 20.8
West Java
Mean 44.2 10824 - 375 42.0 6.91 23’5 -
Median 29.8 32.7 - 37.9 35 6.62 23.4 -
SD 23.9 161.2 - 1.77 14.7 0.51 0.30 -
Variance 572.6 26001.5 - 3.12 218.4 0.27 0.09 -
Range 24.4-83.5 32.3-457 - 32.7-39 31.7-75.8 69-7.23.2-24.2 -
cL 171 115.3 - 1.26 10.5 0.37 0.22 -
WHO? 50 10 50 2000 3000 10 3 50

AWorld Health Organization (2011), SD =Standard déwh, CL= Confidence LevelExceeds maximum
permissible limit, - = No data, n.d. = Not detected
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Table 4. Correlation analysis of metals at all samplinghg®in Bangladesh and Japan.

Al Mn Fe Cu Zn Pb Cd Cr

Bangladesh

Al 1 0.056 0.158 0471 0269 0338 0.260 0.235
Mn 1 0.682 0.319  0.555 0.400 0.399 -0.180
Fe 1 -0.008 0.264 0425 0.192 -0.075
Cu 1 -0.035 0.021 0.59 0.246
Zn 1 0160 -0.218 -0.047
Pb 1 0.062 -0574
Cd 1 0.214
Cr 1
Japan

Al 1 0.686 0.888 -0.376 -0.491 -0.224 0.620 0.023
Mn 1 0.903 0.124 -0.052 -0.114 0.327 -0.056
Fe 1 -0.175 -0.273 -0.156 0576 0.035
Cu 1 0621 -0.011 -0.427 -0.166
Zn 1 0.049 -0.275 0.181
Pb 1 0.054 -0.282
Cd 1 -0.057
Cr 1

®/alues in boldface are different from 0 with a sfigance level of alpha = 0.05
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Table 5. Metal enrichment factors (%) in all sampling areas

Area EF (Al) EF (Mn) EF (Fe) EF (Cu) EF (zZn) EF (Pb) EF (Cd) EF (Cr)

Dhaka 35.98 31.72 13.73 23.98 32.39 37.04 565. 46.67
Hokkaido 37.42 29.09 23.66 31.47 33.68 14.50 44.44 935
Osaka 37.33 51.85 39.21 37.50 55.16 41.67 0050. 50.00

Erdenet a A 54.17 65.83 a 38.26 a 55.00
West Java 33.55 17.89 - 76.81 23.42 35.11 29.60 -2
*No data
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Figure Legends

Figure 1. Sampling points in Dhaka, Bangladesh (1 to 9) Kkkaido and Osaka,

Japan (10 to 21) (b); Erdenet, Mongolia (22 to @9)and West Java, Indonesia (30-39)

(d).

Figure 2. PCA to project general water quality (a) and ngetal) in river waterfrom

Dhaka (Bangladesh), Hokkaido and Osaka (JapangngtdMongolia) and West Java
(Indonesia) in a biplot frame. The circle represerdch location of observations for two
principal factors, F1(X axis) and F2 (Y axis), a@heé vector sign shows the loading of

the original variable on the computed factor.
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