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CHAPTER 1. GENERAL INTRODUCTION
1.1.GENERAL CHARACTERISTICS OFHANOI CITY

Hanoi is capital city of Vietnam, located in Redren delta at 21°042"N and
105°5112"E (Fig. 1.1). The city features a tropical monsa@timate with two distinct
seasons: Winter dry season (November to April) anthmer rainy season (May to
October), which contains nearly 85% of total préaipon. The annual precipitation is
much changing year by year from 1200 to 2300 mm. (Ei2). In rainy season especially
in July and August, there are some cases withathiop to 150 mm/day when storms

come. In contrast, dry season averages only 12miecember and January.

Hanoi was expanded in 2008 and currently coverstal firea of 3,329 kfmwith a
population of 6.7 million people in 2011. The inmtanoi capital comprised ten districts,
namely Ba Dinh, Hoan Kiem, Dong Da, Hai Ba Trungy'Ho, Thanh Xuan, Cau Giay,
Hoang Mai, Ha Dong and Long Bien. In the past teary, population in Hanoi increased
120,000 people annually, including many from in-ratgpn. Average population density
is 2,013 people/kf however in some inner districts like Dong Da &tad Ba Trung, the
figure reached up more than 35,000 peoplé/iQurrently, population in inner city is 2.6
million people with annual growth rate of 3.8%, which in-migration contributes

roughly 3%.

There are several rivers running through Hanoiaegnamely Hong, Duong, Nhue rivers,
and To Lich River (TLR) system (Fig. 1.1). Amongeih, Nhue and TLR system are
responsible for receiving and conveying wastewafi@rsnner city Hanoi. TLR system
includes four main rivers with a total length of. 3&m and covers a basin area of 77.5
km?. (1) TLR covers a basin of 20 Kand has a length of 17 km, a width of 20 - 45 m,
and a depth of 2 - 4 m, starting from West lakéhim North, receiving wastewaters from
western Hanoi then discharging to Nhue River in $oeith with maximum flow of 30
m%/s. (2) Kim Nguu River originates from central Hammd joins with TLR at Thanh
Liet. The river has a length of 11.9 km, a width2&f - 30 m, and a depth of 2 - 4 m,
covering a basin area of 17.3 knkim Nguu was embanked in 2002 and resulted in a
maximum flow of 15 r¥s. (3) Set River starts from central south Hanitha length of
6.8 km, a width of 3 - 4 m, and a depth 1.5 - 2,%avering an area of 7.1 KnTThe river
has maximum flow of 8 ffs. Water from Set River is discharged to upstredrim
Nguu River. (4) Lu River also starts from centralith of Hanoi with a length of 6,7 km,
a width of 7 - 10 m, and a depth of 2 - 3 m, cawgr basin of 10.2 kmThe river has a
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maximum flow of 6 n¥s. Lu River discharges water to TLR at downstrelaefore

confluence of Kim Nguu with TLR. Besides, there approximately 25 small channels
with a width of 3 - 5 m, a depth of 1.5 - 2.5 mgam total length of 18.1 km in inner
Hanoi city. In addition, Hanoi is known as “city tafkes” with a total of 518 large and
small ones (Fig. 1.1). Besides serving as recnesitithese lakes also function as
receiving untreated wastewaters in inner Hanoi &#gding to many environmental

problems.
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Fig. 1.1 River system and lakes in Hanoi

To Lich River system is under high polluted corahtias result of diversity of
wastewaters discharged from various sources sudndastry, hospitals, households,
agriculture, etc. There are about 2 million pernmareitizens living in inner city Hanoi
(GSO 2010) and seasonal citizens, generating dameastewater to TLR system an

estimated volume of more than 190,008/day. Meanwhile, discharge from industries

2



ranges between 240,000 to 263,000day, occupying 53 - 58% of the total wastewater
from inner city. There are five industrial zonesdted in Hanoi including 99 large
manufacturing plants of all types of industries ichhrelease wastewater to TLR system
(Table 1.1). In addition with 369 large and medisoale industries, there are 14,000
small industry and handicrafts located in Hanoi (HED 2002). Twenty nine hospitals
and many big health centers with more than 25,@@3 also discharge roughly 6,000 m
wastewater per day to TLR system (HENDR 2009).

60C

=—2011 -#-2010
—A—2009 —=<2008

500 A

400 -

300 A

200 -

Rainfall (mm)

100 -

0 -

Figure 1.2 Average monthly rainfall during 2002120

To improve water flow rate and reduce stagnatibe, émbankment was carried out in
many reaches of all four rivers in TLR system. tidiion, to reduce pollution impacts
from TLR system, which may lead to deteriorate watgpply source for downstream
provinces of Nhue River, regulatory Thanh Liet D@raD) was built nearly at the end of
TLR and Yen So pumping station was built in sousiteran Hanoi (Fig. 1.1). Recently,
TLR system functions as: (1) TLD is open when wédeel in Nhue River is low, then

water from TLR drains naturally to Nhue River; @)D is closed when water in Nhue
River runs higher than in TLR and/or TLR wateras polluted, which may affect water
quality of Nhue River. In case of closing dam, wat®@m TLR flows into Yen So

regulating reservoir and is finally pumped to thedRiver (Fig. 1). In fact, to reduce
pumping costs, even highly polluted water is stificharged to Nhue River leading to
degradation of water quality at the downstreamgéneral, Thanh Liet Dam is opened

more than 320 days annually.



Table 1.1. List of manufacturing plants of five ustrial zones in basin of To Lich River

system, Hanoi

Typeof industry ThuongDinh- Minh Khai - TruongDinh- VanDien- Cau

Nguyen Trai Vinh Tuy Duoi Ca Phap Van  Buou
Mechanical 14 13 3 8 3
Construction - 6 - 2 1
material
Food processing 1 3 6 - -
Textile 4 11 2 - -
Leather 3 1 - - -
Printing - 1 - - -
Paper 1 - - - -
Ceramic 2 - 1 - -
Chemical 2 - - 2 1
Others 3 3 1 -
Total 30 38 13 13 5

1.2.WASTEWATER AND SEDIMENT CHARACTERISTICS AND THEIR IMPACT®N ENVIRONMENT,

HUMAN, AND ECOSYSTEM

The world is facing with problems related to thenagement of wastewaters. This is due
to industrialization, population increase, and unibad societies (USEPA 1993;
McCasland et al. 2008). The wastewaters generateoh fdomestic and industrial
activities constitute major sources of water padlitioad. This is a great burden in terms
of wastewater management and can consequently teaa point-source pollution
problem, which not only increases treatment cossicierably, but also introduces a wide
range of chemical pollutants and microbial contants to water bodies (USEPA 1993,
1996; Eikelboom and Draaijer 1999; Amir et al. 2004

The level of treatment ranges from no treatmenveoy sophisticated and thorough
treatments. Wastewaters are discharged to a witktywaf receiving environments: lakes,
ponds, streams, rivers, estuaries, and oceans.eWsts do contain pollutants of
concern since even advanced treatment systemsaldeuto remove all pollutants and
chemicals. Several environmental and health impaetsulted from insufficient
wastewater treatment have been identified in thenstic literature (Musmeci et al 2009;
Saracci and Vineis 2007; Pruss-Ustun and Corvalé? ,22006; Rothman and Greenland
1998; Suser 1991; and many others) and actionstodseltaken to reduce these impacts.



The impacts, that wastewaters may have on watditygualant and animal life, human

health, and beneficial water uses, include:

« decaying organic matter and debris can use up idsolded oxygen in water

bodies, affecting life of aquatic biota;

« excessive nutrients, such as phosphorus and nitr@g® cause receiving waters
over-fertilization, which can be toxic to aquatiganisms, reduce availability of

oxygen, alter habitat, and lead to a decline irciggeand/or population;

« chlorine compounds and inorganic chloramines can ttyéc to aquatic

invertebrates, algae, etc.;

« Dbacteria, viruses, and disease-causing pathogemspalute playground near

water bodies, leading to human waterborne disess@sestrictions on recreation;

« heavy metals, such as mercury, lead, cadmium, abroparsenic, etc., can have

acute and chronic toxic effects on species.

The process of collection and treatment of wastemsaalso results in the release of
certain volatile chemicals into the air. The cheafsctypically released in the large
volume include; methane, carbon dioxide, oxidesittbgen and hydrogen sulfide, and
various other chemicals can be released to a sneadient.

The physic-chemical characteristics of wastewatéispecial concern are pH, dissolved
oxygen, oxygen demand (chemical and biological)idso(suspended and dissolved),
nitrogen (nitrite, nitrate and ammonia), phosphated heavy metals (DeCicco 1979;
Larsdotter 2006).

The pH is an important quality parameter of wasteve It is used to describe the acid or
base properties of wastewaters. pH values less 3hand greater than 10 indicate the
presence of industrial wastewater and are non-cbbipavith biological operations. The
pH range of 6 - 9 is usually in the existence oldmgical life (USEPA 1996; Gray 2002).
Dissolved oxygen (DO) is another parameter in wagguiring for the respiration of
aerobic microorganisms as well as all other aerbl@dorms. The actual quantity of DO
is governed by the solubility, temperature, partie¢ssure of the atmosphere, and the
concentration of impurities such as salinity andpsinded solids in the water (USEPA
1996; Metcalf and Eddy 2003). While, oxygen demimnithe form of BOD or COD is the



amount of oxygen used by microorganisms as they fgmon the organic solids in
wastewaters (Water Environmental Federation 1996y @002; FAO 2007). In which,
the 5-day BOD is the most widely organic pollutiparameter applied to wastewaters.
Wastewaters normally comprise 99.9% water and Ooi%olids, in which discharges

from industrial and domestic sources respond haytign of those solids.

Phosphorus in water is essential constituents whdi organisms. However, when
phosphorus input to water is higher than naturddszsed condition (Rybicki 1997), it
may lead to extensive algal growth (eutrophicatidg@yntrolling phosphorus discharge
from domestic and industrial wastewaters is a leyadr in preventing eutrophication in
surface waters (Department of Natural Science 20BBpsphate itself does not have
notable adverse effects on human health. On ther dtand, nitrogen is important in
wastewater management and can have adverse effectscology and human, if
concentration is higher than 10 mg/L. Despite te that nitrates in some levels affect
infants, but do not pose any direct threat to oldl@itdren and adults, it indicates the
presence of other serious residential or agricalltaontaminants, such as bacteria and
pesticides (McCasland et al. 2008). Methemoglobiaeis the most significant health
problem associated with nitrate in water. Similarjtrogen in the form of ammonia is

toxic to fish and exerts an oxygen demand on raugmwater by nitrifiers (CDC 2002).

Metals are of importance in water. The metals gfontance in wastewater treatment are
As, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Mo, Kj,Se, Na, V, and Zn. Living
organisms require varying amounts of some metas G0, Cr, Cu, Fe, K, Mg, Mn, Na,
Ni, and Zn) as nutrients for their proper growthhil®%, other metals (Ag, Al, Cd, Au, Pb,
As, and Hg) have no biological role and hence areessential (Metcalf and Eddy 2003;
Hussein et al. 2005). Heavy metals are one of thestnpersistent pollutants in
wastewaters. Unlike organic pollutants, they canbet degraded, but accumulate
throughout the food chain, producing potential siskh human health and ecological
disturbances. Their over-presence in wastewateduésto discharges from domestic,
industrial, vehicle emission, etc. The accumulatmihheavy metals in wastewaters
depends on many local factors, such as the typedastries, way of life, and awareness
of their impacts on the environment through theelesss disposal of wastes (Hussein et al.
2005; Silvia et al. 2006). The danger of heavy Ineddutants in wastewaters lies in two
aspects. First, heavy metals have the ability tosigiein natural ecosystems for an
extended period. Secondly, they have the abilitgdoumulate in successive levels of the

biological food chain (Fuggle 1983). Although heametals are present in small
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guantities in natural, it is almost exclusivelyabhgh human activities that these levels are
increased to toxic levels in wastewaters (Nelsod @ampbell 1991). Human can be
exposed to chemicals in wastewaters in various wllysy may ingest small amounts of
pollutants from consuming crops which are irrigated wastewaters, aquaculture
products which live in polluted water body, andnfr@bsorbing contaminants through

their skin while contacting with wastewaters.

The major microorganisms found in wastewaters ameses, bacteria, fungi, protozoa,
and helminthes. Although those microorganisms aicized as a main source in
contributing to numerous waterborne diseases toahutiey play many beneficial roles
in wastewater treatment as removing dissolved aecgaatter (Kris 2007), using in fixed
film systems, suspended film systems or lagoonesystin treatment plant to enhance
degradation of solids for less sludge productioraf@Paige et al. 2005a). In addition,
wastewater microbes are also involved in nutrienyeling, such as phosphate, nitrogen,
and heavy metals. If nutrients that are trappeded materials are not broken down by
microbes, they will never become available to haigtain the life of other organisms.
Microorganisms are also responsible for the deitadibn of acid mine drainage and
other toxins in wastewaters (Ward-Paige et al. BD05

The investigation of sediments from the water bed® of great interest in aquatic
systems, since sediment quality is a good indicatt@ollution in water column, where it
tends to accumulate the heavy metals and othemniorgellutants, as well as provide
information on the impact of pollution sources. Tgw@ential environmental damage of
water bodies might be comparatively small if heawagtals are ultimately fixed in
sediments (Zoumis et al. 2001). Metal compositiothie sediment may be controlled by
natural (e.g., mineralogy, weathering) and anthgepac processes (Nesbitt 1979). The
chemical composition of the sediments can be usea @owerful tool to determine their
sources (Vital and Stattegger 2000). While, horiabdistribution of metals has provided
evidence that lateral variations in the chemicahgosition of surface sediments act as a

guide to local pollution centers (Forstner 1981).

A critical factor for sediment toxicity is contanaint bioavailability, the degree to which
contaminants can be taken up by plants and anif#alkley et al. 1996). Sediment
parameters that affect heavy metal bioavailabifittude cation exchange capacity, total
organic carbon, Fe and Mn oxides, as well as thegtioaship between acid volatile

sulfides and simultaneously extracted metals.



Cation exchange capacity is based on the surfaea af sediment grain particles

available for binding cations, such as hydrogen)(Hrd free metal ions (e.g., Mn+2).

Sediments with a high percentage of small graish s silt and clay, have high surface-
to-volume ratios and can absorb more heavy mdtals sediments composed of larger
grains. Total organic carbon is added to sedimpnitsarily through the decomposition

of plant and animal matter, and domestic and im@dglischarges. Organic carbon can
directly adsorb heavy metals from solutions appliedsediments (Liber et al. 1996).

However, it can also contain heavy metals accuradlby plants which is discharged and
decomposed in sediment (Peltier et al. 2003). Nwmtess, high percentages of small
grains in sediment are generally associated willnaged heavy metal bioavailability and

toxicity (Ankley et al. 1996).

The dominant geochemical processes responsibkadogxchange of metals at the water-
sediment interface are adsorption and precipitgaiomons and Forstner 1984; Wang et
al. 1997). Fe and Mn oxides and organic mattereeitts bulk phases or as coatings of
mineral particles are the main binders in sediméigssier et al. 1980). Binding fractions
of heavy metals in the sediments can be dividexfimé groups: exchangeable, carbonates,
hydroxides, organic and residuals. Both Fe and Emremove other heavy metals from
solution through oxidation, thus making them leisaailable (Fan and Wang 2001). The
ways for doing this is by precipitating heavy metibm solution during oxide formation
(Simpson et al. 2000) and is direct adsorption gmédormed oxides (Dong et al. 2000).
Sulfide is known to interact with Fe under anaerobonditions to form a solid, iron
sulfide (FeS). Other heavy metals such as Cu, RiZr\can be removed from solution by
displacing Fe and binding to the sulfide. This psxchas led to a relatively new parameter
for evaluating sediment toxicity, so called simo#aus extracted metal minus acid
volatile sulfide (SEM-AVS). The term AVS represetiie amount of sulfide in sediments
available for binding heavy metals; SEM represdhts amount of heavy metals in
sediment that could be available to plants and alsimf SEM exceeds AVS, the
sediments are potentially toxic (Di Toro et al. @9Bansen et al. 1996).

1.3.BENEFITS OF WASTEWATER REUSE IN AGRICULTURE AND ITS CONCERNEPROBLEMS

Sewage farm has been developed for more than 188 ye industrialized countries like
England, France, Germany and Australia, in whicage was disposed to the farm for

natural treatment (now known as recycle and resgpporting water and nutrient in low cost



for farm. However, many of those farms were abaaddpecause of many environmental

problems, transmission of diseases, and contardipabelucts (Shevah 1999).

Municipal wastewater is less expensive and consdlan attractive source for irrigation
in many countries, especially in arid and semi-aadintries. Advantages of reuse of
wastewaters in agriculture include: conserving watest-efficient method for domestic
wastewater disposal, reducing pollution of watedibs, reducing input costs for artificial
fertilizers, increasing crop yields, and providageliable water supply. However, it also
contains a number of important disadvantages (Bamdi Brissaud 1996; Weber et al.
1996) including: health risks to both irrigators avlare in prolonged contact with
wastewaters and consumers of crops which are tedgaith wastewaters, contamination
of ground water especially with nitrates, buildugaltly metal pollutants in the soil, and

creation of habitat for disease vectors.

Since wastewater treatment technology has beenoiregr resulted in cost-effective
agriculture application. The reuse of treated weaters is receiving an increasing
attention as a reliable water resource. In many@s, treating wastewater for reuse is
important of water resources planning and impleatént. This is aimed at releasing high
quality water supplies for potable use. Some c@sjtisuch as Jordan and Saudi Arabia
have national policies to reuse treated wastewaidne general acceptance is using
wastewater in agriculture, justifying on agronorarmd economic grounds, although care
must be taken to minimize adverse impacts on enmiemt and human health (FAO 1992;
Metcalf and Eddy 2003; Rietveld et al. 2009; Sow2@99). The option of reuse of
wastewater at least in agriculture is becoming s&ary and possible as a result of climate
change, which leads to droughts and water scasuiiy,the fact that discharge regulations

have been becoming stricter, leading to a bettstavaater quality (Rietveld et al. 2009).

Management of irrigation with wastewaters shouldsider the nutrient content in
relation to the specific crop requirements anddtecentrations of plant nutrients in the
soil, and other soil fertility parameters. In maargas of developing countries, untreated
wastewaters are used directly to small plots ofetegies and salad crops, which are
easily consumed raw as salad. The public healts t®ming from this are obvious
(Mead and Griffin 1998; WHO 2004). However, suctksi can be controlled by treating
wastewaters properly before irrigating crops, whiaimimize the transfer of pathogenic
and toxic contaminants into the agricultural pradusoils, and surface and groundwater

(Batarseh et al. 1989). The nutrient supply fronstewaaters to the soil is obvious such as



N, P, as well as organic matters (Sommers 1977;alResnet al. 1984), but there is a
concern about the accumulation of potentially telements such as Cd, Cu, Fe, Mn, Pb,
and Zn from both domestic and industrial dischand®esscod, 1992). Nitrogen is much
available in wastewater especially from domestiarse and is in forms of usability for
crops; organic nitrogen, ammonia, nitrate and teitriin which three later make up the
inorganic forms (Hurse and Connor 1999). Nitrogemlifferent forms is required by all
organisms for the basic processes of life to mak&ems, grow and reproduce. Therefore,
wastewaters and its nutrients can provide sigmifiteenefits to the farming communities

and society in general.
1.4.AIMS OF THIS STUDY

In being urbanized societies like city Hanoi, wagtters are dynamics in terms of both
quality and quantity. There are a number of resjptmgeasons; population increase
especially from in-migration and seasonal citizemsich is out of predictability leading

to uncertainty of amount and quality of their wasigers, construction blooming, and a
number of industrial zones which were establishednner city for a long history. In

addition, wastewater treatment has not been mukkntecare, leading to serious
environmental problem especially for water bodieshs as rivers, lakes and their
surrounding recreations. Monitoring and assessoiygon levels and quality of water

bodies for both water and sediment, and discrirmgapollution sources should be
carried out periodically which will serve decisionakers in issuing environmental
regulations to improve wastewater quality at sosirbefore discharging to common
sewage system, and in planning wastewater treatplant system, which collects all

wastewaters and treat them to suitable using parpash as for irrigation.
The aims of the study are:

To discriminate sources of heavy metals in sedinagwt water of To Lich River using

multivariate statistical approaches.

To assess heavy metal pollution and exchange betwater and sediment system in the

To Lich River, inner Hanoi City.

To evaluate the recovery of To Lich River afterenipears embankment using river

quality index, with special reference to heavy rseta
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1.5.0OUTLINE OF DISSERTATION

CHAPTER 2 discriminates nature, anthropogenic, @ndiix sources of eight heavy
studied metals including Cr, Mn, Ni, Cu, Zn, As,,@ohd Pb using hierarchical cluster
and principle component analyses. Meanwhile, enratit factor and geo-accumulation

index were used to evaluate enrichment and contdiomlevels of heavy metals.

CHAPTER 3 assesses contamination levels of nindysdites, which corresponds to its
discharge sources as domestics, industrials, angforBesides using enrichment factor
and geo-accumulation index, quality guidelinesudatg a threshold effect concentration,
a probable effect concentration (PEC), and mean gigflent were also used to evaluate
impacts that each site may pose to aquatic organismaddition, the current study area
was also compared to some polluted rivers arouedmbrld to understand the extent of

heavy metal pollution in To Lich River.

CHAPTER 4 evaluates current quality of To Lich Riveompared to that before
embankment nine years ago by using relative rivatity index, with special reference to
quality of water and sediment through their heawtahconcentrations. The chapter also
includes estimation of total sediment currently wacalated in river bed and costs
required to treat those sediment to environmenighdly condition, estimation of heavy
metal and total organic carbon loads in each comckriver reach corresponding to its
discharged sources, and total load at the end dfidlo River which is discharged daily
to Nhue River in South Hanoi.

CHAPTER 5 presents general discussion and managemgiications for To Lich River

system basin.

CHAPTER 6 summarizes main findings in dissertation.
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CHAPTER 2. SOURCE DISCRIMINATION OF HEAVY METALS IN
SEDIMENT AND WATER OF TO LICH RIVER IN HANOI CITY USING
MULTIVARIATE STATISTICAL APPROACHES

Has been published Environmental Monitoring and Assessmeit press.

ABSTRACT

The concentrations of Cr, Mn, Fe, Ni, Cu, Zn, Ad,&d Pb were determined to evaluate
the level of contamination of To Lich River in Harmity. All metal concentrations in O-
10 cm water samples, except Mn, were lower thamtagimum permitted concentration
for irrigation water standard. Meanwhile, concettras of As, Cd and Zn in 0-30 cm
sediments were likely to have adverse effects gicagure and aquatic life. Sediment
pollution assessment was undertaken using EnrichriRaator and Geo-accumulation
Index (Igeo). The Igeo results indicated that segitrwas not polluted with Cr, Mn, Fe
and Ni, and then pollution level increased in ordérCu < Pb < Zn < As < Cd.
Meanwhile, significant enrichment was shown for @&, Zn, and Pb. Cluster and
principle component analyses suggest that As andirMsediment were derived from
both lithogenic and anthropogenic sources, while Rly Zn, Cr, Cd, and Ni originated
from anthropogenic sources such as vehicular fuoreBb and metallic discharge from

industrial sources and fertilizer application foher metals.

Keywords. Geochemical indices, Hanoi, Metals, MultivariatatiStical approaches,

Sediment.

17



2.1.INTRODUCTION

Trace elements, the so-called heavy metals, areobiige serious pollutants in natural
environment because of their persistence, toxieity] bioaccumulation (Fang and Hong
1999; Tam and Wong 2000). Heavy metals tend todmpéed in the aquatic environment
and accumulate in sediment, which are probablyaseld to the water through sediment
re-suspension, reduction-oxidation reactions, $th processes enhance the dissolved
concentration of trace metals in water (Jones anm#tiTL997; Wright and Mason 1999).
Since sediment acts as the carrier and the poteettandary source of contaminants in
river system (Calmano et al. 1990), the degreehlwit becomes a source of pollution
depends on such factors as the proximity of comtated sediments, river activity (e.g.
water flow rate) and the intensity of geomorphitiaty of the river catchment (Martin
2000). Therefore, the analysis of river sedimena igseful method to study the metal

pollution in an area.

Heavy metals enter a river from a variety of sosragther natural or anthropogenic
(Adaikpoh et al. 2005; Akoto et al. 2008). The camication of most of the metals in
unaffected rivers is very low, which is safe to tlwoand is mostly derived from

weathering of rock and soil (Reza and Singh 20M@anwhile, the main anthropogenic
source of heavy metals to affected rivers, esdgcialinner cities, is from untreated

and/or partially treated disposals containing heangtals from domestic and industrials
(Macklin et al. 2006; Nouri et al. 2008; Reza a8 2010). It is estimated that there is
in between of 30 and 98% of the total metal loaduawlated in sediment-associated
forms (Gibbs 1973; Salomons and Foérstner 1984)ingad will become a potential non-

point source of pollution if it is deposited on tiiger banks or floodplain (Marcus 1989;
Martin 2000).

Hanoi, the capital of Vietnam, has witnessed thgidraaconomic growth and urban
expansion for recent decades, causing severe enwnatal pollution especially to inner
city river system. The domestic and industrial wastter is untreated or partially treated
before discharging to To Lich River, the main degje river in inner city of Hanoi,
resulting in serious deterioration of the water aadiment qualities, and related problems
as water-borne diseases. Previous investigatiahsated that the concentration of heavy
metals in sediment of To Lich River was quite hizggrause of the metallic wastewater
discharged from manufacturing plants located icloaent and longtime stagnation (Ho
and Egashira 2000; Nguyen et al. 2007; Kikuchile2@09). It is said that heavy metal
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concentrations in sediment and water in To LicheRexceeded the Vietnamese standard
for agriculture (Ho and Egashira 2000; Nguyen e2807), even the contents in water
were not exceeding or only for several metals.ds weported that environment in Hanoi
city has been improved much in recent years assaltref treatment of industrial
wastewater from the enforcement of several enviemtal regulations. This paper aims
to evaluate the current status of heavy metal cointtion in 0-10 cm water and 0-30 cm
sediment, and to discriminate the possible souares enrichment of heavy metals in

sediment of To Lich River.
2.2.MATERIALS AND METHODS
2.2.1. Sudy area

The To Lich River has been a significant river tighout history of Hanoi city. The river
originates in the West Lake and flows through resiél and industrial areas, before
joining the Kim Nguu River nearly at downstreamg dimally enters Nhue River through
Thanh Liet Dam (Fig. 2.1). The dam was construt¢tedrevent contaminated water of
To Lich to Nhue. Its gate is almost closed in deason and is manually controlled in
rainy season according to the water level of TohLidotal length of To Lich is
approximately 17 km, covering a catchment of al@ukn?. A number of manufacturing
plants are located between S3 and S4 (Fig. 2.tJudmg a complex of factories of
mechanical engineering, rubber, soap, and tobatcbhuong Dinh and Thanh Xuan
districts. Meanwhile, leather and paint factories bcated near S1 and S6 (Fig. 2.1),
respectively. A plastic company is located upstrfamm confluence with Lu River
(Nguyen et al. 2007). The volume of sewage dumpéal To Lich was approximately
290 thousand frper day, which accounted two-thirds of wastewggererated from inner

Hanoi city (Nguyen et al. 2007).
2.2.2. Sample collection

Surface water and sediment samples were taken éight sites located along the river
(Fig. 2.1) in the dry season, March 2011. Polypleps bottles were immersed 10 cm
deep below the water surface. Then, water sampdes acidified with conc. HN{Qo pH

< 2, transported to the laboratory, and stored nmefagerator until analysis. Sediment
samples, on the other hand, were taken at 0-30r@m the river bed using a self-made

sediment sampler and placed in polyethylene bottles
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Fig. 2.1 Map of To Lich River catchment showing géing sites

2.2.3 Chemical analysis

Collected sediments were air-dried and passed ghrdimm stainless steel sieve to
remove big particles. The samples were then heatdd/ing oven at 6T until constant
weight and lightly powdered within an agate moiftar homogenization. A microwave
unit was used for the digestion of sediment samplgk acid. Briefly, 50 mg dry
sediment was placed in a vessel and successivgagteid with 10 mL of conc. HNGn a
microwave digestion system (USEPA 2007). After oaplthe digest was adjusted to 50
mL volume with Mili-Q water and finally filtered tbugh a membrane filter (0.45n
pore size). Concentration of heavy metals (Cr, M, Ni, Cu, Zn, As, Cd and Pb) in
acid-digested sediment and water samples was dattrasing ICP-MS.
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2.2.4. Satistical analysis

Multivariate approaches were used in this studysgess the interrelationships among the
measured data, since they have been successfellyinggeochemical and ecochemical
studies (Soares et al. 1999; Sakan et al. 200&ndL.izhang 2010).

The Geo-accumulation Index,dd introduced by Muller (1981) was employed to asses
the heavy metal contamination in sediment by compgazurrent concentrations with pre-
industrial levels. Values ofd, were calculated by the following formula (Eq. 2.1)

Cn
1.5B,

lgeo= LOGL (2.1)

where G is the concentration of metal examined in the sediment and, B the
geochemical background concentration of the metafactor 1.5 is used because of
possible variations in background values due twgenic effects. As the background
value of the concerned metals in current studyisitet available, the earth crust values
(Turekian and Wedepohl 1961) were adopted. Theegabf |, were classified into
seven classes (Muller 1981; Bhuiyan et al. 201@}<0 (Class 0: practically
uncontaminated), Ogd<1 (Class 1: uncontaminated to moderately contamd)at
1<lge<2 (Class 2, moderately contaminated),&<B (Class 3, moderately to heavily
contaminated), 3gd<4 (Class 4, heavily contaminated), ¢si5 (Class 5, heavily to
extremely contaminated), 5z} (Class 6, extremely contaminated). Class 6 refléét
fold enrichment over the background value (Singal €1997).

Enrichment Factor (EF) was used to determitesther metals in sediment were of
anthropogenic origin (Simex and Helz 1981). To tdgranomalous metal concentration,
geochemical normalization of the heavy metal data conservative element, such as Al,
Fe, and Si was employed. Several authors have ssfatlg used iron to normalize heavy
metal contaminant (Schiff and Weisberg 1999; Muehal. 2003,Seshan et al. 2010;
Varol and Sen 2012). In this study, iron was aBleded as a main conservative tracer
(while, Mn was also selected for comparison) tawmisinate natural from anthropogenic
components. The EF of each concerned metal wagsseut by the following equation
(Eq. 2.2):

EF = (Metal/Fe)sample
(Metal/Fe) background

(2.2)
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where (Metal/Fe)mpieis the metal to Fe ratio in the sample of inter@detal/Fe)aciground

is the natural background value of the metal todE®. The choice of background values
plays an important role in the interpretation obgfeemical data, in which several authors
(Loska and Wiechula 2003; Olivares-Rieumont et2805; Singh et al. 2005; Pekey
2006b) have successfully used the average shales/al the average crustal abundance
data as reference baselines. The background védudsF calculation were similar as
those used in the aforementioned Geo-accumulatimexl calculation. Value of
enrichment factor < 1 indicates no enrichment, i$-3ninor, 3-5 is moderate, 5-10 is
moderately severe, 10-25 is severe, 25-50 is vevgre, and > 50 is extremely severe
enrichment (Sakan et al. 2009).

Hierarchical clustering analysis is undertaken etiog to the Ward method (Ward 1963)
with Pearson distances (Zhou 2008). Ward methodowasidered superior in the aspects
of giving a larger amount of correct classified efvsitions in comparison with other
methods (Sharma 1996). Results are shown in a ograan where steps in the
hierarchical clustering solution and values of tHestance between clusters are

represented.

Principal component analysis (PCA) has been widebd to identify possible sources of
heavy metals in sediments; natural, anthropogemmgixed (Facchinelli et al. 2001; Micé
et al. 2006). PCA reassembles the original vargabigo several integrated groups
unrelated to each other and selects less compighewariables from the integrated
groups to reflect the original variables accordinghe actual needs. The result of PCA
indicates that heavy metal concentrations can tecexl to several components, which

represent all the heavy metals in samples.
2.3. RESULTS AND DISCUSSION
2.3.1. Heavy metal contamination

The statistical summary for heavy metal values-BOm sediment samples is given in
Table 2.1. The concentration distribution of metalkbws the decreasing order: Fe > Mn
>Zn > Cr > Cu > As > Pb > Ni > Cd. Based on mealues, Fe (35,092.3 mg/kg) was
the dominant metal in the sediment samples, foltblwg Mn (519.1) and Zn (477.9),

while Cd showed the minimum mean (4.4 mg/kg) indbédiment samples. High standard
deviation was found for Fe (46,087.0) and As (1p8@dla result of high concentration of
these two metals in S7, located right before Thamt Dam (Fig. 2.1). The dam
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closing/opening regime resulted in stagnation ofewand sediment there in dry season,
when samples were collected. The values of the &eamulation Index (Table 2.1)
were observed to be negative for Mn (-1.3), FeO};INi (-0.7) and Cr (-0.3), suggested
that the sediment was not polluted by such fouraleetMeanwhile, it was slightly
polluted with Cu (0.4), and moderately with Pb jladd Zn (1.8). The sediment was
under of moderate to strong pollution with As daéhigh value of d, (2.1). Especially,
the highest g, value of Cd (3.3) suggested the sediment was@tgtpollution by this
metal. In summary, thed values of the nine heavy metals in sediment deeccasthe
order of Cd > As > Zn > Pb > Cu > Cr > Ni > Fe > MBy using Fe as normalizing
element, Enrichment Factor (EF) indicated the sinolrder of metal pollution degrees as
lgeo(Table 2.1). There were no enrichment of Mn (0r&) &li (1.3), minor enrichment for
Cr (1.6) and Cu (2.62), while Pb (4.5) was at mateeenrichment level. Zn (6.8) and As
(8.7) values fall within 5 and 10 suggesting theéirsent was moderately severe enriched
by those two metals. Amazingly, the EF value ofd@idt up to 19.9 indicating the severe
enrichment of this metal in sediment. Even usingoF&In as normalizing element, the
order and degree of enrichment (Sakan et al. 2@02pncerned metals in sediment were
almost similar (Table 2.1). This indicated thatidesising Fe, Si and Al, Mn can also be
used as normalizing element in evaluating metaicbment degree, especially for

polluted urban rivers such as To Lich in Hanoi city

Table 2.1. Heavy metal concentration (mg/kg) in00eBn sediment, Enrichment Factor

(EF), and Geo-accumulation Indey.()

Heavy

metal Mn Fe Ni Cr Cu Pb Zn As Cd
Min 311.1 15,3235 239 771 351 332 3052 193 0.8
Max 912.7 148,912.1 111.4 1740 1559 90.5 7181 501.8 11.8
Mean 519.1 35,092.3 648 107.9 87.7 67.1 4779 839 4.4
Standard 14, 9 450870 279 208 401 19.8 1454 1691 4.3
deviation

Average  gon 47200 68 90 45 20 95 13 03
shalé

lgeo 1.3 10 07 03 04 12 1.8 21 33
EF? 0.€ 1.C 1.2 1.6 2.6 AE 6.€ 8.7 19.¢
EF 1.0 1.0 16 21 34 57 92 78 235

'World geochemical background value in average sffaleekian and Wedepohl 1961).
2using Fe as normalizing element.
3using Mn as normalizing element.
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In comparison with the sediment quality guideli(8QGs), the concentrations of Zn and
Cd (Table 2.2) were exceeding the maximum perniessibncentrations for crops (Steve
1994). There are several pumping stations locatataro Lich River, which may also
pump sediment for enrichment agricultural field,gaively affecting on quality of
agricultural products. It is also important to dete whether the concentration of heavy
metals in sediment in this study poses a threagtatic life, since water of To Lich River
is still used for aquaculture after discharging Nthwue River. The heavy metal
concentrations found were compared with consenaasebthreshold effect concentration
(TEC) and probable effect concentration (PEC) \&l(MacDonald et al. 2000; Table
2.2). Mean values of Ni, Zn, and As exceeded th€,Rihich likely result in adverse
effects on aquatic life. Considering maximum coricgions (Table 2.1), values of six of
seven concerned metals much exceeded (Table h@3eTsuggest that sediment from To

Lich River is not suitable for both crops and agitace.

Table 2.2. Comparison of heavy metal concentratog/kg) in study area with sediment

quality guidelines

Heavy metal Cr Mn Fe Ni Cu Zn As Cd Pb

This study 107.9 519.1 35,092.364.8 87.7 4779 83.9 4.4 67.1
SQG- <25 na na <20 <25 <90 <3 na <40
unpolluted

SQG-

moderately 25-75 na na 20-50 25-50 90-200 3-8 na 40-60
polluted

SQG-heavily > 5 na na > 50 > 50 > 200 >8 >6 > 60
polluted

MPC 400 na na 110 200 450 - 3 300
TEC 43.4 na na 22.7 31.6 121.0 9.8 0.9 35.8
PEC 111.0 na na 48.6 149.0 459.0 33.0 4.9 128.0

' USEPA sediment quality guidelines (Pekey 2006a).

2 Maximum permissible concentrations of potentialixit heavy metal for crops (Steve
1994).

®Threshold effect concentratiohProbable effect concentration (MacDonald et al Q300

na data not available.

Table 2.3 summarizes the statistical data set &0 @m water samples. The metal
concentrations in water from To Lich River follow#t order: Mn > Zn > As > Pb > Ni

> Cu > Cr > Cd, which was dissimilar to that in iseeht (Table 2.1). This indicated the
distinct in the balance of heavy metals in aquatid sedimentary systems (Varol and Sen,

2012). The speed of stagnation and dissolve ofyheastals were different depending
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much on water flow rate, metal concentrations, @tarcus 1989; Martin 2000), which
led to differences in concentration order of heavwgtal in sediment and water. The
highest metal concentration in water belonged to(®46.2ug/L), followed by Zn (51.1),
As (39.1), other metals (Pb, Ni, Cu, and Cr) witleam concentration of lower than
10ug/L. Cd was observed to have lowest concentratiorthe water samples with
maximum value of 0.2u1g/L. Comparing to previous data (Table 2.3; CENMB0,;
Kikuchi 2009) on heavy metal contamination in watancentration of Ni, Zn, As, and
Pb tended to increase while that of Cr, Mn, and dégreased. This suggested that
environment of To Lich River has been either nat ipgproved or improved not such

much even several regulations on environment ptioteevere issued recently.

Table 2.3. Heavy metal concentratiopg/() in water and mean concentration reported

from previous studies

Heavy metal Cr Mn Ni Cu Zn As Cd Pb

Min 2.0 83.7 5.0 3.0 28.0 13.1 na 6.0
Max 5.0 400.8 13.0 7.0 93.0 76.2 0.2 11.0
Mean 29 216.2 7.6 4.5 51.1 39.1 na 8.1
Standard deviation 1.4 87.1 2.6 1.7 20.2 18.1 na 6 1.
Sample collected

in rainy season <50 2304 na na na 14.7 na <0.1
2008

Sample collected 4, , 1460 34 84 361 103 na 2.8
in June 2006 ' ' ' ' ' ' '

Sample collected

in October 2005 8.4 1140 6.0 4.6 31.6 5.6 na 1.9

! CENMA (2008).
% Kikuchi et al. (2009).
na data not available.

Among eight concerned heavy metals in water (T&xg, Mn had the concentration
exceeded the WHO (2006) maximum permitted levelifagation water standard, even
though it has been widely used for agriculturegation. Water of To Lich River has not
been directly used for aquatic life, however aftischarging to Nhue River it is used for
aquaculture. Concentration of Ni, Cu, Zn, As, and i@ water was still lower than
permitted level for aquatic life (USEPA 2006).
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Table 2.4. Comparison of heavy metal concentrafjoyL) in study area with water

quality guidelines

Heavy

metal Cr Mn Ni Cu Zn As Cd Pb
This study 2.9 216.2 7.6 4.5 51.1 39.1 na 8.1
WHO! 100 200 200 200 2,000 100 10 5,000
USEPX na na 470 13 120 340 2 na

!lrrigation water standard (WHO 2006).
% Acute values for protection of freshwater aquafe (USEPA 2006).
na data not available.

2.3.2. Hierarchical cluster analysis

Cluster analysis (CA) was performed to identifyatelnships among metals and their
possible sources (Casado-Martinez et al. 2009; ¢rairal. 2011). Four clusters were
observed (Fig. 2.2) for the metals in 0-30 cm sedinwith significant linkage distance,
indicating relatively high independency for eactistér. The first cluster was formed by
As and Mn, which were derived from a mix of anttogenic and lithogenic sources. Mn
and As were extremely well correlated wetach other presented by high correlatior (
0.99; Table 2.5). Mn is found abundant in the Bartirust (Turekian and Wedepohl
1961), however its concentration was higher at didveam site (S7; Fig. 2.1) after a
complex of manufacturing plants. Therefore, Mn dam from both natural and
anthropogenic sources. As, the redox sensitive esdems commonly more soluble in
oxidized groundwater occurring as oxyanion or i@ torm of AsQ® or H,AsO, (Chen

et al. 2007). However, in reducing waters, As tetme incorporated in insoluble
minerals (Welch et al. 1998). Cluster 2 containet &dd Ni, which were moderately
correlatedr = 0.57). These two metals were mainly derived frorh@pogenic sources
(e.g. inorganic fertilizer application, mechanieagineering). Cluster 3 containing Cr and
Pb, and cluster 4 containing Cu and Zn were derfuvath anthropogenic sources (e.qg.
vehicle fumes, leather manufacture), which wer® asnfirmed by relatively strong
correlations (Table 2.5). The order of significameclusters was following: Cluster 1 >
Cluster 4 > Cluster 3 > Cluster 2 (Fig. 2.2).
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Fig. 2.2 Dendrogram of specified metals in 0-30sadiment using Ward’s method

Fig. 2.3 illustrates the dendrogram of metals inewaamples with three main clusters.
The strong correlation between Cr and Zr(0.75) was observed in the second cluster.
Cu and Ni ( = 0.60), which well correlated with each otherrevassociated with Pb to
form the first cluster. The third cluster was fodrgy As and Mnr(= 0.51). The inter-
element correlations in each cluster were relativeeaker than that in sediment,
representing by linkage distances in Fig. 2.2 aigd Z3. The elements grouped in each
cluster in water and that in sediment were alsteigifit, except correlated pair formed by
As and Mn. Long history of sedimentation (MartinOB), the difference of amount and
component of wastewater discharged to To Lich Ribsr years, seasons and
manufacture’s working schedules, water flow rated apening regime of Thanh Liet

Dam (Fig. 2.1) responded for the such differences.
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Table 2.5. Statistical results of factor analysis@-30 cm sediment

Matrix to befactored

Cr Mn Ni Cu Zn As Cd Pb
Cr 1
Mn 0.03 1
Ni 0.12 0.47 1
Cu 0.49 0.04 0.37 1
Zn 0.27 -0.37  0.09 0.79 1
As -0.17 085 009 -025 -0.48 1
Cd 0.08 022 057 -0.10 -0.27 -0.19 1
Pb 0.62 059 041 070 0.21 0.36  -0.03 1
Rotated loading matrix (VARIMAX Gamma=1.000)

PC1 PC2 PC3
Cu 0.96" -0.08 0.05
Pb 0.78" 0.57 0.10
Zn 0.75" -0.46 -0.18
Cr 0.69° 0.01 0.11
As -0.18 0.96" -0.15
Mn 0.07 0.93 0.29
cd -0.15 -0.07 0.95
Ni 0.33 0.23 0.80"

Eigenvalues 2.72 2.39 1.70
\;’g’nt;’::i'e 33.96 29.92 21.20
Cumulative % 33.96 63.88 85.08

Values in bold are statistically significantm& 0.05." Strong positive loadings (values > 0.7),
*Moderate positive loading (0.5 < values < 0.7).
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Fig. 2.3 Dendrogram of specified metals in 0-10awvating Ward’'s method
2.3.3. Principal component analysis

Principal component (PC) analysis is applied tongtetively evaluate the clustering

behavior with Varimax normalization. According t@t@ll and Jaspers (1967), PCs with
eigenvalue > 1 were retained. The results for heagtal contents in 0-30 cm sediment
are given in Table 2.5 and Fig. 2.4. Three factwese originated with a cumulative

variance of 85%. The first factor (PC1) contribu8d6 of total variance, showing strong
positive loadings on Cu (0.96), Pb (0.78) and Z7%D and moderate positive loadings
on Cr (0.69; Table 2.5). This association may lbated to local industrial effluents. Cu

may result from mechanical engineering and Cu-baagtbchemicals/ phosphate
fertilizers, which was presented by cluster of @d Zn (Fig. 2.2). Zn and its compounds
have been used in different manufactured goods |paigt, rubber/automobile tires) and
in fertilizers applied in agriculture in river catment. Chromium salt may be used in
leather processing, which is located near S1 i, thus the effluents may contain high
levels of Cr. Meanwhile, paint industry located mez6 (Fig. 2.1) could also be

considered as one of pollution sources. The sefamrdr (PC2) accounted for 30% of the
total variance and contained As (0.96), Mn (0.98) Bb (0.57; Table 2.5); thus covering
metals originated from both natural and anthropagseources. The occurrence of Mn
may be due to its common presence in the basic, ioke the concentration of this
element was lower than background valugs € 0; Table 2.1). As is well correlated with
Mn (r = 0.85) as shown in correlation matrix (Table 2By cluster analysis (Fig. 2.2),

suggesting that As may originate from parent maleras well. In addition, As also
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originates from anthropogenic source, since arseraatd arsenite are utilized in
production of dye stuffs and a preservative ofHeatproducts (Japan Environmental
Sanitation Center 2005). Meanwhile, the presendeboin PC2 may suggest a source of
vehicular fumes, since before 2007 gasoline blendét lead was widely used in
Vietnam (Fig. 2.4). The third factor (PC3), explam21% of total variance, contained a
high loading on Cd (0.95) and Ni (0.80), which haeéir origin mainly in industrial
sources. This corresponded to cluster 2 (Fig. 2A%).mentioned previously, using
phosphate fertilizers was an important source avfenetals to To Lich River sediment
including Cd. Other sources of Cd may include otherganic fertilizers (e.g. nitrogen or
potash), atmospheric deposition or anthropic wasieh as sewage sludge, wastewater or
waste materials. Ni originated from mechanical Begring, since it is an alloying metal.
It may also come from untreated wastewater fromrbyealn general, the results of
principal component analysis (Table 2.5) have shdwrbe coincided with cluster
analysis (Fig. 2.2) for 0-30 cm sediment.
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Fig. 2.4 Loading plots of principal component asayfor the three rotated components
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For water data set, three factors were observeud avitumulative variance of 80%. PC1
was responsible for 31% variance and is best repted by Cu, Pb, and Ni with loadings
of 0.90, 0.83 and 0.77, respectively. PC2 contaiied0.94) and Cr (0.92), accounting
for 27% variance. The metals belonged to PC1 an2 f&inly derived from anthropic

wastes discharged into river. Meanwhile, As (-0.94d Mn (-0.76) showed strong

negative loadings in PC3 with total variance of 22%
2.4.CONCLUSIONS

Heavy metal assessment and source discriminatienimportant for environmental

improvement and protection strategy, especiallyuitranizing cities as Hanoi, Vietnam.
To Lich is one of the four main rivers, dischargthgee fourth wastewater in inner Hanoi
city. The water of this river is not suitable farigation since Mn concentration was
exceeding permitted concentration standard, wtolecentrations of As, Cd and Zn in
sediment were likely to have adverse effects oricaljure and aquatic life. It is

concluded that environment of To Lich River has pet been improved even several

regulations on environmental protection had besmeid recently.

Principal component analysis indicated that As add originated from both
anthropogenic and natural sources, while Cu, Cr,Nicind Zn were mainly from local
industrial influence, and Pb was from vehicular &amHowever, the ratio of source of
heavy metals (e.g. mechanical engineering, rutdmep, leather, hospital), which may
support local government in issuing suitable emnnental protection regulations and

countermeasures, was not covered in this studied.
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CHAPTER 3. AN ASSESSMENT OF HEAVY METAL POLLUTION AND
EXCHANGE BETWEEN WATER AND SEDIMENT SYSTEM IN THE TO LICH
RIVER, INNER HANOI CITY

Has been under review IGATENA.

ABSTRACT

The To Lich River (TLR) serves as a main recepfovastewater from Hanoi inner city
and supplying irrigation water for downstream areasth the urbanization in recent
decades, untreated and/or partially treated wastevilmm both industry and household
has been discharged to river leading to seriousr@mmental problems. Heavy metal
concentrations in surface water and different sedinlayers at nine sampling positions
along TLR were analyzed. Enrichment factor, Geaitaudation index (Gl), cluster
analysis, and quality guidelines were used to asse@sent status and possible risks that
may arise from heavy metal contamination. Mn cotregion in surface water exceeded
the irrigation water limit at seven of nine siteleanwhile, Cd was the most

contaminated metal causing heavy sediment

Keywords: Cluster analysis, Geochemical indices, Metal acdatimn, Quality

guidelines, Sediment
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3.1.INTRODUCTION

Heavy metal contamination in environment is of maoncern because of their toxicity
and threat to human life and the environment (Pud@85).The majority of chemicals
discharged into river system eventually end upesiiraents that may act as a sink as well
as a source of pollution (Beg and Ali 2008). Veb#ds irrigated with heavy metal
contaminated water increase heavy metal accumnlatitheir edible portions (Butt et al.
2005; Sharma et al. 2007; Kiziloglu et al. 2008).adddition, heavy metal contaminated
sediments have negative effects on root and shwowttly of crops (Beg and Ali 2008).
Disposal of dredged contaminated sediments magtafie surrounding environment due
to the presence of harmful organic compounds aadetmetals (Singh et al. 2000).
Meanwhile, long-term leaching and migration of @mninants from improperly disposed
sediment as on river banks and floodplain can te@swontamination of both surface and
ground water (Maskell and Thornton 1998). Therefeegliment quality is an important
focus in the assessment, protection, and managesheuatic ecosystems. Because it
affects the fate of many chemicals, which are gakmpacts on organisms exposed to

sediments with elevated chemical concentrationst{Seb al. 1996).

It is frequently said that humic substances playaor role in controlling the behavior
and mobility of metals in sediment, that are esaktrace elements or pollution-derived
heavy metals (Livens 1991). Organic matter existsliasolved and suspended forms,
and/or in the bottom sediments. Those forms ofdiganic matter interact with heavy
metals (Mulligan and Yong 2006). Sediments contgjriiigh amounts of organic matter
tend to accumulate higher metal levels (Facettil.e1998; Nguyen et al. 2010), because
their compounds have pronounced metal binding ptigse(Bolt and Bruggenwert 1976).
Heavy metal concentrations tended to decrease théhincrease of sediment depth,
meanwhile Pb, Zn, and Cr contents tended to iner¢award downstream distance
(Subramanian et al. 1987).

Several studies (Ho and Egashira 2000; Nguyen.e2048, 2010) on quality of river
water and sediment in inner city of Hanoi indicathat heavy metal concentration
exceeded the maximum permissible concentrationagoculture. However, that in water
of To Lich River (TLR) was lower than Vietnamesefauoe water standard (Kikuchi et al.
2009). Those indicate the complexity of heavy metaitamination in TLR. The fact that
resources of TLR are still being used for agriawtand there is a dense population living

near river bank, which became playground. Reguiagdyson contamination degree of
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water and sediment is needed to direct the usesufurces and a proper management
scheme for TLR basin. Thus, the aims of this wark @) to determine heavy metal

concentration and distribution in water and sedinuérihe TLR and (2) to assess degree
and extent of metal contamination in the river gsstatistical approaches and quality

guidelines.
3.2.MATERIALS AND METHODS
3.2.1. Description of study area

The To Lich River (TLR) is one of four main riveirs inner city of Hanoi; those rivers
receive and discharge 451,008water/day including industrial, household, and li@$p
wastewaters (Nguyen 2005). TLR starts from WeseLiakNorth Hanoi, running through
residential areas in upstream and industrial anedownstream before discharging to
Nhue River in South Hanoi (Fig. 3.1). The River hagngth of approximate 17 km and
covers a basin area of 20 krithe first 3.1 km from upstream of TLR (betweempkng
position 1 and 2 in Fig. 3.1) has not been embankedile the embankment at
downstream was finished in 2002 except the sedteiween sampling position 6 and 7
(Fig. 3.1) because of difficulty in land clearanés.a result of embankment, the river has
a width of 20-45 m, depth of 2-4 m, and maximunwfleapacity of 30 riis. There are
239 point sources, including pipe culverts sizeamr300 to 1,800 mm in diameter and
box culverts sized from 1,200 x 1,200 mm to 3,308300 mm, discharging wastewater
to TLR (Nguyen 2005). Non-point sources are alsailakle, which is the illegal
dumping of domestic and construction waste on ribank or directly to river.
Wastewater discharged to TLR amounts 290,06@ay, accounted for 64% of total
wastewater in the city. Sixty percent of 290,00bgenerated from industry, 2,000°m
was from hospitals, and the remaining amount wasétoold wastewater (HENRD 2003).
In dry season, water discharged from West Lakémgdd because of low water level;
most water in TLR is wastewater from households iaddstry with low flow rate and
high pollution (HENRD 2009).

There are 33 manufacturing plants discharging wasder to TLR without appropriate
treatment (EIO 2001), except 4.4% (Nguyen 2005)irtytof those plants are from
Thuong Dinh - Nguyen Trai Industrial Zone, whiclscharge wastewater to 9-16 km
downstream section of the river; including 14 goises of mechanical industry, four of

textile industry, three of leather industry, twoabiemical industry (rubber and soap), two
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of ceramic industry, one of food processing induginbacco), one of paper industry, and
three other enterprises.

1t Factories
3 Hospitals
@ Sampling positions

Thuong Dinh
industrial zone

Agricultura)

/| Thanh Liet Dam Kim Nguu River

Fig. 3.1 The sites of sampling position

At 0.5 km from downstream (Fig. 3.1), Thanh Lietm@avhich has maximum water level
of 4.5 m and discharge capacity of 4%snwas built to control water flow direction of
TLR. In general, when water level of Nhue Rivetawer than that of TLR the dam is
open. Conversely the dam is closed, when waterld&® T in low level and/or too

polluted it may affect the aquaculture in downgtreaf Nhue River. In such case, water

runs to Yen So Lake through Kim Nguu River (Fidl)3and then it is pumped to Hong
River.
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3.2.2. Sample collection

Water (at 10 cm depth) and sediment of differempttae (0-30, 30-60, 60-90, and 90-120
cm) were collected at nine positions along the rriglgig. 3.1). The distances from
upstream to sampling positions are shown in Talle Bhe first sampling position was
located at 0.2 km from West Lake in un-embankmewtien. Sampling positions 2, 3,
and 4 were at embanked section, mostly receivingséioold and hospital wastewaters.
The remaining sampling positions receive varioupesy of wastewater including
industrial effluents. Position 5 was located aeiséction, where Lu River discharges to
TLR, meanwhile positions 6 and 7 were at the unarkinent section of TLR. Position 8
was located at intersection between Kim Nguu Raret TLR, and position 9 was located
below Thanh Liet Dam at 0.4 km from downstream (Bid). All samples were collected
in dry season in March 4-5, 2011.

Water samples were collected in polypropylene bstdnd stored at’@ in refrigerator
until analysis. For heavy metal determination, wager samples were acidified with conc.
HNO; to pH < 2 (1.5 ml conc. HN{per liter of sample). The pH of water was measured
in situ using a portable pH meter. Sediment sampleghe other hand, were taken from

river bed using a self-made sediment sampler ahdhfmupolyethylene bottles
3.2.3. Chemical analysis

Total organic carbon (TOC) contents in water ardirsent were analyzed using a TOC
analyzer (TOC-5000A, Shimadzu). For heavy metalysi| sediment samples were air-
dried at room temperature and passed through lramleds steel sieve to remove big
particles. Then the samples were heated in an @eB8FC until constant weight,
powdered and homogenized. As for microwave-assigteid digestion procedure,
approximately 50 mg dry homogenized sediment waseaal in a vessel and successively
digested with 10 mL of conc. HNOn a microwave digestion system (USEPA 2007)
After cooling, the digest was transferred into asgit volumetric flask and adjusted to 50
mL volume with Mili-Q water. The sample was finafiftered through a membrane filter
(0.45 um pore size). Metatoncentrations (Cr, Mn, Fe, Ni, Cu, Zn, As, Cd, &g in

water and acid-digested sediment samples werendieied using ICP-MS.

Standard operating procedures, calibration withdsieds, and analysis of reagent blanks,
and analysis of replicates were used to guaraheeguality of analytical data. Analysis

for all samples was carried out in triplicate td tyee mean as final data.
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3.2.4. Sediment contamination assessment
3.2.4.1. Enrichment factor

Enrichment factor (EF) was calculated using thifahg equation (Eq. 3.1):

_ (Metal/Fe)mpe

= (3.1)
(MetaI/Fe()ackground

in which, (Metal/Feympe is the ratio of metal to Fe in the sediment sasimed
(Metal/Fepacrgroundis the ratio of natural background value of ther&sponding metal to
Fe. As background values of the metals of conaeurrent study site are not available,
the earth crust values (Turekian et al. 1961) weesl (Singh et al. 2005).

3.2.4.2. Geo-accumulation index
The calculation of Geo-accumulation index (Gl) @kwing equation 3.2 (Eq. 3.2)

C,
1.58,

Gl =Log, (3.2)

where G is the concentration of metal n in sediment irstetudy and Bis the
geochemical background concentration of the coarding metal . The background
values were similar as those used in Enrichmertbfacalculation. Figure 1.5 is the

background matrix correction factor due to lithosph effects (Memet and Bulent 2012).
3.2.4.3. Sediment quality comparison

The quality of sediment of each sampling positiomsvevaluated using the consensus-
based sediment-quality guidelines (SQGs), whickssspossible risk to aquaculture from
the heavy metal contamination. Guidelines consisa ¢hreshold effect concentration
(TEC) below which adverse effects are not expedtedccur and a probable effect
concentration (PEC) above which adverse effectseaqgected to occur more often
(MacDonald et al. 2000). Meanwhile, mean PEC quttievere calculated by methods of
Long et al. (1998; i.e., for sediment sample, therage of the ratios of concentration of
each contamination to its corresponding PEC wasutatked for each sampling position).
Sediment is predicted to be not toxic if mean PE®tignt is < 0.5. In contrast, it is

predicted to be toxic when mean PEC quotient exxéesl(MacDonald et al. 2000).
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Sediment quality in this study was also compareth that of other rivers around the

world to see the extent of metal pollution in treellich River.
3.2.4.4. Statistical analysis

All statistical analyses were done with statistisgnificance set ap < 0.05. Cluster
analysis (CA) was employed to classify all nine glng positions into different clusters,
based on their nearness or similarity (Varol &wh 2009). In this study, CA was
performed on the data set using Ward’s method Bitblidean distances as a measure of
similarity (Ward 1963).

3.3.RESULTS ANDDISCUSSION
3.3.1. Sediment
3.3.1.1. Total organic carbon and heavy metal aanagon in sediment

Total organic carbon (TOC) in sediments ranged fi@f to 9.7% (Table 3.1), while
concentration of Cr ranged from 55.1 to 805.6 mg, RH7.7 - 1,649.9 for Mn, 9,337 -
187,572 for Fe, 23.3 - 206.7 for Ni, 35.1 - 21014 €43.8 - 1,502 for Zn, 14 - 824.5 for
As, 0.8 - 105.2 for Cd, and from 33.2 to 155.5 ny} kor Pb. There was no significant
relationship between TOC or heavy metal level andrstream distances (Table 3.1) as
well as sediment depths (Fig. 3.2). The concewnimatf heavy metals was observed to be
decreased by sediment depths and increase towandstteam distance in Ganges and
Brahmaputra Rivers of India (Subramanian et al.719%hd in sedimentary basin of
Finland (Vallius 1999) as a result of gradual acolation of heavy metals from
industrial and agriculture sources. This studyifiecent, since the To Lich River is quite
short (approximate 17 km) and higher water flove tiierefore wastewater may take only
a few days to flow down to Nhue River through Thamét Dam (Fig. 3.1). The same
phenomenon was concluded by Pease et al. (2008judy in Tar River floodplain that

downstream correlations for heavy metals were ound.
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Table 3.1. Concentration of heavy metals (mg)kdotal organic carbon (TOC, %), and mean probaiffiect concentration quotients (mPECq) for

each sampling position in the To Lich River, Hanoi

S;c:gft’i'gr‘]g Eg:?gg;f(f;:) dﬁ‘hm(ﬁrr‘;) TOC  Cr Mn Fe NNk Cu zn As Cd Pb  mPECq
s1 0.2 0-30 49 551 13545 1875726 704 1069 798245 12 1062 4.0
30-60 38 823 13984 157,8422 934 147.8 512.97.5% 15 1555
60-90 41 668 16499 1647531 632 130.3 702.85.8 14 152.7
s2 3.1 0-30 41 1740 4551 16,1250 483 1252 5681 249.1 905 0.9
30-60 46 1864 3787 11,6512 509 989 4270 1698  59.1
60-90 58  217.0 3193 94430 455 820 4783 1909  66.0
90-120 48 3386 4149 153388 609 1082 5803.325 12  88.1
s3 5.1 0-30 37 981 4994 153235 627 1560 7181 19.3.9 823 11
30-60 31 1812 7068 264799 905 1466 784.8 128.27  99.6
60-90 35 1631 6625 24,0847 833 1546 88lL4 926.24 985
90-120 31 1365 5749 20,9849 731 1298 698.1.624 2.2 813
sS4 9.1 0-30 47 1079 5284  17,809.9 1114 1125 6095 121.64  64.0 2.1
30-60 81 1731 5240 21,9193 1023 2104 121285 1052 1243
60-90 51 1413 4340 18,0666 107.0 1403 769.6.2 2720.7 103.9
90-120 64 914 2677 93372 727 956 5409 18.9.0 76.8
S5 13.6 0-30 27 771 3507 16,5907 443 595 3548 19.8.8 0 49.4 1.8
30-60 47 8056 4770 242061 2067 189.5 1,50%8.2 3.6 975
60-90 37 587.6 5005 225004 179.2 1517 1026183 22  88.8
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Table 3.1 (Continued)

S6 13.8 0-30 2.0 118.1  520.7 24,073.3 929 817 4089 21.3.7 74.0 0.7
30-60 1.0 78.1 567.8 19,719.9 62.2 525 2128 14.9.6 56.0
60-90 0.5 74.0 627.5 23,535.2 511 391 1438 14.M.8 46.0

S7 15.5 0-30 1.7 108.2 574.4 21,3134 629 66.3 3569 20.31.8 57.3 11
30-60 2.2 157.2 503.1 21,857.2 775 818 468.1 26.845 68.6

S8 15.7 0-30 2.6 95.5 912.6 148,912.1 726 653 305.2 501.85 85.7 1.8
30-60 1.7 72.7 753.0 28,451.6 56,9 50.0 1922 448.9 64.6

S9 16.3 0-30 9.7 84.8 3111 20,590.1 233 351 5021 420.2 1 332 0.6

MPEC(q < 0.5, sampling positions are predicted todidoxic to aquaculture life; mMPECq > 1.5, theg predicted to be toxic (Macdonald et al. 2000).
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Fig. 3.2 Relationship between sediment depth arehreencentration of heavy metal
3.3.1.2. Contamination indices

Enrichment factor (EF) and Geo-accumulation ind8X) (vere matching in explaining
contamination degrees of heavy metals in this s{i@dple 3.2). Generally, if EF values
were lower than 5 (moderate enrichment) then cpoeding values of Gl were lower
than 3 (moderately contaminated). The lowest comat®ed metal was Mn for all
sediment layers, which owned EF values of 0.3-In® ©r minor enrichment)
corresponding to Gl values of minus 2.3 to 0.4 @maminated). Meanwhile, Cd was the
highest contaminated metal with Gl value of 7.9%responding to EF value of 754.8
(Table 3.2). There were no metals causing heaahtaiminated at all sampling positions
(Table 3.2; Fig. 3.3). Except Mn and Fe, all otheavy metals caused contamination at
some extents for specific sampling positions angéaliment layers. Pb caused moderate
to heavy contamination for 11.5% of sediment sas)plén caused 34.6% samples
moderate to heavy contamination and 7.7% samplagyrmntamination, and As caused
3.8 and 11.5% samples heavy to extreme contammati@l extreme contamination,
respectively. Meanwhile, 89% samples were contamathavith Cd at moderate to
extreme level (Fig. 3.3). There were two sampliogifoon S1 and S4 (Table 3.2) under

extreme contamination based on maximum GI valueetlinder heavy to extreme (S6,
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S7, and S8), while S5 were under heavy, S3 undeferate to heavy, and S2 and S9
under moderate contamination. Patterns of reldtipnsbetween heavy metal
contamination degree (Gl) and downstream distandéoa sediment depths were also not

found, indicating the dynamics of heavy metals,evatgime, etc., of the To Lich River.

(a) B No enrichment Minor enrichment
M Moderate enrichment mModerately severe enrichment
B Severe enrichment O Very severe enrichment
100 =
4
o, 807188
m 1
s i 3
g 601 3e
1 1 1 1 1 ::
b i -+
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[¢) 40 i -
° 4
3 3
8 20 i ' : N :
0 T T T T
Cr Mn Fe Pb
( ) O Practically uncontaminated BUncontaminated to moderately contaminated
OModerately contaminated @ Moderately to heavily contaminated
B Heavily contaminated &l Heavily to extremely contaminated
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2 |:|:| |:|:| +44
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Fig. 3.3 Percentage of samples of enrichment (@)p&geo-accumulation (b) classes
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Table 3.2. Enrichment factor (EF) and Geo-accunanaindex (Gl) of heavy metals for sediments in the Lich River, Hanoi, using Fe as

background value

Sampling  Sediment depth Cr Mn Fe Ni Cu Zn As Cd Pb Contamination
position (cm) EF GI EF GI EF GI EF GI EF GI EF GI EF GI EF Gl EF Gl level®
s1 0-30 02 -1.3 04 01 10 14 03 -05 06 07 16 21 160 54 10 14 13 18 extreme
30-60 03 -07 05 01 10 12 04 01 10 11 16 18 156 51 15 1.8 23 24
60-90 02 -10 06 04 10 12 03 -07 08 09 21 23 156 52 13 16 22 23
52 0-30 57 04 16 -15 1.0 -21 21 -11 81 09 175 20 56 04 106 1.3 132 16  moderate
30-60 84 05 18 -1.8 1.0 -26 3.0 -1.0 89 06 182 16 53 -02 112 09 12.0 1.0
60-90 120 0.7 19 -20 10 -29 33 -12 91 03 252 1.7 73 00 157 1.1 165 1.1
90-120 116 13 15 -16 10 -22 28 -07 7.4 0.7 188 20 6.0 04 122 14 136 1.6
s3 0-30 34 -05 18 -14 1.0 -22 28 -0.7 107 12 233 23 46 00 197 21 127 15 moderate to
30-60 36 04 15 09 10 -14 24 -02 58 11 147 25 39 05 158 26 89 1.7 heavy
60-90 36 03 15 -09 10 -16 24 -03 67 12 182 26 40 05 158 24 96 1.7
90-120 34 00 15 -1.1 10 -1.8 24 05 65 09 165 23 43 03 162 23 91 14
s4 0-30 32 -03 16 -13 10 -20 43 01 66 0.7 170 21 43 01 567 38 85 1.1 extreme
30-60 41 04 13 -1.3 1.0 -1.7 32 00 101 16 275 3.1 80 13 7548 7.9 134 21
60-90 41 01 13 -16 10 -20 41 01 81 11 212 24 55 0.5 1804 55 136 1.8
90-120 51 -06 16 -23 1.0 -29 54 -05 107 05 288 19 7.4 00 151.1 43 194 14
S5 0-30 24 -08 12 -19 10 -21 19 -12 38 -02 106 13 43 00 7.8 09 7.0 07 heavy
30-60 175 26 1.1 -1.4 10 -15 59 1.0 82 15 308 34 102 18 234 30 95 17
60-90 136 21 12 -13 10 -16 55 08 7.0 12 226 28 7.0 12 153 23 9.3 16
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Table 3.2 (Continued)

S6 0-30 26 02 12 -13 1.0 -16 27 -01 36 03 84 15 32 01 635 44 7.3 13  heawto
30-60 21 -08 16 -1.2 1.0 -1.8 22 -07 28 -04 54 06 27 -04 131 19 6.7 0.9 extreme
60-90 16 -09 15 -1.0 1.0 -16 15 -1.0 17 -08 30 00 22 -05 52 08 46 06

s7 0-30 27 -03 15 -12 10 -1.7 20 -07 33 00 83 13 35 0.1 870 47 63 09  heavwyto
30-60 38 02 13 -13 10 -1.7 25 -04 39 03 106 17 44 05 1047 50 7.4 1.2 extreme

S8 0-30 03 05 03 -05 1.0 1.1 03 -05 05 00 1.0 1.1 122 47 27 25 14 15  heawto
30-60 1.3 -09 15 -08 1.0 -1.3 1.4 -08 18 -04 34 04 57 12 106 21 54 1.1 extreme

S9 0-30 22 07 08 20 1.0 -1.8 08 -21 1.8 -09 121 1.8 74 11 89 14 38 0.1  moderate

Gl <0 is practically uncontaminated, 0<@lis uncontaminated to moderafesGk2 is moderate, 2<@B is moderate to heavy, 3<@l is heavy, 4<Gi5 is
heavy to extreme, and GI>5 is extremely contamthate

EF 1< indicates no enrichment, 1<EF is minor, 3<EF5 is moderate, 5<ERO0 is moderately severe, 10<EX5 is severe, 25<EB0 is very severe, and
EF>50 is extremely severe enrichment.

®based on highest value of Gl at each samplingiposit

Bold and underline numbers are highest values afo@ksponding to each sampling position.
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3.3.1.3. Sediment quality comparison

Comparing heavy metal data set of the To Lich R{#é&R) with that of other rivers
around the world (Table 3.3), the result indicatieat degree of metal contamination in
this study was not more serious than that in DarRilber (Europa), Rimac River (Peru),
Tees River (UK), Shing Mun River (Hong Kong), andugh Platte River (USA), but
much worse than that of Almendares River (Cuba)mGdiver (India), Nile River

(Egypt), and Yangtze River (China).

Table 3.3. Maximum concentrations of Cr, Mn, Ni,, @a, As, Cd, and Pb in sediment of

the To Lich River, Hanoi and other selected rivaa@und the world

L ocation M aximum concentrations (mg kg™) References
Cr Mn Ni Cu Zn As Cd Pb

To Lich River, 850.6 1,649.9 206.7 2104 1,502.0 8245 105.2 155 Bis study

Hanoi

Danube River, 556.5 1,655.0 173.3 8,088.0 2,010.0 388.0 32.9 &4Woitke et al.

Europa (2003)

Rimac River, Peru 71.0 - 23.0 796.0 8,076.0 1,543.31.0 2,281.0 Mendez (2005)

Tees River, UK - 5,240.0 - 76.9 1,920.0 - 6.0 6,8680Hudson-Edwards
et al. (1997)

Shing Mun River, 66.0 - - 1,660.0 2,200.0 - 47.0 345.0 Sinetd0@

Hong Kong

South Platte River, 71.0 6,700.0 - 480.0 3,700.0 31.0 220 270.0 HemyTate

USA (1997)

Almendares River, 23.4 - - 420.8 708.8 - 4.3 189.0 Olivares-

Cuba Rieumont et al.
(2005)

Gomti River, India 88.7 834.7 76.1 245.3 3435 - .817 156.3 Sigh et al. (2005)

Nile River, Egypt 2740 2,810.0 112.0 81.0 221.0 - - 23.2 Rifaat (2005)

Yangtze River, 205.0 - - 129.0 1,142.0 29.9 3.4 98.0 Yang et24109)

China

In terms of Zn concentration, 69% sediment sampkaeded maximum permissible
concentration (MCC) for crops, while Cd, Ni, andg@ncentrations exceeded 30.8, 11.5,
and 7.7% samples, respectively (Table 3.4). Thiscated that Zn, Cd, Ni, and Cr are
likely to affect crops, which are grown and regiylarrigated with mixture of water and
suspended sediment of TLR. Meanwhile, 100% sampbeseeded possible effect
concentration (PEC) for Cu, that were 84.6, 69@®0534.6, 26.9 and 7.7 for Ni, Zn, Cr,
As, Cd and Pb, respectively (Table 3.4). This revdaat the aquatic life is also likely to
be affected, especially for organisms living clae®d/or in sediment. If sediment is

exposed improperly, it may also affect other teri@sorganisms as well.
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Table 3.4. Comparison between sediment quality ejunids (SQGs) with heavy metal
concentration (mg K9 of all sampling positions in the To Lich Riverahbi

Cr Ni Cu Zn As Cd Pb
SQGs Mcé 400.0 110.0 200.0 450.0 - 3.00 300.0
TEC 43.4 22.7 316 121.0 9.8 0.99 35.8
PEC 111.0 48.6 316 459.0 33.0 498 128.0
This % of samples 7.7 115 3.8 69.2 - 308 0
study > MCC
% of samples 0 0 0 0 0 154 3.8
<TEC
% of samples 50.0 84.6 100.0 69.2 346 26.9 7.7
> PEC

! Maximum permissible concentrations of potentialbxit heavy metal for crops (Steve
1994).

2MacDonald et al. (2000), TEC is threshold effeata@ntration and PEC is probable effect
concentration.

Mean PEC quotients (mMPECq) were used to evaluatéothcity for sampling positions
(Table 3.1). In this study, mPECq for all nine séimgppositions ranged from 0.6 to 4.0.
The lowest value of mPECq (0.6, not toxic) was owse for site 9, which was located
after Thanh Liet Dam and close to Nhue River. Pbbpaondition here was more or less
the same that of Nhue River, which has been coresidrot as contaminated as TLR
(Kikuchi et al. 2009). The highest value of mPE®@)( toxic) accompanied with the
highest concentrations of As (824.5 mg‘ka@nd Pb (155.5 mg Ky was found in S1
(Table 3.1) which was located in residential arednout appearance of industrial. The
discharge of water from West Lake, where many utrotiable activities have been
happening, may be responsible for such situatiotiotial nine sampling positions, there
were four positions (S1, S4, S5, and S8) predittetbe toxic for aquatic life since
MPECqs exceeded 1.5, the rest five positions weillgetween > not toxic and < toxic
(MacDonald et al. 2000).

3.3.1.4. Cluster analysis and correlation coeffitse

Cluster analysis (CA) was used to group the sim#ampling positions (spatial
variability) and to identify specific contaminati@meas (Simeonov et al. 2000; Casado-
Martinez et al. 2009; Yang et al. 2009; Sundaragplef011). Spatial CA rendered all
nine sampling positions along the To Lich River andendrogram based on metal
concentrations in sediment, which were groupedtimtee statistically significant clusters
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(Fig. 3.4). Cluster 1 consisted of three siteseési8, 4 , and 5; Fig. 3.1), cluster 2
contained sites 2, 6, 7, 8, and 9, and there whs 9te 1 in cluster 3. Each cluster
presents the similar characteristic features dfitess such as contamination level (Rath et
al. 2009; Chung et al. 2011). Cluster 1 correspdridemoderately contaminated site,
where had mix inputs of industry, hospital, and dstit wastewaters. Cluster 2
corresponded to lowest contaminated sites, evesetlsdes (sites 6, 7, 8, and 9) are
located at downstream section, where many indlstaietories discharge untreated
wastewater to river. Low contamination of such ssitesulted from Thanh Liet Dam
controlling (Fig. 3.1) which may bring all sediméntNhue River because of high water
flow rate up to 45 fifs, when the dam gate opens. Cluster 3 correspormdéihest
contaminated site as result of discharge of wasgwieom West Lake (Fig. 3.1) where

was reported that there have been many unconti®liatbivities carried out.

Cluster 3 { Site 1

~ Site 8

Site 6 ——

Cluster2 < Site7 —

Site2 ——

Site9 ——

~ Site 3 ——

Cluster1 = Sited ——

Site 5

I 1 I ] | !
0 100 200 300 400 5(1)0 600 700

Linkage distance (Euclidean)

Fig. 3.4 Dendrogam showing clusters of sedimentpiag positions along the To Lich

River, Hanoi

There were strong positive correlations for somespga heavy metal in sediments; Fe-As
(r =0.99), Mn-Fe (= 0.92), Mn-As { = 0.91), Cu-Zn (= 0.89), Cr-Ni ¢ = 0.8), Ni-Zn

(r = 0.75), Cu-Pbr(= 0.72), and Cr-Znr(= 0.71). Subramanian et al. (1987) and Caliani
et al. (1997) had the same conclusion for suchspzfirmetal correlation for studies in
Ganges and Brahmaputra River India, and Huelva nfdaSpain, respectively.

Meanwhile, strong positive relationships betweenCT@ water and heavy metals in
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sediment (Table 3.5) were also found for Mn (0.#),(0.73), As (0.61) and Ni (0.60),
implying that increase TOC in water leads to inseeaoncentration of those metals in
sediment. The same phenomenon was found by Fasteti. (1998), since organic
compounds have metal binding properties (Bolt anehBenwert 1976). In terms of pair
relationships of TOC and metals in water and thatediments (Table 3.5), there were
negative relationships (increase concentrationatemleads to decrease that in sediment)
for Pb (-0.73), Cu (-0.63) and TOC (-0.59), anditpas relationship for Mn (0.70). The
same phenomenon was found for River Rhine floodplathe Netherlands (Middelkoop

et al. 2002), since discharge affects sedimentadind then heavy metal deposition.

Table 3.5. Correlation coefficients of total organarbon (TOC) in water and metals in

sediment, and of TOC and metals in sediment wigt th water of the To Lich River,

Hanoi

TOC Cr Mn Ni Cu Zn As Cd Pb
TOC in water with metals - 0.02 075 060 0.46 017 061 0.05 0.73
in sediment
TOC and metals in -0.59 0.27 0.70 -0.26 -0.63 0.35 0.20 - -0.73

sediment with that in water

3.3.1.5. Possible sources of heavy metals of sediprefile

Generally Table 3.6 and Fig. 3.5 show possiblesiof each sediment layers. For 30-
60 and 60-90 cm sediment layers, they were forrttiegsame metals in clusters and in
factors, it indicated that metals in those two taykhas the same possible sources as
discussed in Fig.3.5. While, it was much differémt 90-120 cm layer, which formed
only two factors in principal component analysier B-90 cm layers, As, Fe, Mn, and Pb
came from mix of both anthropogenic and naturafses) while Mn, Fe, Cu, and Zn in
90-120 cm layer may come from mix sources. In thst,pcorresponding to 90-120 cm
layer, Pb came most from anthropogenic source lsecaliusing Pb blended gasoline by
old types of vehicles, which may emitted much antoah Pb. In recent years,
corresponding to 0-90 cm layers the source for higtaore or less the same. This may
be because of gradual increasing of the manufacfuactivities of industrial zones as

result of economic development processes.
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Table 3.6. Statistical results of factor analysis

a. Maitrix tobefactored

Pb 90-120 1
60-90 1
30-60 1
0-30 1
cd 90-120 1 -
60-90 1 01
30-60 1 03
0-30 1 -
As 90-120 1 - 0.8
60-90 1 - 0.8
30-60 1 - 0.7
0-30 1 - 0.7
Zn 90-120 1 06 - 0.1
60-90 1 00 02 05
30-60 1 - 04 03
0-30 1 01 - 0.5
Cu 90-120 1 09 07 - 0.2
60-90 1 09 01 03 06
30-60 1 08 01 06 06
0-30 1 09 00 - 0.5
Ni 90-120 1 01 03 - 05 -
60-90 1 06 07 - 02 01
30-60 1 06 08 00 00 02
0-30 1 00 01 - 0.8 -
Fe 90-120 1 00 09 09 08 - 0.4
60-90 1 - 0.1 0.0 09 - 0.8
30-60 1 - 01 - 0.9 - 0.7
0-30 1 00 - 0.1 09 - 0.6
Mn 90-120 1 09 00 09 09 07 - 0.3
60-90 1 09 - 0.1 0.0 09 - 0.7
30-60 1 09 - 0.0 - 0.9 - 0.7
0-30 1 09 01 00 02 09 - 0.7
Cr 90-120 1 01 - 0.0 - 0.7 - 0.9
60-90 1 - 08 04 06 - - -
30-60 1 - 09 04 07 - - -
0-30 1 - - 0.2 00 - 0.1 0.0
Sediment Fe Ni Cu Zn As Cd Pb

layel
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Table 3.6 (Continued)

b. Rotated loading matrix (VARIMAX Gamma = 1.000)

Sediment layer

PC3

0-30 30-60 60-90 90-120
PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2
Cr -0.70 0.33 0.00 -0.21 0.96 -0.13 -0.35 0.83 -0.35 0.00 1.00 0
Mn 0.97 0.21 0.03 0.97 -0.14 -0.07 0.97 -0.10 -0.12 0.99 0.14 0
Fe 0.98 0.09 -0.07 0.99 -0.07 -0.08 0.98 -0.07 -0.09 0.98 0.18 0
Ni 0.07 0.08 0.97 0.06 0.98 0.05 -0.18 0.92 0.03 0.19 -0.98 0
Cu -0.10 0.97 -0.05 0.22 0.65 0.70 0.30 0.83 0.37 1.00 0.01 0
Zn 0.10 0.94 0.01 -0.09 0.86 0.49 0.19 0.93 0.22 0.99 -0.11 0
As 0.98 0.11 -0.10 0.98 -0.05 -0.07 0.98 -0.05 -0.08 0.70 0.70 0
Cd -0.19 -0.17 0.92 -0.13 -0.03 0.97 -0.15 0.11 0.94 -0.69 -0.72 0
Pb 0.59 0.67 -0.12 0.84 0.22 0.48 0.88 0.33 0.30 0.23 0.97 0
Eigenvalues 3.7 2.5 1.8 3.7 3.1 1.9 3.9 3.2 1.3 50 3.9 0
% total variance 42.2 27.8 20.4 41.4 34.8 21.6 44,1 36.2 14.7 55.5 44.4
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Sediment Cluster analysis (Dendrogram usingPrinciple

layer

component  analysis

Ward’s method) (Factor loadings plot)

0-30

10

0.5

0.0

Factor 3

05

Linkage distance (Pearson)

There were two clusters forming in Three factors were formed in 0-30
0-30 cm layer sediment. Cluster 1cm sediment layer. Factor 1
was from Pb, Mn, Fe, and As with contributed 42% variance

quite high correlation coefficients containing Mn, Fe, As, Cr, and Pb.
of metal pairs (Table 3.6). In cluster Those metals corresponded to mix
2, two sub-clusters were formed. source of both natural source for
The first one was from Ni and Cd, Mn, Fe, and As and anthropogenic
and the second one was from Cr,source for Cr (mechanical) and Pb
Cu, and Zn. The pair metal (vehicle emission). Factor 2

correlation coefficients in cluster 2 contributed 27% variance consisting
were rather weaker than that inof Cu, Zn and Pb,

those from
cluster 1 (Table 3.6).

anthropogenic source of fertilizing
and fertilizer manufacturing for Cu
and Zn and vehicle emission for Pb.
Factor 3 contributed 20% variance
including Ni and Cd from
anthropogenic source.

30-60

Factor 3

Linkage distance (Pearson)
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There were two clusters forming for Factor 1 contributed 41% of
all concerned metals in 30-60 cmvariance including 4 metals; Mn,
sediment layer. Cluster 1 wasFe, As, and Pb (Table 3.6), which
formed by As, Fe, Mn and Pb, in may originate from mix source of
which those three former metals both anthropogenic and nature.
had high correlation coefficients Factor 2 contributed 34% variance
(Table 3.6). High correlation containing Cr, Ni and Zn, and factor
coefficients were found for pairs of 3  contributed 21%  variance
Ni-Cr and Zn-Cu, those four metals containing Cu and Cd. Those five
combined with Cd to form cluster 2 metals in factor 2 and 3 mainly
in 30-60 cm sediment layer. came from anthropogenic sources
such as mechanical industrial,
fertilizer manufacturing, leathering
painting, etc.

60-90

Factor 3

Linkage distance (Pearson)

The 60-90 cm sediment layer Corresponding to the same metals in
showed the same result of clusterclusters, there were also the same
analysis as in 30-60 cm, including metals in factor analysis of 60-90
two clusters of the same metals incm and that of 30-60 cm. This
each cluster with more or less theindicated that the possible sources
same correlation coefficients for of metals of those two sediment
pair of corresponding metals (Table layers were more or less the same.
3.6) Probably, the manufacturing
activities of five industrial zones
located in inner Hanoi city were the
same at the time corresponding to
30-60 and 60-90 cm sediment layer,
probably 8-10 years ago.
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90-120

1.0

05

0.0

Factor 3

-05

10

. . ’ 0f O‘ol
Linkage distance (Pearson) ©

There were two main clusters Unlike other sediment layers, factor
formed for nine concerned metalsanalysis in 90-120 cm sediment
in 90-120 cm sediment layers. layer indicated that metals formed
Cluster 1 was formed by sevenonly two factors. Factor 1
metals, in which they formed two contributed 56% variance
sub-clusters. The first sub-cluster containing Mn, Fe, Cu and Zn,
was formed by As, Pb, and Cr with those metals may respond to the mix
quite high correlation coefficient source of both anthropogenic and
between metal pair (Table 3.6). Thenature as Mn and Fe mainly from
second sub-cluster was formed bynature and Cu and Zn mainly from
Fe, Mn, Cu, and Zn with correlation industrial like fertilizing and
coefficients of metal pair > 0.95. fertilizer manufacturing, and
Meanwhile, Ni and Cd formed mechanical industrial. Factor 2
cluster 2 separately, which had contributed 44% variance including
quite low correlation coefficient of Cr, Ni, As, Pb and Cr, which mainly
0.57. came from industrial sources such
as painting, leathering, mechanical
and vehicle emission.

Fig. 3.5 Factor loadings plot and Dendrogram dedént sediment layer

3.3.2. Surface water

3.3.2.1. Chemical properties and comparison wittewguality guidelines

The results of pH, total organic carbon (TOC), anetal concentrations in water are
shown in Table 3.7. There was not much differermeray sampling positions in term of
pH, ranging from 7.2 to 7.5. The difference becatearer for TOC, ranging from 4.3 to
10.7 with the mean of 7.7 mg*'LThe highest TOC belonged to S1, where flow rads w
quite low and high TOC seemed to be resulted framsbhold wastewater discharge.
While, the lowest TOC was at S9, which may be laitad to high water flow rate from

opening Thanh Liet Dam. TOC at other sampling jpmsst in the mid-section of the river
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was more or less equal. The concentrations of CrCN, Zn, As, Cd, and Pb at all nine
sampling positions were lower than permitted cotre¢ions for irrigation water (WHO
2006) and acute value for protecting aquatic l[IfdSEPA 2006), meanwhile
concentration of Mn at seven of nine sampling pms# except S2 and S6 exceeded
irrigation water standard (WHO 2006). Mn concemntratvas much different depending
on sampling positions, lowest concentration (831 at S2 and highest (430.6 pg)L

at S1. Again, uncontrollable activities in West kakay be responsible for such high
concentration of Mn in S1 (Fig. 3.1).

Table 3.7. pH value, concentration of TOC (mb) Bnd heavy metals (ug')in water of
the To Lich River, Hanoi

Srf‘(;grt’i'gr‘lg TOC  Cr Mn Ni  Cu Zzn As Ccd  Pb
s1 75 107 5 4306 5 4 93 517 02 7
S2 7.2 47 2 83.7 5 5 58 473 <02 8
s3 7.3 83 2 4008 5 4 40 762 <02 7
sS4 7.2 77 2 2307 8 3 3 131 <02 6
S5 7.3 88 5 2114 8 3 93 414 <02 7
S6 7.3 81 5 188.7 9 7 60 382 <02 8
s7 7.2 78 2 2009 7 4 28 281 <02 10
S8 7.2 85 3 2114 6 3 42 362 <02 8
S9 7.3 43 2 2017 13 7 52 324 <02 11
Mean 7.3 77 31 2400 7.3 44 558 405 <02 80
+SD +0.1 2.0 +£1.5 1084 2.6 1.6 235 175 +1.6
WHO'  6.5-8 100 200 200 200 2,000 100 10 5,000
USEPA - - - - 470 13 120 340 2 -

!lrrigation water standard (WHO, 2006).
% Acute value for protection of freshwater aquatie (lUSEPA 2006).

3.3.2.2. Cluster analysis and correlation coeffitse

Cluster analysis (CA) grouped nine sampling posgionto three clusters based on
similarity between sampling sites in regards ofyeaetal concentration in water (Fig.

3.6). Cluster 1, which consisted of sites 1 anoh&@inly had domestic inputs. This cluster
characterized by the highest concentration of Md As (Table 3.1), corresponded to
highest contaminated site. Cluster 2 containedsges (sites 4, 5, 6, 7, 8, and 9) from
midstream to downstream corresponded to modera@ijaminated site, where several
manufacturing plants are located. Site 2 alone éofroluster 3 corresponded to lowest

contaminated site.
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The dissimilarity in clustering metal contaminatdefrees between sediment and water
was observed for sites 3, 6, 7, 8, and 9 (Fig. & Fig. 3.6). This indicated the
complexity of contamination in sediment and watnce many factors affect metal
concentration in water and metal accumulation girent such as the proximity of river
contamination, river activity (flow rate) and thetensity of geomorphic activity of the
river basin (Martin 2000).

Cluster 3 { Site 2

~ Site5 ——

Site 6

Cluster 2 = Site 9

Site 8

. Site?7
~ Site 4

Cluster1 -  Site 3 —

L Sitel —

I T I I ]
0 50 100 150 200 250

Linkage distance (Euclidean)

Fig. 3.6 Dendrogam showing clusters of water samgppositions along the To Lich
River, Hanoi

There were no inter-element correlations in warcept pair of Zn-Crr(= 0.66). While,
positive linear of inter-element relationship wasarid for Cu, Pb, Zn, Cr, Ni, As, and Cd
(Subramanian et al. 1987; Caliani, et al. 1997;tiBas 1999). The heavy metals
discharged to water body in such studies were mdstim natural sources (e.g.
precipitation, parent material decomposition) withar little industrial wastewater,
which is different from the present study areasThay be concluded that manufacturing
plants discharge various heavy metals to the Th River, which were not proportional
each other.

3.3.3. Accumulation coefficient

Accumulation coefficients (Dojlido and Taboryska919 were calculated as quotient of
the heavy metal concentrations in sediment and thatvater. The accumulation
coefficient in the To Lich River (Table 3.8) rangédm 2,609 (Mn) to 57,328 (Cr),
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following the order of Cr > Cu > Ni > Zn > Pb > AsMn. This may imply the long
accumulation history of heavy metal in this river.

Table 3.8. Accumulation coefficients of heavy meialthe To Lich River, Hanoi

Cr Mn Ni Cu Zn As Cd Pb

Mean in water 0.003 0.240 0.007 0.004 0.056 0.041 na 0.008
(mg L)

Mean in sediment 171.985 625.649 79.435 108.366 598.129 127.916 8.048 83.461
(mg kg")

Accumulation 57,328.4 2,606.9 11,347.9 27,091.6 10,680.9 3,119.9 - 10,432.6
coefficient

Accumulation coefficient equals ratio of mean camrcation in sediment to that in water.
na data not available.

Accumulation coefficients of Cr, Cu, Zn, and Plpresent study were much higher than
that in Wloclawek reservoir (Dojlido and Taborysk@91), even concentrations of those
metals in water were much lower and water flow veds higher than that of the reservoir.
This again indicated that accumulation of heavyait sediment is affected by many
factors, beside metal concentration in water aow flate, such as how they can associate
with others and re-suspend to release to water(Martin 2000).

3.4.CONCLUSIONS

In the present study, water and sediment analyasscarried out for assessment of heavy
metal pollution in To Lich River (TLR), inner Hanaity. The results indicated that
concentrations of most heavy metals in water, exé&m, were lower than irrigation
water limit and acute value for protecting aqudifie. Geochemical analysis showed
significant heavy metal concentration in sedimestggesting the anthropogenic impacts
on TLR. The Geo-accumulation index and Enrichmetdr of Pb, Zn, As, and Cd
showed that a considerable number of sediment ssmpére at moderate to extreme
pollution, whereas Mn and Fe were generally witthi@ background levels. Heavy metal
concentration of TLR is at the middle level in carnpon with the findings from other
rivers around the world. With respect to sedimarglidy guidelines, sediments at all sites
exceeded maximum permissible concentrations ofrpiatly toxic heavy metal for crops
and were considered to be harmful for aquatic lecording to mean probable effect
concentration quotients, sediments of sites 1,,4ar6l 8 are predicted to be toxic to
sediment-dwelling organisms. Cluster analysis ssggethat the sediment from TLR can
be significantly distinguished into three groups terms of contamination degrees.
Accumulation ability of heavy metals in sedimentvita order of Cr > Cu > Ni > Zn > Pb
> As > Mn based on accumulation coefficient.
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CHAPTER 4. DOES EMBANKMENT IMPROVE QUALITY OF A RIVER? A
CASE STUDY IN TO LICH RIVER INNER CITY HANOI, WITH SPECIAL
REFERENCE TO HEAVY METALS

Has been published rournal of Environmental Protectior2013, Vol. 4, No. 4, pp. 361-
370.

ABSTRACT

To Lich River (TLR) system receives wastewateranfra population of nearly two
million people and 100 manufactories of five indiadtzones in inner city Hanoi,
Vietham. To improve quality of TLR, the embankmewas carried out in 1998 and
finished in 2002, resulted in width of 20 - 45 nepth of 2 - 4 m, and maximum water
flow capacity of 30 rfs. Water and sediment quality indices based orvyheaetal
concentrations were used to evaluate current gmgironment compared to that of pre-
embankment. Mass balance model was employed toastitotal metal loads for specific
river reaches, which corresponds to various tydewastewater discharged along the
river. The results indicated that currently theralout 284,000 frsediment accumulated
in TLR bed, which is under high contamination of ®in, Fe, Ni Cu, Zn, As, Cd, and Pb
with a total of 7,347 tons of all concerned met&#demestic-discharged river reaches
received much lower metal loads, roughly 8-28% cara@ to river reaches of both
domestic and industrial inputs. Total load of alenconcerned metals at the end of TLR
is 161.7 kg/day, which is finally discharged to MHhRiver at South Hanoi. Water quality
was improved much right after finishing embankmehen it gradually deteriorated.
Meanwhile, sediment quality became even much waftee embankment. Relative river
quality index as equal weight for both water andireent quality indices indicated that
quality of TLR was not much improved after the embaent. It even became worse due

to the urbanization in recent years.

Keywords: Industrial discharge, Mass balance, Metal loadeRguality index, Sediment

accumulation.
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4.1.INTRODUCTION

The economic, social, and environmental importanfewater resource cannot be
overstated. Water is a vital resource for healiing conditions and sound ecosystems.
Among the relevant issues that can be analyzed&rvgaiality is quite significant (Schiff
and Winters 2002). Water body of polluted riverspexially in densely populated cities,
is usually blamed as a critical source of waterbadiseases and others. It is estimated
that approximately one-quarter of the global dieglagrden and more than one-third of
the burden among children are due to modifiableireninental factors (Saracci and
Vineis 2007; Pruss-Ustun and Corvalan 2007, 20d@}erials, which are widely used in
industries for their physical qualities, have pmbvearcinogenic, mutagenic and/or
teratogenic in human (Rothman and Greenland 1908erS1991). Those materials are
much responsible for reduce of environmental gualécosystem degradation, etc.
Residual of those materials from industries, if aged improperly, is finally discharged

to environment especially water bodies and accuradla sediment.

Water bodies in a city are usually serving as disging wastewaters. The health of a
river is much depending on quality of dischargedensto its body. In being urbanized
cities of developing countries, wastewater treatmemot much taken care leading to
over pollution of water bodies. Pollution is fataled in several respects in urban basins.
First, un- and/or partially treated wastewater frowth industry and municipality is
discharged directly. Second, construction generatesimber of pollutants that easily
adsorb or dissolve in runoff. Third, high backgrdyollution loads often accumulate in
urban areas between rainy events, mostly from tstraic deterioration and improper
disposals of solid waste of industry and municiyaliand others. Many of those
pollutants easily adsorb to particles suspendedimoff from construction sites as well
(Schueler 1987). The pollution loads often adversdlect water and sediment quality,
and biological communities (Crawford and Lenat 1,948son 1981).

Sedimentation is a natural process and represeritidamental part of ecosystem
functioning that is essential to the health of mvand water bodies (Guy 1972). Many
human activities such as manufacturing, constrogcticansportation as a manner of
moving dirty, dramatically increase the rate ofsgva, resulting in larger than normal
sediment deposits in inner city rivers with variasganic and heavy metal contaminants.
Sediment loads from construction can be 10 - 2@dirgreater than cultivated lands

(Owen 1975), and its delivery ratios of 0.5 - 1r@ aften reported for urban basins
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(Simmons 1987, Novotny and Chesters 1989). Thodensat loads often exceed the
natural assimilative and equilibrating capacitidstiee receiving water systems. The
contaminants of most concern are metals, polyationigtdrocarbons, polychlorinated
biphenyls, and mineral oil. Therefore, disposalpofluted dredged sediments on land
may lead to certain risks. Dredging is necessailndcease water flow rate, but also for
remediation, whereas the risk for the environmek laealth might be high. Meanwhile,
dredging of contaminated sediments faces problertreattment and disposal of these
contaminated sediments (Bortone et al. 2004). Q@tlyre contaminated dredged
sediments are often not valorisable due to theh ldontent in contaminants and their
consequent hazardous properties. Organics candveyed in place, whereas metals are
immutable and relatively immobile. In additionidtgenerally admitted that treatment and
reuse of heavily contaminated dredged sediment®isa cost-effective alternative to

confined disposal.

This study aims at (1) evaluating contaminatioreledf sediment and water, and quality
of To Lich River (TLR) after 9 years embankment) E&timating total load of total

organic carbon and heavy metals entered and acateduin sediment in specific river
reaches corresponding to its wastewater sourceks(3nestimating daily discharge of

total organic carbon and heavy metals at the effd_Bf
4.2.MATERIALS AND METHODS
4.2.1. Sudy site

There are four main rivers forming To Lich RiverLH) system, which receives
wastewaters from inner city of Hanoi and coversisibarea of 77.5 kniNguyen 2005).
To Lich is the biggest river receiving wastewateosn western part of Hanoi, while Kim
Nguu, Set and Lu are three smaller ones receiviagie@waters from eastern part before
discharging to TLR in downstream (Fig. 4.1). TLRgarates from West Lake in North
Hanoi, receiving mainly domestic wastewater in tgen and mix of domestic and
industrial wastewater in downstream before joinNitgue River in South Hanoi through
Thanh Liet Dam (Fig. 4.1). The construction of emraent was completed in 2002,
covering most of river reaches. The un-embankedreg® reach, which has a narrow
width of 1 - 4 m, is subjected to convert into aseld sewer. Currently, the embanked
river reaches have a width of 20 - 45 m and deptB e 4 m, and a maximum flow
capacity of 30 rifs. There are 239 point sources, including botte @ipd box culverts

along TLR (Nguyen 2005). Non-point sources are alslable, such as illegal dumping
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practices and urban storm water runoff. In dry seasvater released from West Lake is
limited because of low water level. The input fldlaen is mainly wastewaters from

households and industry with high contaminants (REN2009).

There are five industrial zones located in TLR egstbasin, in which no suitable
wastewater treatment systems are available (Ng298b). Thuong Dinh industrial zone
consists of 30 manufacturing plants, which havenbeiectly discharging un- and/or
partially treated wastewater to downstream reachLd&X. Those plants include: fourteen
of mechanical industry, four of textile industriiree of leather industry, two of chemical
industry (rubber and soap), two of ceramic indysinge of tobacco industry, one of paper
industry, and three others. Other four industr@ies, including 69 plants of all types of
industries, discharge wastewaters to Lu, Set, and Mguu rivers, before entering TLR

in downstream (Fig. 4.1).

Thanh Liet Dam was built at 0.5 km from downstre@ancontrol water flow direction of
TLR (Fig. 4.1). The dam is closed when water leMeTLR is lower than that of Nhue
River and/or water of TLR is too polluted, whichyraffect the agricultural production at
downstream of Nhue River. In such case, water to¥en So Lake through downstream
reach of Kim Nguu River and then it is pumped tal Reer.

4.2.2. Sample collection

Surface water and sediment of 0-30, 30-60, 60-80,90-120 cm depths were collected
at five sites along the river (Fig. 4.1). The fiestd second sampling sites were located in
embanked river reach, receiving most domestic aospital wastewater. The third
sampling site was located right before discharg@taiong Dinh industrial zone. The
fourth and fifth sampling sites were located inambanked river reach, after confluence
with Lu and Kim Nguu rivers, respectively. All salep were collected in dry season in
March 4-5, 2011 (no rainy days).

Water samples were collected in pre-cleaned popypeme bottles and preserved &4
in refrigerator until analysis. For heavy metaledgtination, the water samples were
acidified with conc. HN@to pH < 2. The pH of water was measured in-sitingis
portable pH meter. Meanwhile, sediment samples waken from river bed using a self-

made sediment sampler and placed into polyethydettées.
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Fig. 4.1 Map of study area showing sampling sites
4.2.3. Chemical analysis

Total organic carbon (TOC) contents in water ardisent were analyzed using a TOC
analyzer (TOC-5000A, Shimadzu). For heavy metalysig| sediment samples were air-
dried at room temperature and passed through 1 tmimess steel sieve to remove big
particles. Then the samples were heated in an ae@FC until constant weight,
powdered and homogenized. For microwave-assistetdagestion procedure, roughly
50 mg dry homogenized sediment was weighed intessel and successively digested
with 10 mL of conc. HN@ in a microwave digestion system (USEPA 200Xijter
cooling, the digest was transferred into a plagitimetric flask and adjusted to 50 mL
volume with Mili-Q water. The sample was finallytéred through a membrane filter

(0.45um pore size). Concentrations of heavy metals (Gr, &, Ni, Cu, Zn, As, Cd, and
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Pb) in water and acid-digested sediment samples determined usingn inductively

coupled plasma-mass spectrometry (ICP-MS).

Standard operating procedures, calibration withddads, and analysis of reagent blanks,
and analysis of replicates were used to guarahteguality of analytical data. Analysis

for all samples was carried out in triplicate td tye mean as final data.
4.2.4. General characteristics of river

Water flow rate (Q; rfis) at each sampling site was calculate@ asV * A,,, where V is
water velocity (m/s) and fis cross-section of water body {mV was measured using
FP101-FP201 Global Flow Probe. At each samplirg #iiree positions across the river
(one in the center, one in each site with distaofc& m from river banks) were measured
for V to get average value. Tape was used to meagigith of water surface across river,
while height stick was used for water and sedingepths (Fig. 4.2). The sediment depth
at each sampling site was just the depth of deeggeinent layer collected (Table 4.1).
Slope of river bank was measured at each sampliegirs degree to identify cross-

sectional area of water and sediment bodies (FR). 4

Area of water cross-section (An n) at each sampling site was calculated as following

equation:

A, =((W-2WD*tan(S))+W) * WD/2
=(2W-2WD*tan(S))*WD/2
=(W-WD*tan(S))*WD

=W*WD-WD ?*tan(S) (4.1)

where, W is width of water surface in meter, WDwmater depth in meter, S is slope of

river bank in degree.

Area of sediment cross-sections{A n) at each sampling site was calculated following
Eq. 4. 2.

A={((W-2WD*tan(S))-2SD*n(S))+(W-2WD*tan(S))*SD/2

={W-2WD*tan(S)-SD*tan(S)}*SD
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={W-tan(S)*(2WD+SD)}*SD
=SD*W-tan(S)*(2WD*SD+SD?) (4.2)

where SD is sediment depth in meter.

\, Width of water surface (W) \/

Water depth Slope (S
WD )
( ) Current river bed

Sediment
depth (SD) I\

River bed at embanked time
Fig. 4.2 Vertical cross section of To Lich River
4.2.5. Loading of heavy metals

Chemical mass balance model was introduced by Dam@nShaarawi (1989) to estimate

chemical load in a river reach following Eq. 4. 3.

QUCrQC=) L (43)
i=1

where, Qg and Q, are downstream and upstream flowg,and C, are downstream and
upstream concentrations, ajfl, L; is sum of all individual loadings to river readh.
fact, river contaminants undergo significant vdizdition and/or degradation, therefore to

improve the accuracy Eqg. 4. 3 was modified by dte. €2007) as

n
QuCa — QuCue™ = ) L, (4.4)
i=1

where, k is coefficient of attenuation rate (dgyt is travel time (day)Q,C; is total load

in downstream and/or at the end of river reach.
4.2.6. River quality index

Water quality index has been widely used to evaltia quality/pollution levels of rivers
(Liou et al. 2004; Parparov et al. 2006; Bordaloakt2006; Banerjee and Srivastava
2009). In this study, we extend this knowledge valeate both water and sediment

quality as a base for river quality assessmenbrtier to evaluate the improvement of
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river, a water quality index (WQI) and a sedimentlgy index (SQI) were developed
based on seven parameters modeled (Cr, Mn, NiZ&uAs and Pb for water, and Cr, Ni,
Cu, Zn and Pb for sediment).

The WQI and SQI were derived as the following masne

Concentration in watgg, Jear A

Inde = ——
Xvatetnera) ~ Concentration in WatGEta) i, ear &

7
WQI = (Zlnolexmt%al )7
i=1

where, Inde¥ae;. cta is quality index of metal i in water, Concentratio watefe,y inyear A

is concentration in water of metal i in year A, @adhcentration in WatREta)  year is

concentration in water of metal i in year B (A > B)

Concentration in sedimegt, inyear A

IndeXsegi = —— .
Medimente ~ Concentration in sedimeRta) e &

5
SQI = () INdeXeimeny )5
i=1

where, Indeggdime%etal is quality index of metal i in sediment,
Concentration in Sedim%a;myeam and  Concentration in sedimg,@ga,myeam are

concentrations in sediment of metal i in year A Bndespectively (A > B).

Subsequently, a simple relative river quality ing@®QI) was derived giving equal weight
for both WQI and SQI:

RQI = (WQI + SQI)/2

where, WQI, SQI, and/or RQI equals 1 there is nproxement for water, sediment
and/or river, while it is improved if the valuesas 1, and becomes worse if the values

are > 1.
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4.3.RESULTS
4.3.1. General characteristics of To Lich River

The water velocity gradually increases from up tovdstream as 0.015 m/s at S1 to
0.039 at S2, 0.049 at S3, 0.117 at S4, and 0.131amm$5 before discharging to Nhue
River (Table 4.1). Corresponding to water velodsy water flow rate, which also
increases toward downstream as result of variossemater inputs along TLR (Table 4.1,
Fig. 4.3a). The flow rate at S5 right after confloe with Kim Nguu River was 6.68%s,
nearly doubled that (3.53%s) at S4 located after confluence with Lu RiveheTsame
pattern was found between S3 and S4. Those inditlagehigh water flow rate from both
Lu and Kim Nguu to TLR.

Table 4.1. General characteristics of specificmea®f To Lich River

Sampling site S1 2 S3 A S5
Distance from upstream (km) 3.1 5.1 9.1 13.8 15.5
Water depth (m) 0.75 0.84 0.98 1.05 1.34
Area of water cross section fn 11.91 1450 23.83 30.25 50.97
Water velocity (m/s) 0.015 0.039 0.049 0.117 0.131
Flow rate (n¥/s)! 0.18 0.57 1.16 3.53 6.68
Total travel time in a specific reach (d4ys) 0.85 1.05 0.66 0.18
Sediment depth (m) 1.2 1.2 1.2 0.9 0.6
Area of sediment cross section¥m 16.16  18.00 26.57 23.60 21.03

Mean sediment cross sectional ared) for a
specific reach

Total sediment volume in a specific reactYm 34,161 89,139 117,888 42,395

Average sediment density in a specific reach
(kg/n)®

Estimated cost required for treating sediment
(average co8of 36 USD/m)

17.08 22.29 25.08 2231

1,053 1,195 1,242 1,357

1,229,784 3,209,020 4,243,957 1,526,227

'equals to water velocity multiplying area of watenss section.

Zequals to ratio of length (m) to mean of water uigjo(m/s) at first and last points of a
specific river reach.

®equals to mean of first and last sediment crososet area of a specific river reach.
*equals to length of river reach multiplying meadisent cross section.

®testing dry weight of known volume of sediment.

® composite unit costs extrapolated from case stuiiedJSA range from a low of
approximately 36 USD/fto over 600 USD/f(Myers 2005).

Since velocity increases toward downstream, tréwed of water decreases which takes
0.43 day/km between S1-S2, 0.26, 0.14 and 0.0%uapetween S2-S3, S3-S4 and S4-
S5 river reaches, respectively. As a consequerdanent also become shallower toward
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downstream; 1.2 m depth at S1, S2 and S3, 0.9%4,a4nd only 0.6 m at S5 (Table 4.1,
Fig. 4.3b). Based on cross-sectional area of sedib@ly and length of each river reach,
total sediment accumulated in river bed was eséthatowest amount of sediment of
34,161 mi was observed at reach between S1-S2, then 42@9f&én S4-S5, 89,139

between S2-S3, and the highest of 117,888between S3-S4. Meanwhile, sediment

density increases gradually to downstream (Taldlg 4.
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Figure 4.3 River characteristics
4.3.2. Sediment quality

High variation of total organic carbon (TOC) andatwe metal concentrations among
sampling sites was found (Table 4.2). TOC contamied between 11 at S4 and 60 g/kg
at S3. Meanwhile, Cr ranged from 90 at S4 to 22%magt S2; Mn ranged from 392 at
S1to 610 at S2; Fe ranged from 13,139 at S1 #422at S4; Ni ranged from 51 at S2 to
98 at S3; Cu ranged from 57 at S4 to 146 at S2ahged from 255 at S4 to 783 at S3;
As ranged from 16 at S4 to 28 at S3; Cd ranged ftdivat S1 to 35 at S3; and Pb ranged
from 58 at S4 to 92 mg/kg at S3. Comparing amongvyiemetals, the average
concentrations in sediment increased followingdhger of Cd <As <Ni <Pb< Cu < Cr
<Mn<Zn < Fe (Table 4.2).

Concentrations of Zn and Cd far exceeded the maxirparmissible concentrations of
potentially toxic heavy metal for crops after apgtion of sewage sludg&teve 1994).
Comparing to Vietnamese standard, contents of mmsterned heavy metals exceeded

the allowable limit for both agricultural and indiial soils (Table 4.2).
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Table 4.2. Meahconcentration (+SD) of total organic carbon (TQfkg) and heavy

metals (mg/kg) in sediment at specific samplingssélong To Lich River

Samplingsite  TOC Cr Mn Fe Ni Cu Zn As Cd Pb
s1 483 229.0 392.0 13,1395 51.4 1036 5134 216 10 759
+7.1 $753 #57.6 +3,142.7 6.7 +18.0 2734 42 202 157
S2 335 1447 6109 21,7183 774 146.8 7706 247 2.3  90.4
+3.0 1361 024 48202 121 $12.0 826 3.9 0.3 2100
S3 60.8 128.4 4385 16,783.3 984 1397 7831 289 353 923
+153 $36.3 +121.9 $5308.0 +17.5 150.6 301.8 =135 47.0 27.1
S4 117 90.1 572.0 224428 687 578 2552 167 40 587
+7.6 244 535 12,3734 217 +21.8 #1375 4.0 4.9 $14.2
S5 195 1327 5388 215853 702 741 4125 237 132 63.0
+3.5 $34.6 1504 3845 $10.3 $11.0 +786 45 +1.9 8.0
Mean 347 1450 5104 19,1338 73.2 1044 547.0 231 112 761
$20.2 4512 +92.0 #4,034.1 +17.0 #39.2 #2292 #45 +143 153
585“55’"”9 in - 5702 - - 740 3332 3908 - 9.6 3753
fgg“;"”g in - 5801 - - 149 1587 1927 352 - 1390
QCVN 03:
o ngalture - - - - s 20 12 2 T
soil*
QCVN 03:
féﬁiﬁ:ﬂ:ﬁ - - - - 100 300 12 10 300
soil*
MCC? - 400 - - 110 200 450 - 3 300

' mean of all sediment layers in each sampling sitd OC and specific heavy metal.

?cited from Nguyen et al. (2010).

3cited from HSDC (1997).

*QCVN 03: 2008/BTNMT - Vietnamese technical regulatbn the allowable limits of heavy
metals in soils.

> Maximum permissible concentrations of potentialgkit heavy metal for crops after
application of sewage sludge (Steve 1994).

There were huge amounts of TOC and heavy metahadeted in sediment in specific
river reaches (Table 4.3). The highest amount lggldrio TOC with a total of 12,745
tons in whole river sediment, followed by Fe of %58Zn of 201, Mn of 179, Cr of 43,
Cu of 38, Pb and Ni of 27 tons each, As of 8, adb{5.4 tons.
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Table 4.3. Total load of total organic carbon (TC&€)d heavy metal in sediment in
specific reaches of To Lich River

River reach  Unit TOC Cr Mn Fe Ni Cu Zn As Cd Pb
S1.52 E?;i') 14703 67 180 6269 23 45 231 08 0.1 30
kg/n? 43.041 0197 0528 18353 0.068 0.132 0.676 0.024 0.002 0.088
$2-53 Effr’]") 50198 145 559 20506 94 153 828 2920 97
kg/n? 56.314 0.163 0.627 23.005 0.105 0171 0.928 0.032 0.022 0.109
$3-54 E?;i') 53015 160 740 28717 122 145 760 3329 110
kg/n? 44971 0136 0.628 24359 0.104 0.123 0.645 0.028 0.024 0.094
S4-55 g’;i') 8965 64 320 1,2665 40 38 192 12 0535
kg/n? 21147 0151 0754 29.873 0.094 0089 0453 0.027 0.012 0.083

Grand total ton 12,688.2 43.7 179.9 6,815.7 27.938.0 2011 8.2 54 273

Concentration of TOC and heavy metal as mean ofagérs (Table 4.2) at first and last
points of specific river reach was used for calttaia Load of TOC and heavy metal equals
to mean concentration multiplying total sedimentoant corresponding to its density in a
specific river reach (Table 4.1).

4.3.3. Water quality

There was not much variation in pH, ranging aroun27.3 among sampling sites.
Meanwhile, high variation was observed for totajastic carbon (TOC; Table 4.4), the
highest value found in S2 of 8.3 mg/L nearly dodblthat in S1 (4.7 mg/L).

Concentrations of Cr, Ni, Cu, and Pb were lowenti@ pg/L and not much different
among all sampling sites. Meanwhile, that of Zn, &sd Mn were much higher, ranging
from 36 to 60, 13-76, and 83-400 ug/L, respectivElycept Mn, all other heavy metals

were still under recommended levels for irrigatwater (Table 4.4).

78



Table 4.4. pH value, concentration of total orgaradbon (TOC; mg/L) and heavy metals

(ug/L) in water at specific sampling sites in TahiRiver

Sampling site pH TOC Cr Mn Ni Cu Zn As Cd Pb

s1 72 47 2 837 5 5 58 473 <028

s2 73 83 2 4008 5 4 40 762 <027

s3 72 77 2 2307 8 3 3 131 <026

sS4 73 81 5 187 9 7 60 382 <028

S5 72 78 2 2009 7 4 28 281 <0210

Veanssp (24 732 260 22096 680 460 44.40 4058 7.80

- £0.05 +1.48 +1.34 #114.80 +1.79 +1.52 +14.03 +23.61 +1.48

sampling in 73 212 84 1140 60 46 316 56 - 19
2005
sampling in . - 130 2200 40 200 20000 660 -  160.0
1997
TCVNS942- 559 . 1000 800 1,000 1,000 2000 100 20 100
1995 B
Imgation water  ggg . 100 200 200 200 2000 100 10 5,000
guidelined
Freshwatet - - 1.0 8.0 0.5 30 150 05 - 3.0

! cited from Kikuchi et al. (2009).

%cited from HSDC (1997).

3 Surface water quality standard in Vietnam usedttier purpose other than domestic water
supply including irrigation water.

*WHO (2006).

®>Median values of freshwater in the world (Bowen 997

Using heavy metal and organic carbon concentrat@nsampling sites to apply mass
balance model (Equation 4), total loads of TOC hedvy metal generated to each river
reach and at the end of To Lich River (TLR) befdischarging to Nhue River were
estimated (Table 4.5, Fig. 4.4). High variationledds of TOC and heavy metal was
found among river reaches; ranging from 338 to @ Kgday for TOC, 0.07-1.35 for Cr,
3.25-58.51 for Mn, 0.18-2.04 for Ni, 0.14-1.88 fou, 1.25-15.19 for Zn, 3.16-10.49 for
As, and from 0.24 to 3.42 kg/day for Pb. In genetgér reaches of S1-S2 and S2-S3 in
upstream, where received mostly domestic wastewatsd lower loads of all heavy
metals and TOC compared to that of S3-S4 and S4+&5reaches in downstream (Table
4.5), which received various types of wastewat&CTdischarged from TLR to Nhue
River reached 4,504 kg/day (Table 4.6), while tfdieavy metals was much lower; 1.15
kg/day for Cr, 2.31 for Cu, 4.04 for Ni, 5.77 fob,PL6.17 for Zn, 16.22 for As, and up to
116 kg/day for Mn.
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Table 4.5. Total heavy metal and organic carbonG@)Y@ischarged to specific reaches of
To Lich River (kg/day)

Attenuation rate" River reach
Sl- -3 3-HA A H

TOC 0 338 360 1,697 2,036
Cr 0.19 0.07 0.12 1.35 -
Mn 0 18.55 3.25 34.40 58.51
Ni 0.21 0.18 0.60 2.04 1.40
Cu 0.25 0.14 0.15 1.88 0.27
Zn 0.24 1.25 2.07 15.19 -
As 0.21 3.16 - 10.49 5.01
Pb 0.19 0.24 0.32 1.91 3.42

! cited from Ambrose et al. (1991), there are nonaidéion rates for TOC and Mn available,
the value of zero was used for estimation. Estichatdues of Cr and Zn in S4-S5 river reach
and of As in S2-S3 river reach were negative, these excluded.
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Figure 4.4 Heavy metal and total organic carbon@J@ischarged to specific reaches
(kg/day)
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Based on estimated data of population, water supgiycapita, and water use in industry
in TLR system basin, discharge of TOC and heavyatadtom To Lich to Nhue River
was estimated (Table 4.6). Wastewaters volume ase@ year by year, from 450,922
m%day in 2005 to 577,399 Hday in 2011 and may up to 718,753/ day in 2020. This
was accompanied by the increase in heavy metatiedtbéo Nhue River; Mn of 51.41
kg/day in 2005 to 116 in 2011 and to 144.4 kg/dag020, As of 2.53 kg/day in 2005 to
16.22 in 2011 and to 20.20 kg/day in 2020, andrdibavy metals (Table 4.6).

Table 4.6. Total lodddf total organic carbon (TOC) and heavy metal aténd of To
Lich River before discharging to Nhue River by yéag/day)

Year TOC Cr Mn Ni Cu Zn As Pb Water discharge (m%day)?

2005 9,560 3.79 51.41 271 2.07 14.2353 0.86 450,922
20117 4,504 1.15 116.004.04 231 16.1716.22 5.77 577,399
2020 5,606 1.44 144.405.03 2.88 20.1320.20 7.19 718,750

tequals to @Cq4 (Qy and G are downstream discharge and concentration, rexggigy.
Zat the end of To Lich River.

3discharge data is citied from Nguyen (2005), wiik@C and heavy metal concentrations are
cited from Kikuchi et al. (2009).

*from this study.

®assuming that TOC and heavy metal concentratioasttar same as in this study, while
discharge is based on the data of population changechange of freshwater supply per
capita in TLR system basin (Nguyen 2005).

4.3.4. River quality

Table 4.7 shows values of water and sediment guialitices of To Lich River (TLR).
The embankment of TLR started in 1998 and finisihed2002. To understand the
efficiency of embankment on river quality, concatitns of heavy metal in water and
sediment in 1997 and in 2005 were used to compdretiat in the present study. Water
quality was much improved in 2005 and in 2011 compdo pre-embankment as water
quality index of pair of 2005-1997 was 0.43 and #hia2011-1997 was 0.55. However,
quality of water in 2011 became worse than tha20A5. Conversely, sediment quality
became worse after embankment indicated by indeX 58§ between 2005-1997 and of
1.84 between 2011-1997. Sediment quality in 2014 mvach improved compared to that
in 2005, representing by index of 0.63. Combiningtev and sediment quality indices
indicated that river quality was not improved; viea became more polluted as values of

river quality index were higher than 1 for all ga@f year comparison (Table 4.7).
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Table 4.7. Water, sediment, and river quality iediof To Lich River

Pair of comparison Water quality index Sediment quality index River quality index

(year-year)

2011-200% 2.45 0.63 1.54
2005-1997 0.43 2.55 1.49
2011-1997 0.55 1.84 1.19

Heavy metal concentration datg#rom this study/cited from Kikuchi et al. (2009Y,cited
from HSDC (1997).

4.4.DISCUSSION

It is clear that water of To Lich River (TLR) shdube treated prior to use on crops as the
Mn concentration exceeded recommended level fagaition (Table 4.4). Since
wastewaters discharged to river reaches betweean81S3 were mostly of domestic
origin, total load of total organic carbon (TOC)daneavy metal were much lower than
that in downstream reaches between S3 and S5 (¥ab)e This may suggest the
responsibility of industry for heavy metal dischesgather than of domestic practices.
Higher loads of Cr, Ni, Cu, Zn, and As in river chabetween S3-S4 compared to that
between S4-S5 (Table 4.5) indicated that industitihim catchment of Lu River, which
joints TLR before sampling site S4, may generatghdéi amount of those metals
compared to that in Kim Nguu River catchment (Ei)4Load of Cr and Zn in S4-S5
and of As in S2-S3 river reaches were negative l€T4lb), which must be alwayszero.
This may be due to the attenuation rates of thidyssite are not available, then they were
cited from Ambrose et al. (1991), who indicatedsdised and absorbed capacity of
heavy metal as a function of suspended solid cdrat@ns in streams around the world.
It may suggests that attenuation rate of heavy Imetd LR should be higher as result of

low velocity, higher concentration in water, andess.

Taking into account of TOC, which nearly upped 16 tbns/day (Table 4.6) discharged
to Nhue River and of nutrient contents in waterr{fiy 2003), if wastewater is treated
properly and reused in agriculture, it may sustaater supply, reduce input costs, and
increase crop’s productivity and farm income (Rejgsbhan 2004). An integrated cost-
benefit analysis of wastewater reuse should be wxgd, after implementation of an
adequate wastewater treatment system for TLR basiich is now under consideration.
Currently, agricultural products irrigated using R'lLwater have been ostracized by

consumers because of water contamination.
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Sediment of TLR cannot be directly used for anyppses neither agriculture (Steve
1994) nor industry (QCVN 03: 2008/BTNMT; Table 4.%) must be treated following
suitable guidelines for specific purpose, eventtneat and reuse of heavily contaminated
dredged sediments is not a cost-effective alteradip confined disposal (Bert et al.
2009), which becomes secondary source of contaimimatreatment technologies and
experiences have never been put into considerdrasediment of TLR system in Hanoi,
or even in the world for heavy metal contaminatedirsent in general (Peng et al. 2009).
This may be the barriers for environmental improgatmof TLR. There was a total of
284,000 m of sediment in TLR (Table 4.1), which containegthtoncentration of heavy
metals (Table 4.2). Depending on required qualitysediment after treatment, the
technologies (Foerstner and Apitz 2007) may beerbfit leading to differences in
treatment cost, ranging from 36 to 600 USBi@msed on composite unit cost estimation
in USA (Myers 2005). Total cost estimated for tiegsediment in TLR ranges from 10.2
to 170 million USD, which excludes costs for dredgitransportation, monitoring, and
management of residuals. One again, after tre&ters iused for agriculture much benefit
will come to farmers because of high nutrient anghoic carbon content in sediment.
Embankment of TLR finished in 2002 (Nguyen 2003),equalizing sedimentation
deposit annually there was 30,000 of sediment accumulated in TLR bed, it may

require annual cost of 1.2-19 million USD for sedithtreatment.

Accumulation of Fe, Mn, Ni, Pb, As, and Cd in seeirth was lowest in river reach
between S1 and S2 (Table 4.3), where dischargenveassly from domestic origin (Fig.
4.1). Meanwhile, levels of Cr, Cu, Zn, and TOC v@sest in downstream river reach
between S4 and S5, this may result from higher fiate of nearly 10 times of
downstream compared to upstream (Table 4.1). Tdieekt accumulations of Mn and As
were also found in downstream river reach (S4-SH|d 4.3), even their concentrations
in water were not higher than other river reachiesble 4.4). This is explained by the
higher density of sediment of S4-S5 river reach garad to others in upstream (Table
4.1) and/or those metals prefer to bind with heagiespended particles. In general,
sediment density increases toward downstream asudt of higher flow rate, which may
bring higher amount of lightly suspended particles.addition, sediment in further
downstream becomes more compact which restricsuspended process to release

heavy metals to water.

Discharge of heavy metals and TOC to Nhue Rivéneend of TLR in 2011 (Table 4.6)
may be underestimate since it was based on watehatige of only 2 investigated days
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of March 4 and 5 in dry season in 2011, when tlexe no rain. The fact is that dirty on
land surface of TLR system basin may contain mugarmc carbon and heavy metals as
result of transportation, municipal and industgalid waste disposals, which all will be
discharged to TLR on rainy days. The same casepriojected data in 2020, since
concentration of heavy metals and TOC in waterpaeglicted to be the same values in
2011 and uncertainty of population in 2020. Cullseribere is no clear plan on building
wastewater treatment plants for whole TLR systesirhavhich may lead to more serious

water pollution in near future.

Water quality index (WQI) showed that quality of tela was much improved after
embankment (Table 4.7) as result of reducing stagmalue to improving flow rate.
Because of no suitable wastewater treatment, mammagement strategy and/or elevated
discharge of heavy metals to wastewaters from uzbton, water quality has been
becoming worse indicated by increase of WQI to bd&veen 2011 and 2005 (Table 4.7).
Conversely, it was observed for quality of sedimeé&ediment became more polluted
after embankment, indicated by sediment qualitgx(5Ql) of 2.55 and 1.84 for pairs of
2005-1997 and 2011-1997, respectively. The fathas sediment was almost removed
from river bed as preparation for embankment aetisj the new layers of sediment were
accumulated afterward. Since 2002 after compleéindbankment, population growth,
rapid urbanization, and speed-up of manufacturictivities of industrial zones within
TLR system basin led to increasing the amount aiditpon level of discharges, which
contained high amount of suspended particles fdinsntation process (Nguyen 2005).
However comparing between 2005 and 2011, sedimeality was improved (SQI =
0.63). Probably, pre-physical wastewater treatmexg paid much attention by industrial
zones to remove as much big particles as possditgd discharging as result of issuing
environmental regulations recently. The health of@r should be considered in terms of
both water and sediment bodies, hence river qualdgx (RQI) was derived from WQI
and SQI (Table 4.7). Quality of TLR has not yet iwed since embankment, it even
became worse. To improve quality of a river, wast@w should be treated properly
before discharging to its body. Meanwhile, the maimpose of TLR embankment was

improving water flow rate and reducing solid waditgposal on river banks.
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4.5. CONCLUSIONS

This study indicated that concentration of only Mmwater of To Lich River (TLR) inner
Hanoi City, Vietnam exceeds irrigation standardanwehile concentrations of Cu, Zn, As,

and Cd in sediment exceed Vietnamese standardaftbrdgricultural and industrial soils.

There is an amount of nearly 300,008 sediments accumulated in TLR since finishing
embankment in 2002, which may cost up to 170 mmilliSD for treatment. Even though,

the technologies and experiences are still limiestudy site.

After almost ten years of embankment, quality oRTWwas not improved; it even became
more contaminated in terms of heavy metals in setfiment and water. To improve the
environmental quality of a river, embankment is anbugh and just an initial stage. In
the next step, wastewater should be fully treatesarces before discharging to TLR and
if possible annual sediment dredging should alsoripemented. This not only increases

water flow rate, but also reduces re-suspendedepsoaf heavy metals from sediment.
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CHAPTER 5. GENERAL DISCUSSION AND MANAGEMENT IMPLICATIONS
5.1.GENERAL DISCUSSION

There were many cases of massive fish death imlod$ihue River reported as results of
discharge of over-polluted wastewaters from To LRiver (TLR), especially in dry
season. Two possibilities of reducing pollutiondesf wastewater are (1) all wastewater
must be treated following suitable guidelines dfedlent using purpose such as irrigation,
however it may be a long term project since buddinsystem of wastewater treatment
plant for TLR basin with recent amount of 600,008 per day is costly, (2) supplying
unpolluted water from available sources to TLR, ahhwill help reducing pollution to
safety level for both aquaculture and agricultxe.mentioned in Chapter 1, Red river
runs through Hanoi city with huge amount of disgeaeven in dry season. Currently
water from Red river cannot runs naturally to TLR rasult of river encroachment in
upstream, dredging will resolve this problem. Mehiey even huge amount of discharge
since water level of Red river in dry season is Wawch may not runs naturally to TLR, a

pumping station should be established.

Annually, there is about 30,000°nsediment accumulated in river bed of TLR as
mentioned in Chapter 4. There are a number of ssuteading to high amount of

sediment as: (1) soil erosion from agriculturaiates, this has been reduced much as
result of reduce of agricultural land from urbati@a in recent years; (2) residuals from

construction activities in TLR basin, which has mewuch increased as increase of a
number of new buildings, expansion of transportatigstem, etc.; (3) movement of dust
to city through vehicles, since transportation eystsurrounding Hanoi has not much
been developed. To reduce amount of sediment in, Thd&kcheapest way can be done by
issuing suitable regulations such as all vehiclestibe washed before entering the city

and other regulations for construction activities.

Even being highly urbanized in recent decadesetiestill an area of agricultural land
which has been directly irrigated by wastewatemfréLR through pumping stations
along river and such land still sustains life fopation of citizens in inner Hanoi city.
The fact is that agricultural products, especiatigetables irrigated by TLR wastewater
have been ostracized by consumers. In the nearefutgricultural land may be
destructed as a result of urbanization; establishmigation system for such land

becomes cost-inefficient. Therefore, only one wanynfers can sustain their products is
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that they should not only irrigate with wastewdtem TLR but also with their own clean
water by suitable ratio, which ensures the qualftyproducts acceptable by government
standard and reduces input cost from using so noledn water and nutrient/fertilizer

that is much available in wastewater.

After embankment in 2002, river banks of TLR hawtdme playgrounds for many
citizens living along and surrounding areas, even reported that bad odor is coming
from water body. People may not directly contadhwvater body, however many water-
borne diseases are originated such as diarrheaEsadnerichia coli bacteria, which much
affect human healtrE. coli bacteria usually transfers to human through foleairc by
consuming raw material such as vegetables whictaswE. coli. Those can be avoided
by not eating raw vegetables irrigated by TLR waied/or vegetables should be washed
in a clean manner to remove as muiehcoli as possible until safety level. However,
heavy metal accumulation in vegetables cannot lbeoved by any manners except
reducing wastewater use to minimize metal accunaulahe bad odor may come from
decomposition of many organic materials dischargedLR from domestic activities,
industry, and hospitals. There is only one wayeiduce it is that reducing concentration
of organic carbon in wastewaters through treatnaa/or supplying less contaminated

water from Red river to TLR, which was mentionedvpously.

Since To Lich is the last river, receiving all wasgtters from inner Hanoi city before
discharging to Nhue River in South Hanoi. To imgoguality of TLR, it must be
accompanied with improvement of all sewage systastuding TLR system of four main
rivers, 25 other small channels, and 518 lakesftd#rdnt sizes (Fig. 1.1). Management of
small channels and lakes may be difficult, becafiskegal disposals of both solid waste
and wastewater from citizens to water bodies, awilly environmental regulations do
not work well in such situation. In addition, seéint accumulated in lakes or small
channels for a long time may contain high levehe&vy metals, which has never been

dredged, leading to re-suspend to water bodyisfribt removed completely.

Besides wastewater treatment to improve qualitywater bodies in Hanoi city, dredging
available sediment, which contains high level ch\nemetals, is needed. The point was
discussed in Chapter 4 is that the technologies experiences for treating heavily
contaminated sediments are not available, andcibstly, leading to many difficulties for
situation in Hanoi. Considering disposal of dreddpedvily contaminated sediment to

landfill, for a long terms it may become secondaoyrces of contamination to both
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surface and underground water. Based on Vietnasteselard, dredged sediment is not
suitable for both industrial and agricultural spi®wever if we use with small amount
for an area of agricultural land it may not afféeilavy metal accumulation in both soil
and crops, meanwhile crops can use much nutriedt aaganic carbon available in

sediment to reduce input cost and increase incomtafmers. However, this point must

be scientifically confirmed by further research.

Currently, it costs 0.25 USD/person/months for letwadd solid waste in Hanoi, which is
used for management, transportation, and treathesbme extent. The situation for
wastewater is not much considered, because nosfeequired for transporting and
especially wastewater treatment plants are not nawelilable in Hanoi. This should be
taken into account as soon as possible by addisgtoorolumes of supply water, those
cost will be used for wastewater treatment andré@adly may affect behavior of citizens

on water use to minimize wastewater discharge.

As discussed in detail in Chapter 2 and Chaptesodyce of heavy metal to TLR is
mainly from anthropogenic origin as industry otttean domestic activities. The best way
to reduce heavy metal contamination in wastewatdo imove industrial zones and/or
much bearing pollution manufacturers out of innanbi city, which not only affect the
environment of water bodies but also on air paditiAnother possibility is management
by environmental regulation to force all manufaeturto follow solid waste and
wastewater, and emission standards, which have lessrtaken care as result of being
rapidly urbanized process. In addition, speciaingxon their products for inner city
environmental responsibility may be acceptable. IBmdustry and handicrafts bring
many benefits to citizens; however it is difficuitterm of environmental protection. The
special characteristic of this type of industryHanoi city is the scattering distribution, it
is not feasible to collect all wastewater for treant in centralized treatment plant, while

treatment at source faces a problem of cost-ineffay.
5.2.PROJECTION OF METAL LOAD

As mentioned previously, population in TLR basingi®wing gradually as a result of
natural increase and in-migration; and improvehg\standard may lead to an increase in
water supply demand from 160 liter/person/day i®32@ 180 in 2010 and to 200
liter/person/day in 2020 (Nguyen 2005). Assuming thetal concentration in 2020 is
equivalent to value in 2011, the trend for metadao Nhue River was projected

according to the variation of discharge (Fig 5.Td&)e total metal load was also modeled
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as time progresses (Fig 5.1b). It is the fact Ti& water is not polluted and most under
acceptable concentration following Vietnamese steshébr irrigation water. However, the

total metal load increases year by year as re$udlevated wastewater discharge. This
amount will be later accumulated in sediment atrgiveam Nhue River and in a long run
it will much affect water quality and environmetuete. In 2030, total metal load may

double in 2011 if no suitable action from governisrconsidered urgently (Fig. 5.1b).

a 30 = 266.8 InK) - 3390.3 a T3 b
& 250 1 g o.97§= 0.15 @ g 300V :RleB%fsglg,(g:- 5_2215160 v
2 200 2 2301
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Fig. 5.1. Projected metal load discharged to NhwerRat the end of TLR

5.3.MANAGEMENT IMPLICATIONS

Each country has its own heavy metal standardiigiation water, agriculture soil, safety
environment, etc. In general, developed countrea® Istricter standards where maximum
permissible metal concentrations are much lowen that in developing countries (Fipps
2003). In addition, number of heavy metal includada standard is also different.
Developed countries cover a larger number compéredeveloping countries (MWI
2001). Biologically, a sole metal highly exceedipgrmissible concentration may not
cause affected, where several metals slightly ekngepermissible concentration may
cause heavily affected (Utsumi and Tsuchiya 200@)integrate number of heavy metals
and their permissible concentrations together staadard, representing possible effects
on biota and environment, an integrated standateixii{S) was proposed and calculated

as following:
IS = %zi (5.1)

whereC; is concentration of metalexamined in the field, areC; is standard/permissible

concentration of metal The values ofS were classified into three classéS; < 1 (not

92



affected - permissible), 4 IS < 1.5 (affected - conditionally permissible), ar&l> 1.5
(heavily affected - impermissible), which was parftbllowing mean PEC quotients as
indicated by MacDonald et al. (2000) and Long e{E998) and details were discussed in
Chapter 3. The applicability dS is based on the fact that the appearance of heavy
metals in the field is random if they are from matsource and are dependent when they
are from anthropogenic sources. In process of sglgeheavy metal from anthropogenic
sources such as industry, transportation, ferigjzetc. generally, concentration of heavy
metals examined in the field increases or decreiasparallel. Therefore, increasingl
means increasing in concentration of all metalserathan decreasing in concentration of
some metals simultaneously with much increasingdhthe others. Similarly to national
standard, the values &8 classes may also differ country by country. Thecize class
intervals oflS should be examined by biological experiments omafretcumulation in

plants’ organs, consequent effects on their conssireéc.

An example of calculated ISI in TLR indicated thaincentration of five concerned
metals in sediment much exceeded Viethnamese sthfalaagricultural soil (Table 5.1).

if we consider each metal separately, we may adseecto conclusion that sediment from
TLR must not be used for agriculture. It may coméhe same conclusion from ISI using

as the values were greater than 2 in all obsergadsy(Table 5.1).

Table 5.1. Heavy metal concentration (mg/kg) inireedit of various sampling years and
integrated standard indeb))

Cu Zn As Cd Pb ISI

Sampling in 2011 104.4547.0 23.1 11.2 76.1 2.69
Sampling in 2005 333.2 390.8 - 9.6 375.3 4.69
Sampling in 1997 158.7 192.7 35.2 - 139.0 2.26

QCVN 03: 2008/BTNMT for agricultural séil 50 200 12 2 70

!cited from Nguyen et al. (2010).
2cited from HSDC (1997).
3Vietnamese technical regulation on the allowalstétsi of heavy metals in soils.

Meanwhile, in all seven concerned metals in surfaater of TLR (Table 5.2), only Mn
concentration observed in years 1997 and 2011tkligkceeded WHO irrigation water
guidelines, strictly based on guidelines we mayctate that wastewater from TLR

cannot be used for irrigation. However, using Kdds to conclusion that it can be used
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since ISI values are much lower than 1, which mgaira enlarge usage capability of

wastewater for irrigation in the shortage of waesources.

Table 5.2. Heavy metal concentration (ug/L) in waté various sampling years and
integrated standard indeby)

Cr Mn Ni Cu Zn As Pb ISI
Sampling in 2011 2.6 220.9 6.8 4.6 44.4  40.6 78 0.23
Sampling in 2005 8.4 1140 6.0 4.6 31.6 5.6 19 0.11

Sampling in 1997 13.0 220.0 4.0 20.0 2,000 66.0 160.0 0.43

Irrigation water

guidelined 100 200 200 200 2,000 100 5,000

!cited from Kikuchi et al. (2009).
%cited from HSDC (1997).
WHO (2006).

Except Mn contents in samples of 1997 and 2011cemmations of other metals in
surface water of TLR were still under Viethamesenpssible limit for irrigation water
(Table 5.2). As stated in Chapter 1, there areifigeistrial zones of nearly 100 factories
discharging untreated and/or partly treated wagtawa TLR basin. Obviously, many of
100 mentioned factories have been discharging teallwastewater to TLR system
(Nguyen 2005), which is then diluted with other oniess polluted water sources such as
domestic sewage, storm water, agriculture etcltregun unpolluted surface water at the
end of TLR (Table 5.2). On the other hand, indabktzones or factories may not treat
their wastewater; instead they lower concentratign dilution for the purpose of
compliance with effluent discharge standard. Actri standard for heavy metals may be
required for study site so called “Total Pollutantad Control Standard” - TPLCS, which
has been applied in developed countries for CORpgen, and phosphorus (JMoE 2011;
Moon 2005).

TPLCS (kg/day) has been set as a permissible ¢ifrpbllutant discharge load contained
in effluents per day for each business establishimdrasin and is calculated as Eq. 5.2.
TPLCS

TPLCS=C*Q *10° (5.2), therefoe C = ———=

010 (5.3)

where, C is metal concentration in wastewater (@hd Q is wastewater quantity
(m¥day).
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General speaking, Q value increases year by yedilé.6; 5.3) as result of population
growth, freshwater demand increase, and industaaélopment. Therefore, all business
establishments must improve effluent discharge ityl@dduce metal concentration in

their wastewater through upgrading wastewater rireat facilities and safe operation to
comply with TPLCS.

Japanese Ministry of Environment (JMoE 2011) prepgoa formula for establishing
TPLCS in Japan as following Eg. 5.4.

TPLCS=(C,*Q,+C *Q +C;*Q) *10 54

where, C and Q are concentration and dischargéddy) of the effluent, respectively.
Co*Q, applied to water volume before July 1, 1980Q¢ applied to water volume which
increased between July 1, 1980 and June 30, 199Q; &pplied to water volume which
increased after July 1, 1991. Three mentioned @ativisions were taken in accordance

with the time of construction and expansion of piithn facilities in Japan.

As a developed country, the quantity of specifi¢fluent is the value declared by
factories and business establishments (In Japamatgps must notify officials about the
volume and quality of effluent and wastewater trestt method when constructing a new
production facility or expanding an existing onéherefore, the establishment of TPLCS
for any areas becomes easy because of availatfilggevious data on volume and quality

of its effluent.

Conversely, in a developing country and being udsgh city like Hanoi, where this
study was carried out, many technologies in fivdustrial zones were established in
1950s and the data on volume and quality of effidemm these industrial zones for the
period divisions in accordance with the time of stouction and expansion of production
were not available. Therefore, a simple formulagbmate TPLCS for TLR in year 2020
(Table 5.3) is proposed as Eg. 5.5.

TPLCS . =C

*
in 202( in 202( Q in 202( (5.5)

where, Ci, 2020 1S the value taken from current standards andedjael for water quality
(Table 5.3) and @ 2020is discharge in 2020 as mentioned earlier (Talie As stated in
details, water of TLR has been being used foratigy agriculture land and since the

river runs through dense residential areas witlopufation of around 2 million people.

95



Therefore two standards (Vietnamese standard féaciwater used for domestic water
supply (TCVN 5942-1995, column A) and Vietnamesehitécal regulation on Water
Quality for irrigated agriculture (QCVN 39: 2011/BIMT) and one guideline (mean
concentration of freshwater in the world) were usedthree scenarios, which local

government may consider achieving water qualityldR basin in 2020.
Quotient (Table 5.4) was estimated as Eq. 5.6.

, . Correspondgload.
Quotien(times)= In 2020 (5.6)
Surveyetbad

n 2005rin 2011

Table 5.3. Selected values for heavy metal conatat, corresponding load in 2020, and
surveyed load in 2005 and in 2011.

Cr Mn Ni Cu Zn As Pb
Selected values for metal
concentration ( pg/L)
Meanlfreshwater in the 1 3 05 3 15 05 3
world
TCVN 5942-1995 A, surface
water for domestic water 100 100 100 100 1000 50 50
supply
QCVN 39: 2011/BTNMT, 100 i i 500 2000 50 50

water quality for irrigation

Corresponding load (kg/day)
- TPLCS in 2020

Mean freshwater in the world 0.72 5.75 0.36 2.16 10.78 0.36 2.16

TCVN 5942-1995 A, surface
water for domestic water 71.88 71.88 71.88 71.88 718.75 35.94 3594
supply

QCVN 39: 2011/BTNMT,

water quality for irrigation 71.88 - - 359.38 1437.50 35.94 35.94
Surveyed load (kg/day)

In 2005 3.79 5141 271 2.07 1425 253 0.86
In 2011 1.15 116.00 4.04 2.31 16.17 16.22 5.77

! Median values of freshwater in the world (Bowen 497

% Vietnamese standard for surface water used for dtmwater supply with appropriate
treatment.

% Vietnamese technical regulation on water quabtyifrigated agriculture.

To achieve the first scenario, metal concentrationsvater of TLR are under mean

concentrations of freshwater in the world, localggmment must take more actions to
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reduce metal load in 2020 for example (Table 513%8or Cr, 95% for Mn, 91% for Ni,

and 7%, 33%, 98%, 63% for Cu, Zn, As and Pb, rasmdy, if we adopt the severer
necessary reduction according to the surveyed ilo&005 or 2011. In achieving such
figures, not only currently or newly business ebsaimnents, but also the oldest
technology ones, which were established in 1950st ralso improve their production
technology and update advanced wastewater treateamiology. This scenario may be
infeasible for Hanoi City to achieve in 2020, sinté being urbanized and in stage of
limited budget for environmental improvement, comgghto others more urgent goals

such as promoting economic growth.

In the second scenario, achieving TCVN 5942-198%man A applied for surface water
using for source of domestic with appropriate tresit, the local government must also
take actions to reduce metal load of Mn to 38% [@d&h4) and to maintain the load
increase of other metals under acceptable quotiastsndicated in Table 5.4. This
scenario is more feasible compared to the firstasenentioned previously. To achieve
this probably only old business establishmentsbéistang in 1950s with outdated
technology are the target for increasing qualityhefir effluents. Local government may
take regular environmental monitoring and inspectmthem, supporting them finance in

improving technology or in moving out of inner city

For the last scenario, water quality of TLR mushiace Viethamese irrigation water
standard (QCVN 39: 2011/BTNMT), this is the mosidible scenario in three mentioned.
The local government only needs to keep actions;iwéaire being applied to ensure that
increase of metal load under acceptable quotidmtisi€¢ 5.4). For business establishments,
they may not need to improve their production tedbgy and change wastewater
treatment technology, however they need to corttrelr effluent quantity as current
volume. In case, there are any change in effluergntity they must inform local
government for any actions if necessary to enshee quotient of total load under

acceptability.

As stated, the availability of data on quality andlity of effluent of different business
establishments in TLR basin are not available. Haretoward a friendly environment
local government must take actions then such ddtdevavailable soon in near future,
which may include compositions of effluent of difet sources such as industry,
domestic sewage, etc. Therefore, practical stand&ee of metal concentrations will be

specifically set according to ratio between houkklaad industrial discharge, type of
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business establishment in basin of TLR, and thechgmplied technologies, which has

been widely carried out in developed countriesemntty.

Table 5.4. Increasing and reducing quotient (tineéspetal load in 2020 to that in 2005
and in 2011

Cr Mn Ni Cu Zn As Pb
Mean freshwater in the world
2005 -0.81 -0.89 -0.87 1.04 -0.24 -0.86 252
2011 -0.38 -095 -0.91 -0.07 -0.33 -0.98 -0.63
TCVN 5942-1995 A, surface
water for domestic water
supply
2005 18.98 1.40 26.57 34.65 50.44 1423 41.95
2011 62.24 -0.38 17.78 31.12 4446 221 6.22
QCVN 39: 2011/BTNMT,
water quality for irrigation
2005 18.98 173.26 100.88 14.23 41.95
2011 62.24 155.60 88.91 221 6.22

Negative values mean reduction.

The ISI values (Table 5.5) may also indicate thenagament schemes for local
government. Any management scheme is aiming aicned I1SI value to acceptable
figure as smaller than 1 as discussed previouSlyvalue of the first scenario (mean
concentration of freshwater in the world) is 148arly 15 times of acceptable value.
Therefore, much more actions from local governmmenst be carried out. Meanwhile, for
the second scenario (TCVN 5942-1995 A for supplycigan water after suitable
treatment) fewer actions are required because wérlovalue of ISI (0.4) as the same
discussed in the values of quotient previouslyalyn for the third scenario representing

by lowest value of I1SI (0.2), no new actions magah& take into account.

Table 5.5. Integrated Standard Index (ISI) of défeé scenarios

Scenario on water quality achieved in 2020 Current valueof 1SI*
Mean freshwater in the world 14.8
TCVN 5942-1995 A for supplying clean water afteritaole 0.4
treatment

QCVN 39: 2011/BTNMT, irrigation 0.2

'1SI was calculated as Eq. 5. 1.
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CHAPTER 6. CONCLUSIONSAND RECOMMENDATIONS

Heavy metal assessment and source discriminatienimportant for environmental

improvement and protection strategy, especiallyuftranizing cities as Hanoi, Vietnam.
The concentrations of Mn, Fe, Ni, Cr, Cu, Pb, Zrs, And Cd were determined to
evaluate the level of contamination of To Lich Ri{@LR) in Hanoi city. All metal

concentrations in 0-10 cm water samples, except Were lower than the maximum
permitted concentration for irrigation water staidaVieanwhile, concentrations of As,
Cd and Zn in 0-30 cm sediments were likely to hasleerse effects on agriculture and
aquatic life. The sediment was not polluted with &n, Fe and Ni, and then pollution
level increased in order of Cu < Pb < Zn < As < 8sland Mn in sediment were derived
from both lithogenic and anthropogenic sources,levi@u, Pb, Zn, Cr, Cd, and Ni
originated from anthropogenic sources such as uiridumes for Pb and metallic
discharge from industrial sources and fertilizemplegation for other metals. It is

concluded that environment of To Lich River has pet been improved even several

regulations on environmental protection had besmeid recently.

In nine sampling position along TLR, Cd was the nomtaminated metal causing heavy
sediment contamination for six sampling positioSgdiments at all sites exceeded
maximum permissible concentrations of potentiadyi¢c heavy metal for crops and were
considered to be toxic for aquatic life. Clustenlgsis demonstrated that the sediment
from TLR can be significantly distinguished intaeh groups in terms of contamination
degrees. Accumulation ability of heavy metals idisent was in order of Cr > Cu > Ni

> Zn > Pb > As > Mn based on accumulation coeffitie

To improve quality of TLR, the embankment was eatrout in 1998 and finished in
2002. The results indicated that currently therabisut 284,000 frsediment accumulated
in TLR bed, which is under high contamination of ¥in, Fe, Ni Cu, Zn, As, Cd, and Pb
with a total of 7,347 tons of all concerned metélsnay cost up to 170 million USD for
treatment. Even though, the technologies and exmpeegs are still limited in study site.
Domestic-discharged river reaches received muchedowetal loads, roughly 8-28%
compared to river reaches of both domestic andsimidl inputs. Total load of all nine
concerned metals at the end of TLR is 161.7 kg/ddwch is finally discharged to Nhue
River at South Hanoi. Water quality was improved cmuright after finishing
embankment, then it gradually deteriorated. Mealeylsediment quality became even

much worse after embankment. Relative river quahtyex as equal weight for both

101



water and sediment quality indices indicated thatlity of TLR was not much improved
after the embankment. It even became worse dueetairbanization in recent years. To
improve the environmental quality of a river, emkment is not enough and just an
initial stage. In the next step, wastewater shdogd fully treated at sources before
discharging to TLR and if possible annual sedinggatging should also be implemented.
This not only increases water flow rate, but alsduces re-suspended process of heavy

metals from sediment.

Integrated standard index, representing both numiferheavy metals and their
permissible concentration, should be further carsid and encouraged in action for
agricultural and environmental standards in thdityeaf shortage of resource for
irrigation water and plants’ nutrition. Otherwiske use of such resources will be banned

even concentration of a sole metal slightly exceeamissible limit.

Three scenarios on Total Pollutant Load Controh&ad (TPLCS) for TLR basin were
proposed, at which local government may base amanage the basin toward friendly
environment according to their capabilities. ThetHar studies on this topic for
establishing practical TPLCS and standard valuenefal concentrations for industrial
and domestic discharge, business establishmeffexedit types of industry, etc. must be
carried out to comply with stricter environmenttdrslard as result of improvement of

living standard in near future.

To Lich River is the main river in To Lich River stgm, which receives untreated
wastewater from industry and domestic activitiegimer city Hanoi. The deterioration of
river quality has caused adverse effects on sudiognenvironment, and may pose
potential threat to human health. In order to impravater quality management, it is
necessary to strengthen the monitoring system eémemvironment with an increase of
monitoring points, monitoring frequency and pararetand a better quality assurance
and quality control. In addition, the database &hdtwe easily access for publicity, which
benefits not only local government but also citzefhese monitoring and information
solutions may contribute to a more effective manag® of quality of To Lich River and

all water bodies in Hanoi city in general.
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