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ABSTRACT

The primary objective of this study was to assess the level of copper contamination in the

lake water and sediment of Dhanmondi and Ramna lakes. The other major objectives

were determination of equilibrium speciation of copper in lake water in order to assess its

toxic effects, determination of spatial distribution of major copper species, evaluation of

copper adsorption characteristics on different sizes of bed sediment particles of both the

lakes and assessment of gross bioaccumulation of copper in fish.

Water and sediment samples of Dhanmondi and Ramna lake were collected from

different sampling locations for laboratory analysis during three different periods of the

year namely, dry period (April to May), wet period (June-July) and intermediate period

(August-January). Sediment samples were collected to assess the nature of copper

adsorption on the bed sediment particles. In addition, bioaccumulation of copper in fish

of the lake was assessed by determining copper concentrations in various parts including

gill, stomach etc. of a fish (Nilotica) of Dhanmondi lake.

Both the Dhanmondi and Ramna lake water and sediment layer were found to be heavily

contaminated with copper. Maximum and minimum concentration of copper in the water

ofDhanmondi lake was 0.2913 mgll and 0.062 mgll and in Ramna lake 0.2047 mgll and

0.0723 mg/l respectively. Major aqueous copper species found in both the Dhanmondi

and Ramna lakes were Cu(OH)" Cu'+, CuCO,. concentration ofCu(OH), was maximum.

Cu'+, the free and most toxic form of copper species was also present in considerable

amounts. pH was found to be the major controlling factor for copper speciation. With a

decrease in pH, ionic copper (Cu'+) concentration increases thus increasing the toxicity of

water. Conversely, with an increase in pH, ionic copper concentration decreases with

increased adsorption reducing toxicity.

Analysis of sediment samples suggest that maximum amount of copper was adsorbed on

particles retained on sieve #30, #40, #50 (i.e. size < 1.19mm. to> 0.297mm.). In most
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cases copper absorption increased with the decrease in particle size upto a certain level

(0.42 mm). After that particular particle size, copper absorption decreased with the

decrease in particle size. From the analysis of bed sediment it was found that maximum

copper concentration in top and bottom layer of Dhanmondi lake was 59.45 mg/kg and

52.28 mglkg respectively. In Ramna lake copper concentration in top and bottom layer

was 47.77 mg/kg and 46.21 mglkg respectively.

Study of bioaccumulation of copper revealed that copper is present in excessive amount

in the different parts of fish in Dhanmondi lake. Maximum copper concentration was

found in the stomach (7.442 mglkg) of fish. Thus, human consumption of the fishes from

Dhanmondi lake may be harmful.

At present renovation work is underway at the Dhanmondi lake. It seems that the lake is

being dredged indiscriminately and the dredged spoils are being piled along the shore. If

not done upto a proper depth this dredging process is likely to expose the heavily

contaminated deeper sediment layer to lake water. The freshly filled lake water will get

contaminated with copper through diffusion and desorption from the newly exposed bed.

In addition, the dredged spoils piled along the shore may release copper following rainfall

into the lake and surrounding areas.

iv



CONTENTS

DECLARATION

ACKNOWLEDGMENT

ABSTRACT

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1: INTRODUCTION

1.1 GENERAL

1.2 OBJECTIVES

1.3 SCOPE OF THE STUDY

1.4 ORGANIZATION OF THE THESIS

CHAPTER 2 : THEORY OF COPPER CHEMISTRY

2.1 COPPER IN AQUATIC SYSTEM

2.1.1 Copper Transportation in Natural Waters

2.1.2 Copper in Fish

2.1.3 Copper in Sediment

2.1.4 Residues of Copper in Water and Sediment

2.1.5 Copper in Aquatic Plants

2.1.6 Copper in Invertebrates

2.2 TOXICITY OF COPPER

2.2.1 Fish

2.2.2 Aquatic Plants

2.2.3 Invertebrates

v

Page

11

III

Vlll

XII

1

1

2

3

4

6

6

6

7

8

8

9

9

11

11

13

13



Page

2.3 CHEMISTRY OF COPPER 14

2.4 METAL SPECIATION 19

2.4.1 Speciation of Metal in Aquatic Environment 19

2.4.2 Approaches for Metal Speciation Analysis 23

2.5 COPPER PATHWAYS INWATERAND AQUATIC SEDIMENT 24

2.6 LITERATURE REVIEW 26

2.6.1 Case Studies 26

2.6.2 Other Studies

CHAPTER 3: METHODOLOGY -~ 33

3.1 SAMPLING LOCATIONS 33

3.2 SAMPLING PROGRAM 37

3.3 SAMPLING METHOD 37

3.4 PRESERVATION, STORAGE, PREPARATION AND 38

ANALYSIS OF SAMPLES

3.5 COLLECTION, PREPARATION AND ANALYSIS OF 40

FISH SAMPLES

3.6 PREPARATION AND STORAGE OF STANDARD 41

COPPER SOLUTION

3.7 VISIBLE AND ULTRAVIOLET SPECTROMETRY 41

3.8 ATOMIC ABSORPTION SPECTROMETRY (AAS) 42

CHAPTER 4: DATA ANALYSIS AND RESULTS 44

4.1 STATUS OF WATER OFDHANMONDI AND RAMNA LAKES 44

4.1.1 Spatial and Seasonal variation of copper in Dhanmondi 44

and Ramna Lakes

4.1.2 Variation of pH and Temperature 49

4.1.3 Variation of Alkalinity and Chloride 57

vi



Page

4.1.4 Variation of Nitrate and Phosphate 64

4.1.5 Variation of Sulfate 64

4.2 EQUILIBRIUM SPECIATION 70

4.2.1 Chemical Speciation and Equilibrium Model 70

4.2.2 Equilibrium Speciation of Copper in Dhanmondi and 72

Ramna Lakes

4.3 Results and Analysis 75

4.3.1 Speciation of copper without considering contribution 75

from bed sediment and suspended sediment

4.3.2 Speciation of copper considering contribution 93

from suspended sediment

4.3.3 Conclusions 93

4.4 COPPER CONTAMINATION OF BED SEDIMENT 96

4.5 BIOACCUMULA TION 113

CHAPTER 5: CONCLUSION AND RECOMMENDATION 115

5.1 CONCLUSION 115

5.2 RECOMMENDATION 117

REFERENCES 119

APPENDIX A: Data used for equilibrium spciation analysis of copper

Dhanmondi and Ramna lake water

APPENDIX B: Output of equilibrium spciation analysis of copper without

contribution from sediment

APPENDIX C: Output of equilibrium spciation analysis of copper without

contribution from sediment

vii



LIST OF FIGURES

Page

Fig.2.1 Correlation between total hardness of water 12

and the 48h LC,o for Rainbow Trout of

Nickel, Lead, Zinc, Cadmium, and Copper.

Fig. 2.2 Schematic Diagram For Cu(II) Pathways 16

Fig.2.3 Flow chart for solving equilibrium problem using MINNQL+ 24

Fig.2.4 Schematic Diagram For Cu(II) Pathways 25

Fig. 3.1 Study area: Ramna lake showing the sampling 35

locations

Fig. 3.2 Study area: Dhanmondi lake showing the sampling 36

locations

Fig. 4.1 Average concentration of copper at sampling locations 47

(Dhanmondi Lake)

Fig. 4.2 Average concentration of copper at sampling locations 48

(Ramna Lake)

Fig. 4.3 Seasonal variation of pH at the sampling locations 51

(Dhanmondi Lake)

Fig. 4.4 Seasonal variation of pH at the sampling locations 52

(Dhanmondi Lake)

Fig. 4.5 Seasonal variation of pH at the sampling locations 53

(Rarnna Lake)

Fig. 4.6 Seasonal variation of temperature at the sampling locations 54

(Dhanmondi Lake)

Fig. 4.7 Seasonal variation of temperature at the sampling locations 55

(Dhanmondi Lake)

Fig. 4.8 Seasonal variation of temperature at the sampling locations 56

(Ramna Lake)

Fig. 4.9 Seasonal variation of alkalinity at the sampling locations 59

(Dhanmondi Lake)

viii



Page

Fig. 4.10 Seasonal variation of alkalinity at the sampling locations 60

(Dhanmondi Lake)

Fig. 4.11 Seasonal variation of alkalinity at the sampling locations 61

(Ramna Lake)

Fig. 4.12 Seasonal variation of chloride at the sampling locations 62

(Dhanmondi Lake)

Fig. 4.13 Seasonal variation of chloride at the sampling locations 63

(Dhanmondi Lake)

Fig. 4.14 Seasonal variation of chloride at the sampling locations 64

(Ramna Lake)

Fig. 4.15 Seasonal variation of sulfate at the sampling locations 67

(Dhanmondi Lake)

Fig. 4.16 Seasonal variation of sulfate at the sampling locations 68

(Dhanmondi Lake)

Fig. 4.17 Seasonal variation of sulfate at the sampling locations 69

(Ramna Lake)

Fig. 4.18 Major Cu species without considering contribution from 76

sediment (Location I, Dhanmondi Lake)

Fig. 4.19 Major Cu species without considering contribution from 77

sediment (Location 2, Dhanmondi Lake)

Fig. 4.20 Major Cu species without considering contribution from 78

sediment (Location 3, Dhanmondi Lake)

Fig. 4.21 Major Cu species without considering contribution from 79

sediment (Location 4, Dhanmondi Lake)

Fig. 4.22 Major Cu species without considering contribution from 80

sediment (Location 5, Dhanmondi Lake)

Fig. 4.23 Major Cu species without considering contribution from 81

sediment (Location 6, Dhanmondi Lake)

ix



Page

Fig. 4.24 Major Cu species without considering contribution from 82

sediment (Location 7, Dhanmondi Lake)

Fig. 4.25 Major Cu species without considering contribution from 85

sediment (Location 1, Ramna Lake)

Fig. 4.26 Major Cu species without considering contribution from 86

sediment (Location 2, Ramna Lake)

Fig. 4.27 Major Cu species without considering contribution from 87

sediment (Location 3, Ramna Lake)

Fig. 4.28 Major Cu species without considering contribution from 88

sediment (Location 4, Ramna Lake)

Fig. 4.29 Spatial and seasonal variation of Cu+' (without contribution 90

from sediment

Fig. 4.30 Spatial and seasonal variation of CuCO, (without contribution 91

from sediment

Fig. 4.31 Spatial and seasonal variation of Cu(OH), (without contribution 92

from sediment

Fig. 4.32 Depth of upper and bottom layer sediment column 97

Fig. 4.33 Grain size distribution of top layer sediment at location 2 of the 99

Dhanmondi Lake

Fig. 4.34 Grain size distribution of bolt om layer sediment at location 2 of 100

the Dhanmondi Lake

Fig. 4.35 Grain size distribution oftop layer sediment at location 3 of the \01

Dhanmondi Lake

Fig. 4.36 Grain size distribution of bottom layer sediment at location 3 of 102

the Dhanmondi Lake

Fig. 4.37 Grain size distribution of top layer sediment at location 7 of the 103

Dhanmondi Lake

Fig. 4.38 Grain size distribution of bottom layer sediment at location 7 of 104

the Dhanmondi Lake

x



Page

105

110

III

114

Fig. 4.39 Grain size distribution of top layer sediment at location 1 of the

RamnaLake

Fig. 4.40 Grain size distribution of bottom layer sediment at location 1 of 106

the Ramna Lake

Fig. 4.41 Grain size distribution of top layer sediment at location 3 ofthe 107

RamnaLake

Fig. 4.42 Grain size distribution of bottom layer sediment at location 3 of 108

the Ramna Lake

Fig. 4.43 Copper Adsorption on different size of particles

Fig. 4.44 Copper Adsorption on different size of particles

Fig. 4.45 Copper concentration on different tissues of Nil otic a fish

xi



LIST OF TABLES

Table 2. I Equilibrium Constant for Copper

Table 4.1 Copper Concentration at different locations in Dhanmondi lake

Table 4.2 Copper Concentration at different locations in Ramna lake

Table 4.3 Variation of pH at different periods at the sampling locations

Table 4.4 Variation of temperature at different periods at the sampling locations

Table 4.5 Variation of alkalinity at different periods at the sampling locations

Table 4.6 Variation of chloride at different periods at the sampling locations

Table 4.7 Variation of phosphate and nitrate at different periods at the

sampling locations

Table 4.8 Variation of sulfate at different periods at the sampling locations

Table 4.9 Adsorption of copper on suspended solid (without considering

contribution from sediment)

Table 4. I0 Depth of upper and bottom layer of bed sediment ofDhanmondi

and Ramna Lake

Table 4. I I Copper absorbed on different grain size at layers at different

points in the Dhanmondi and Ramna Lake

Table 4.12 Copper concentration in different tissues of Nil otic a fish

xii

Page

18

46

46
50
50

58

58

66

66
94

97

109

114



CHAPTER-l

INTRODUCTION

1.1 GENERAL

Contaminants including trace metals and toxins in water and sediments constantly impose

threat to aquatic species as well as humans. Distribution of toxic trace metals and other

materials among water systems and sediment of lakes and reservoirs is a common

problem which causes hazard associated with pollution of aquatic system. Use of a water

body such as lakes and reservoirs as an urban disposal site could cause unnaturally high

concentrations of such pollutants in water column as well as in sediment. In recent years,

studies on contamination, speciation of heavy metals in lakes and reservoirs and their

removal are being conducted all over the world show that heavy metal contamination is

more likely to occur in urban / industrial areas. Ramna and Dhanmondi lakes - both are

situated at the heart of Dhaka city, one of the most densely populated cities in the world.

Of these two lakes, Dhanmondi lake has been receiving industrial as well as domestic

sewage for a long period of time. So, it is likely to be heavily contaminated wit~ heavy

metals. On the other hand, Ramna lake receives reduced pollutant load, since there is no

major waste inlet. A comparative study on heavy metal contamination of these lakes may

be conducted to see the effect of variable domestic and industrial waste input.

(Copper is a common heavy metal and is toxic to both human and aquatic lives, even in

trace amount. It is considered as a probable carcinogen, which may cause brain and

kidney damages. It imposes threat by resulting accumulation in the food chain and their

potential health hazard in drinking water supplies (Moore and Ramamoorthy, 1984). As
J

both of these lakes receive effluents from different drains regularly, they are likely to be

contaminated with copper. Such non-flowing lakes, once contaminated with heavy metals

like copper have little chance of purifying naturally. Copper is gradually absorbed on to

suspended solids of lake water and settles quickly causing accumulation in the sediment

bed. Sediment water interaction causes the pollutant to persist longer in the aquatic



environment, which in fact pose a great threat to water quality. Since adsorption of

copper on sediment depend on the surface area available for adsorption, size of the

particle also influence on the quality of water.

Ramna lake is generally used throughout the day for bathing purposes by low income

group. Dhanmondi lake is primarily used for recreational purpose. It is a popular fishing

spot for amateur anglers. Bangladesh Fisheries Department, management authority of the

Dhanmondi lake, earns a lot of money through pisciculture in this lake and also through

leasing to Bangladesh Amateur Anglers Association who in tum sell tickets to interested

persons for angling. So it is important to investigate the water quality like copper

contamination in these two lakes.

Copper may be present in ionic form or as soluble complexes or in sorbed state in an

aquatic system. Toxicity of copper depends on the chemical form in which it exists in a

system. Determination of the concentration of the pollutant (copper) in the water body

and in the system is not enough, copper speciation (determination of chemical forms of

any constituent under equilibrium condition is equilibrium speciation) is an urgent

necessity. Chemical speciation of trace metal is also influenced by physico-chemical

factor (pH, temperature, complexing agent). In addition, sorption of copper depends on

the availability and the nature of the sorptive surface. Thus, grain size distribution of the

bed sediment may provide information on the adsorption of copper.

I.2 OBJECTIVES

The primary objectives of the study are:

j To compare the status of copper pollution by determining its concentration

distribution at different locations and at different time periods of the Ramna and

Dhanmondi lakes and thereby assessing impact of sewage disposal on copper

pollution of aquatic system.
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• To detem1ine the equilibrium speciation of copper in Ramna and Dhanmondi lakes

under different physical conditions (pH and temperature ).

• To identify any possible relationship between grain size of bed sediment and the

adsorption of copper.

f To assess the concentration variation of copper species during wet and dry periods in

both lakes.

• To assess gross bio-accumulation of copper in fish in Dhanmondi lake.

1.3 SCOPE OF THE STUDY

Ramna lake and Dhanmondi lake - both are situated at the heart of Dhaka city. A number

of domestic sewage inlets and urban runoff enter into these lakes. Knowledge of

distribution of copper in different forms in the lake water as well as in bed sediment is

essential in determining the toxicity level of the system. Persistence as well as transport

of metal in a system depends on the total concentration and chemical form of metal. Thus

high level of copper in different form may make aquatic inhabitants toxic to human

consumption. In this study, a comparative study of chemical speciation of copper (which

refers to the tendency for a compound element to assume a variety of aqueous forms in

response to environmental factors such as pH, temperature, and the interaction with

organic and inorganic copper compound in Ramna and Dhanmondi lakes) has been

perfom1ed.

Copper may be present in ionic fom1 or as soluble complexes or in sorbed state in an

aquatie system. Toxicity of copper depends on the chemical form in which it exists in the

system. So determination of the concentration of these pollutants in the water body and in

the system is not enough. That is why copper speciation is of great importance. Since a

eomparative study of copper speciation in water and sediment of Ramna and Dhanmondi

lakes have not been conducted yet, it is a timely and appropriate approach to study the
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fate of copper in the aquatic environment. Heavy metals like copper adsorbed with

suspended solids of lake water settle quickly and accumulate on the sediments. The

sediment water interaction causes the pollutant to persist longer. Through this research,

sediment water interaction on metal concentration in water column can be quantified. The

necessity for applying environmental regulation on these two lakes on priority basis may

be suggested through this work.

Bangladesh Parjatan Corporation and Dhaka City Corporation have plans to convert the

lakes into tourist resorts with development of fishery facilities and building of floating

restaurants. This study may provide information on the possible options in restoration of

these lakes with minimal adverse effects on the surrounding environment and human

lives.

1.4 ORGANIZATION OF THE THESIS

The thesis consists of five chapters. Apart from this chapter, the remainder of the thesis

has been divided into another four chapters.

Chapter 2 includes literature review covering impacts of heavy metals, especially copper.

This chapter emphasized on sources, speciation, transport and distribution of copper in

aquatic system. Brief description of copper chemistry and number of reviews of relevant

literature are also discussed in this chapter.

Chapter 3 consists of brief description of the methodology applied in the work. Sampling

locations of the lakes, sampling program, collection, preservation and storage, and

analysis of water and sediment samples as well as fish sample are described in this

chapter.

Chapter 4 presents an evaluation of copper contamination in Dhanmondi and Ramna lake

based on the laboratory analysis of water and sediment samples collected from the lake.

Spatial and seasonal variation of copper and other relevant chemical constituent arc
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discussed. This chapter mainly presents results of equilibrium speciation calculations

performed by using MINEQL + (Schecher,1994). Major aqueous copper species have been

identified and their relative toxicitys are discussed here. Effect of various parameters (e.g.

pH) on speciation and resulting variation in toxicity are described. Relationship between

grain size of bed sediment and the adsorption of copper is assessed. Adsorption of copper

on top and bottom sediment layers was also detemlined. This chapter also presents results

on bioaccumulation of copper in various tissues of fish species of Dhanmondi lake. Level

of contamination and its implications are also presented in this chapter.

Finally Chapter 5 presents major conclusion of the study and also provides

recommendation of future study.
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CHAPTER-2

THEORY OF COPPER CHEMISTRY

2.1 COPPER IN AQUATIC SYSTEM

In aquatic environment, copper exists in three broad categories: particulate, colloidal and

soluble. The dissolved phase could contain both the free ion as well as copper complexed

to organic and inorganic ligands.

2.1.1 Copper Transportation in Natural Waters

Particulates contain varying fractions (12-97%) of total copper transported by rivers.

Approximately 6.3xI0'. metric tons of copper are transported annually by rivers to the

oceans. Only 1% of this is in the soluble fom1, 85% in particulate crystalline phases,

about 6% bound to metal hydroxide coating, 4.5% bound to organic and only 3.5%

adsorbed into the suspended solids. (Moore and Ramamoorty, 1984)

From size fraction studies of the Ottawa River water, Ramamoorty and Kushner(1975)

showed that about 35% of added Cu'+ was bound to suspended solids(>0.45 flm) and

48% to macromolecules(:<;;0.45 flm-45000 MW fraction). The rest was bound to size

fraction less than 1400 MW. The binding components were identified to be organic

compounds. Similarly 40-60% of total copper in estuarine and coastal waters was

associated with colloidal matter of organic and inorganic fonns.(Batly and Gardner,

1978)

From an eight years' study (1970-78) on the transport and budget of heavy metals in the

Ruhr river, Inhoff et al(1980) reported that (i) copper showed a small range of variation

in concentration even with changing flows (ii) the extent of variation was independent of

the sampling stations along the river. The relatively small variation in levels was
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attributed to the equal input from geo-chemical origin of non-point sources. About 65-

81% of copper was in the soluble fraction, thus minimizing concentration fluctuations.

2.1.2 Copper in Fish

Residues in marine fish are generally higher than those in fresh water species. In polluted

fresh waters, maximum concentration of copper in muscle tissue seldom exceed 1 mg/kg

wet weight. Fish collected from polluted marine waters generally contain 0.5 - 2.0 mg/kg

in muscle tissue, extreme levels of environmental contamination may lead to muscle

concentrations of 3 - 6 mglkg. Because muscle residues are generally low, copper does

not pose a threat to most fisheries, even those in polluted waters.

Roth and Hornung (1977) reported that total copper in water, sediment, and algae from

the Mediterranean coast ofIsrail averaged 3.7 J.lg/I, 1.6 mg/kg, and 5.4 mg/kg dry weight,

respectively. Residues in the 12 most common fish were 3.8 mglkg dry weight, yielding

CF's of 1000 and 2.4 based on water and sediment as the polluting source, respectively.

Residues in the liver of Eel, Whiting and Flounder from the Medway Estuary (UK) were

5-60 times greater than those in muscle (Wharfe and Van den Broek, 1977). This was

also noted for Roach and Crucian Crap in central Europe (Drbal, 1976) and Flounder from

Baltic sea (Von.Westemhagen et ai, 1981). Although the gut-wall is another major site of

deposition, concentrations in skin and gills are approximately similar to those in muscle.

In some species, overies accumulate substantially more copper than testes.

Contaminated food is probably a more important source of copper than water. So burdens

in fish cannot be consistently related to ambient pollution levels in water. Rate of uptake

is inversely related to the presence of chelators and inorganic ions in the water, and

directly related to the exposure period and concentration. Although residues in muscle

tissue frequently decline with age and size of the fish, McFarlane and Franzin (1980)

demonstrated a consistent positive correlation between copper in pike livers and fish age.
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This implies liver analysis provides a better analysis of the health of fish populations than

muscle analysis.

2.1.3 Copper in Sediment

Copper is sorbed rapidly to sediment, resulting in high residue levels. Rate of sorption

varies with the type of clay/sediment, pH, the presence of ligands and FelMn oxides.

In the lake Ontario, all of the copper in sediment was bound to humic acid (Nriagu &

Coker, 1980). Tessier et al (1980), from studies of Yamaska and St. Francois Rivers

(Canada), reported a high percentage of organic bound copper in the particulates. The

fractions from the two rivers were: organic 31% and 52%, residual 41 and 22%, Fe-Mn

oxides 20 and 12%, carbonate 8 and 14% and exchangeable 1.0 and 1.2%. These values

were different from Amazon and Yukon Rivers where organic-Cu was 8-15% and

residual fraction 74-84% (Gibbs, 1977). Similarly Willey and Fitzgerald (1980) reported

that about 27% of organic bound-Cu occurred in coarse sediment (~6311m) and 62% in

the factions.

Desorption from sediment into the bulkwater depend on pH, salinity and the presence of

natural or synthetic chelating agents. Van der Weijden et al. (1977) reported the order for

decreasing desorption into 1:1 diluted seawater and encounter to be

Cd>Zn>Mn>Ni>Co>Cu>Cr. No desorption of Fe and Pb was reported. Elevated copper

levels (~ 1000 mg/kg dry wI.) in sediment are often associated with the discharge of mine

waste. Although other industrial sources may produce residues of upto 500 mg/kg,

concentrations associated with sewage disposal are generally::; 250 mg/kg. Unpolluted

marine freashwater sediments generally contain levels::; 20 mg/kg.

2.1.4 Residues of Copper in Water and Sediment

Soluble copper level in uncontaminated fresh water unusually range from 0.5 to 1.0 llg/l

increasing to ~ 211g/1 in urban areas. Much higher concentration (500-2000 llg/l) occurs
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in vicinity of some metal mines and during the periods of high water (Tyler and Buckley,

1973). There is a gradual decrease in residues moving from coastal marine waters to off

shore areas. Duinker and Nolting (1977) showed that soluble copper exceeded IS flg/l in

the Rhine Estuary, but decreased to :0; 0.2 flg/l in the English Channel. Similarly,

concentration of 1-5 flg/l have been reported for the Mediterranean and Baltic Seas, a

reflection of elevated anthropogenic loading, whereas open oceanic waters have residues

of :0; 2 flg/l.

2.1.5 Copper in Aquatic Plants

Concentration in attached species inhibiting polluted waters generally average 10-100

mg/kg dry weight. Residues in AscophyllulIl nodosulIl collected from a polluted part of

Trondheimsfjord (Norway) averaged 166 mglkg whereas in a controlled area they

contained 6 mglkg (Haug et al. 1974). A mixed population of benthic algae had copper

level of 120-335 mglkg throughout a ISO Ian section of Neckar River (FRG) ( Bartelt and

Frostner, 1977). Trollope and Evans (1976) reported levels of 660 mglkg in unattached

filamentous species inhibiting a Welsh fish near a smelter and 140 mglkg in a control

area.

CF's for copper are lower than those reported for most other heavy metals, including

mercury, Cd, Pb, Zn, Ni. Depending on the extent of ambient pollution. CF's may range

from O.lxIOJ to ~ IxlO' in both marine and fresh waters. In Ruhr river (FRG), average

CF's for Nupher InteulIl (Spermatophyta) and HygroalllblystegiulIl species (Bryophyta)

were 78 and 2800, respectively (Dietz, 1973). Rate of uptake depends on the initial

concentration of Cu in the media. Although appreciation sorption occurs in the presence

of Na+ and Mg'+, uptake is generally suppressed by H+. Sorption rates are species

dependent resulting in variable residues levels among different species. Further more Cu

may increase the pem1eability of the cell wall in aquatic plants, thereby increasing

susceptibility to other pollutants.
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2.1.6 Copper in Invertebrates

Invertebrates inhibiting polluted freshwater generally carry residues of 5-200 mg/kg dry-

wI. in soft tissue. Manly and George (1977) reported levels of 21-103 mglkg in the

mussel Anodonta anatina found in the river Thames (UK). Similarly, concentration in

herbivorous, omnivorous invertebrates collected from a stream in an industrial area of

USA (Wisconsin) averaged 13.7, 70.9 and 30.5 mglkg, respectively (Anderson, 1977).

Copper sulfate was added to an irrigation canal in California (USA) to control alga,

resulting in water, sediment and vascular residues of $; 0.01 mglkg, 30-60 mg/kg and 35 ,

mglkg dry-wI., respectively (Fuller and Averett, 1975).

Residues in marine invertebrates are often much higher than those reported for fresh

water. Some of the highest residues for marine invertebrates have been reported for the

Bristol Channel and Severn Estuary (UK). Stenner and Nickless (1974) reported

maximum levels of 1750 mg/kg by weight for soft tissues of molluse Nucella lapillus,

whereas the oyster Crassostrea gigas contained up to 6480 mg/kg (Boyden and Romeri!,

1974). On the other hand, crustaceans and molluses from many other parts of Europe and

North America bear level of $; 60 mg/kg.

Maximum residues are generally found in internal organs. Ireland and Wootan (1977)

reported levels of554 ands 61 mglkg in the digestive gland gonad and body of the marine

gastropod. Thais lapi/hls collected from the coasts of Wales while residues in the viscera

of shrimp and squid from the Gulf of Mexico were 2-7 times greater those of muscles

(Horowitz and Presley, 1977). Some species, including gastropods Helix aspersa and

Littorina littorea show relatively even distribution of Cu throughout their tissue

(Coughtrey and Martin, 1976, Ireland and Wootan, 1977).

Rate of sorption by planktonic invertebrates generally depends on the copper

concentration in water. In addition, uptake by benthic species is directly related to levels

in sediments. Depending on species, low temperatures may reduce the rate of sorption.

Similarly, uptake varies with salinity and the presence of other metals in solution.
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2.2 TOXICITY OF COPPER

2.2.1 Fish

Copper is usually more toxic to fresh water fish than any other metal except Hg (Fig. 2.1)

(Moore and Ramamoorty, 1984). LCso's range from 0.017 to 1.0 mglL under most

conditions. However, unusually high water hardness may increase the 96h LCso to 3.0

mg/L. Copper is much less toxic to marine fish due to the high complexing capacity of

salt water. Approximately 30% mortality occurred in mammichog following exposure at

8.0 mg/L Cu L-1 for 96 h (Eisler and Gardner, 1973).

Acute toxicity to fresh water depends largely on hardness (Figure 2.1). Ionic copper

(Cu'+) and ionized hydroxide (CuOH+, Cu,OH,'+) are not toxic, with a combined 96h

LCso of 0.0009-0.23 mg/L. At low hardness (12 mg/L) the incipient lethal concentration

(lLC) of dissolved copper to rainbow trout was not affected by a change in alkalinity of

10-50 mg/L (Miller and Mackay, 1980). However, the same change in alkalinity in

hardwater (98 mglL) resulted in a 1.8-fold increase in the ILC.

Toxicity of combination of Cu'+/CuOH+/Cu,'+ and W were antagonistic to rainbow trout

at pH < 5.4 whereas at pH>5.4 there was synergistic between copper toxicity and pH

(Miller and Mackay, 1980). Synergistic effects have also been noted for combination of

Cu/Cd/Zn, Cu/Zn, Cu/ZnlNi, Cu/Zn/phenol and Cu/chloroamines. Antagonist effects

occur following complexation with organic material, sewage and CaCO,.

Exposure to chronic/sublethal levels (0.02-0.2 mg/L) of copper reduces survival growth

and the rate of reproduction in a variety of species. In soft water, fecundity and egg

survival may be inhibited at concentration as low as 0.004 mg/L. The hematocrit for a

range of species of increases, with copper levels in the environment oxygen consumption,

blood pH and the energy expenditure may also increase whereas feeding (Waiwood and

Beamish, 1978, Lett et at, 1974). Sub-lethal exposures also result in behavior changes,

such as decreased concealment and ability to orient.
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Copper ions precipitate in gill secretions, causing death by asphyxiation (Tsai, 1979).

There is also an impairment of haemopoetic tissue in grill filaments which results in

reduction of oxidative activity. Necrotic kidney cells, fatty degeneration of the liver and

brain hemorrhage have been reported for acutely exposed fish.

2.2.2 Aquatic Plants

Copper is highly toxic to most aquatic plants. Inhibition of growth generally occurs at

$0.1 mg/L, regardless of test conditions and species. Other effects, such as reduced

carbon and silicic acid uptake, occur at copper concentration of 0.003-0.03 mglL. Hg is

the only metal which is consistently more toxic to aquatic plants than copper.

Sub-lethal effects of Cu intoxication include initial loss of potassium due to increased

permeability of the cell. There may also be inhibition of oxygen evolution and

assimilation of carbon and decrease in the rate of photosynthesis. Cell volume, particulate

carbon and nitrogen levels and silicic acid uptake may be reduced at concentration below

0.05 mg/L.

Presence of complexing substances in water greatly reduces toxicity. Such agents

generally originates from decaying matter. Many algal species can adopt to high copper

levels in waters. Tolerant accumulate high levels (600 mglkg dry-wt) of copper while still

growing and dividing (Stokes, 1975), thereby increasing the amount of copper in the food

chain in polluted waters.

2.2.3 Invertebrates

Copper is highly toxic to most fresh water and marine invertebrates. LCso's are generally

less than 0.5 mglL through they may range from 0.006 ~ 225.0 mglL under certain

conditions. Toxicity is greater in fresh water than in marine waters, reflecting the relative

proportion of the toxic free copper ions in solution.
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Water hardness plays a role in determining toxicity. The LC,o for the oligochaete Tubifex

lubifex increased by a factor of 150 when water hardness increased from 0.1 to 0.261 mg

CaCO, /L ( Brkovic-Popovic and Popovic, 1977). Similarly, toxicity of Daphnia Magna

was directly related to copper, dissolved copper and inorganic chelator concentration

(Andrew et. aI., 1977).

The presence of organic chelators in solution significantly increased survival. Following

exposure to 0.02 mg CulL, mortality in embryos of the pacific oyster Crassoslrea gigas

exceeded 97% (Knezovich et. ai, 1981). However, the addition of humic matter and

EDTA reduced mortality to 10.8 and 14.8% respectively. Furthem10re, sand sorbs copper

from solution, thereby decreasing availability of copper to the test organisms.

Treatment of polychaete Eudislylia vancouveri with 0.01 mg CulL caused a shortening

and clubbing of the pinnules on the grill (Young et. aI., 1981). There was a less cellular

adhesion in the grills and structure derangement that lead to cell necrosis and death.

2.3 CHEMISTRY OF COPPER

Copper, one of the most mobile metals in environment is toxic to human at high level of

concentration. It has two oxic states; i) Cuprous copper and ii) Cupric copper. Usually,

cuprous copper is unsuitable in aerated water over the general pH range (pH 6-8) of

natural water and is readily oxidized to cupric state. In natural aquatic system copper

exist in three physical states:

Particulate state: Particulate matters include oxide, sulfide, and malachite (Cu,(OH),CO,)

precipitates, as well as insoluble inorganic and organic complexes and copper adsorbed

on clay or other mineral solids.

Dissolved state: Dissolved state includes free cupric ion and soluble complexes. Bivalent

copper chloride, nitrate, sulfate are highly soluble in water.
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Colloidal state: Colloidal states of copper are polypeptide materials, fine clay and

metallic hydroxides precipitates. Copper carbonate, cupric hydroxide, oxide, and sulfide

precipitate out or form colloidal suspension in presence of excess cupric ions.

Copper forms complexes with hard bases like carbonate, nitrate, sulfate, chloride,

ammonia and hydroxide. Neutral ligands such as ethylenediamine, ammonia and pyridine

form strong complexes with copper. Copper interacts strongly with sulfur, forming

relatively stable insoluble sulfides. Being an intermediate acceptor between hard and soft

acids, copper complexes with nitrogen and sulfur containing legands. Humic materials

in freashwaters bind more than 90% of total- Cu whereas those in seawater bind only

10%. In the latter case calcium and magnesium, because of their large concentrations,

displace copper from humic materials.

Fate of copper in the aquatic and marine environment is governed by the process of

complex formation with inorganic and organic legands. Organic acids also cause

mobilization of copper from sediment into the overlying water (USEP A, 1984). As copper

has high affinity to hydrous ion, manganese oxide, clay carbonate minerals and organic

matter; sorption of these materials in water or in sediment increases the solid phase

concentration and reduces the dissolved phase concentration in the system. Other factors

governmg the speciation and precipitation of copper in an aquatic system are pH,

alkalinity, temperature and concentration of other chemical components. Two

precipitation reactions of copper under thermodynamic equilibrium are;

a. Precipitation of cupric hydroxide followed by conversion of hydroxide to oxide

Cu ,+ + 2H, 0----> Cu(OH), + 2H+ ----> CuO (s) + 2H++ H,O

b. Precipitation of malachite

Cu ,+ + 2 H,O + HCO, -----------> Cu, (OH), CO, (s) + 3W
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Both reactions are dependent on pH values and on the bicarbonate (alkalinity)

concentration of the solution. Based on equilibrium calculations, malachite is usually the

only precipitated specie in the pH range of most fresh waters. In the presence of copper

precipitates, the free cupric ion can further complex with bicarbonate ions to form

soluble CuCO, species. This explains why the concentration of free cupric ion only

represents a small fraction of the total soluble copper. Table 2.1 represents a few of the

reactions of Cu(II) with ligands and the corresponding equilibrium constants pertinent to

formation (USEPA, 1987).

Toxicity of copper: In natural waters metal like copper readily form stable hydroxyl or

carbonate complexes or both - and only a fraction of total concentration exists as cationic

or aquo form. The most important species of copper causing toxicity are Cu'., Cu(OHt

and Cu(OH), aq. (Chakoumakos et ai, 1979). Mortality rates and reciprocal survival

times of aquatic lives were directly related with cupric (Cu.') and copper hydroxyl

(Cu(OH),) ion activities as determined by equilibrium calculations. The concentration of

these species varies with pH and alkalinity. At lower alkalinity the main species formed

are CuHCO;, CuCO, 0 and Cu(CO, ), ,- which show no visible toxicity. Small changes in

DO, CO, content, pH, alkalinity, hardness of water alter both the aqueous chemistry of

the toxicant and the animals physiological response to that toxicant. The toxicity of

copper to rainbow trout was found to be related to the total concentration of Cu and

CuCO, (in the absence of organic complexes) rather than to the concentration of either of

these forms alone. Addition of orthophosphate resulted in decreased solubility of copper

and a correspon,ding decrease in toxicity. Pyrophosphate, however, increased copper

solubility but resulted in a nearly complete removal of toxicity (Andrew, Biesinger and

Glass, 1976).

Toxicity increases with increasing pH (Mount (1966), Steeman (1969), Mancy and

Allen, 1976). Formation of either inorganic or organic complexes greatly reduces metal

toxicity. Reduction in toxicity is related to the stability constant of the metal complexes

formed (Nishikawa and Tabana, I969). Zinc and copper solutions with an excess of

strong chelating agents EDTA is much less toxic to fish and aquatic invertibrates.

Similarly, thiosulfate, citrate, glycerin and humic acids reduce toxicity in proportion to
17



Table 2.1 : Equilibrium Constant for copper (US EPA, 1987)

Ligand LogK Equation and Comments

6.37 Cu 2++ OH - = CuOH -

6.21 Cu 2++ OH- = CuOH - (pH=3.4)

11.70 Cu 2++20H- = CU(OH)2 (pH=8.4)

OW 14.30 Cu 2++ 20H- = CU(OH)2

15.00 Cu 2++ 20- = CU(OH)3

16.00 Cu 2++40H' = Cu(OH). 2-

17.70 2Cu 2+ + 20H - = Cu(OH), 2+

0.02 Cu 2++ cr- =CuCl-

CL- 2.05 Cu 2++ CI- = cucr-

-0.71 Cu 2++ 2CI - = CuCI2

-2.30 Cu 2++ 3CI - = CUC!3

-4.60 Cu 2++ 4CI - = CuCl.

F- 1.26 Cu 2++ F- = CuF+

5.97 Cu 2++ C032- = CuC03 (aq)

6.00 Cu 2++ C032- = CuC03 (aq)

6.34 Cu 2++ C032- = CuC03 (aq)

6.30 Cu 2++ C032- =CuC03 (aq)

C032- 6.80 Cu 2++ C032- =CuC03 (aq)

6.20 Cu 2++ C03 2- = CuC03 (aq)

10.30 Cu 2++ 2C03 2-= CU(C03)2 2-

9.83 Cu 2++ 2C03 2-= CU(C03)2 2-

S 2+ 40.00 CU2++S2-=CuS

SO.2- 2.25 Cu 2++ SO. 2-= CuSO. (aq)

HS - 26.00 Cu 2++ 3HS -= CU(HS)3-

CN" 25.00 Cu 2++ 4CN - = Cu(CNl. 2-
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the concentration the added chelant (Grande (1966), Sprague (1968), Tabata and

Nishikawa (1969) and Biesinger et. al. (1973).

2.4 METAL SPECIATION

2.4.1 Speciation of Metals in Aquatic Environment

The first step to detennine the chemical equilibrium composition In an aquatic

environment is to ascertain the approach in solving the equilibrium problem. Generally

two different approaches are being used:

I. Minimization of the system free energy under mass balance constraint.

2. Simultaneous solution of the nonlinear mass action expressions and linear mass

balance relationship.

According to Van Zeggren and Storey (1970) these two methods are to be mathematically

equivalent. The second approach is more frequently used and is referred to as the

"equilibrium constant method". In this method, the chemical equilibrium problem is

described as a set of mass balance equations, one for each component, and a set of mass

action equations, one for each specie. Then these non-linear mass action equations are

solved using the mass balance equations. The equilibrium composition of the aquatic

environment is determined by the minimization of the Gibbs free energy of the system

within the mass balance constrains. The chemical equilibrium determines the aqueous

metal speciation in addition to the effects of precipitation/dissolution and sorption. A

system containing j components can be represented by a set of j mass action expressions

as follows:

j=n

Y; Ci = K.; n
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where,

Y, = activity coefficient of specie i

C, = concentration of specie i

K; = formation constant for specie i

Xj = activity of component j

a'j= stoichiometric coefficient of component in specie i

n = number of components.

In logarithmic form the equation becomes;

log C, + log Y,

j=n

= log K; + L a'j log Xj

j~l

In addition to the mass action expression, the system of j components is governed by total

number of j mass balance equations of the form ;

j~s

Tj 2: au C,
j~l

Where

Tj = total analytical concentration of component j

s = number of aqueous species

An iterative numerical technique is usually used to solve these equations. Most

commonly used iterative technique for this purpose is the Newton Raphson method. To

arrive a solution, an error term (y,) is defined such that,

Where,

y, = the error or remainder in the mass balance equation for each

componentj
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The final solution is reached when the following criteria is met;

I yi I :0; convergence criteria (e.g. ; .001)

These mass action and mass balance equations are for a system with no solid phases.

Solid phases such as precipitates, are handled by "transformation of basis" method, which

reduces the degree of freedom by the number of solids while solving the simultaneous

equations. However, using these chemical equilibrium concept requires enormous amount

of thermodynamic and component data of the metals and species and the species under

consideration. Most of the computer programs available for the computation of chemical

equilibrium composition have extensive collection of these data.

2.4.2 Approaches for Metal Speciation Analysis

Chemical equilibrium problems involving only a few species which can be solved

manually by using mass law and mole balance equations and charge balance equations.

This is often done by making simplifying assumption and using log concentration

diagrams. However, for more complex problems, as for example, where many species are

involved (say more than 15 to 20), where several solids are present, and where

equilibrium between the atmosphere and water must be considered (open system),

computer solutions are required. Most of the computer programs available basically solve

the mass balance and mole balance equations simultaneously by using various convenient

systems. In general there are two basic approaches as mentioned earlier are

I) Direct minimization of Gibbs free energy, and

2) Equilibrium constant approach.

Equilibrium constant approach is more widely used for solving chemical equilibrium

problems. Basic solution scheme for equilibrium constant approach is as follows.
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• Choose a set of components: components are a set of chemical entities that

can be used to provide a complete and unique stoichiometric formula for each

chemical species in the system.

• SpecilY total concentration for components.

• Guess final concentration of components.

• Calculate Gibbs free energy composite of system from the equilibrium

constant.

• Solve mass-balance equation by iteration.

According to this approach, a set of components is first defined in such a way that every

species of the system can be written as the product of a reaction involving only the

components. So components can be written as the product of a reaction involving the

other components. Chemical equilibrium problem involving components, M'+ ,HL and H+

(here, M'+ represents any metal iron, H+ hydrogen ion and L any cationic ligand),can be

taken as an example. Possible species that can be formed by above components are M2+,

MOH\ HL, ML+ and OR. The mass action equations for these species are:

[M'+][H+l1 K1 = [MOW]

[HL][Wll K,= [L"]

[M2+][HL][H+]K3 = [MV]

[Wl1 K4 = [OH"]

where, Kl, K2, K3, K4 are equilibrium constants of the above equations. Algebric

description ofthe above equilibrium problem can be given as follows:

T = [TM THL TH]

X [ [ M'+] [HL] [W] ]
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Where,

1 0 0 [M" ] 1.0
1 0 -1 [MOW] K1

0 1 0 [HL] 1.0
A 0 1 -1 C = [r] and K = K,

1 1 -1 [ML'] K,
0 0 1 [W] 1.0
0 0 -1 [OW] K4

T = Total concentrations of components

x = Free concentrations of components

A = Stoichiometry matrix

C = Concentrations of species

K = Stability constants of species

The next step for solving chemical equilibrium problem is to specify the total

concentrations of each component (T). Initial guess for X is then made. Concentrations

of species (C) are then computed using mass law equation:

10gC, =logK, + l::aij 10gXj +a}[,CO,
j

where, 1 = I to M and M = Number of linear independent constrains (representing

conservation of mass and charge balance equation), and j =Number of species.

From species concentration (C;) error in material balance equation for each component is

then computed using following equation:

r; = 2:>ij C, -Tj
j

Then an improved guess for X is obtained by using the multi-dimentional Newton-

Raphson iteration technique. Iteration procedure is carried out until elTor in material

balance equations (Y) is small.
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Various computer programs (e.g., MINTEQA, MINEQL +, MICROCOL) are available

for chemical equilibrium analysis of complex systems. MINEQL+ uses an approach

similar to that described above. The solution procedure of an equilibrium problem using

MINEQL+ can best be described by the following flow chart :

ISPE(YFY~

I GUrs]
ICOjUTEd

COMPUTE ERROR IN MASS

Y)

GUESS X BY USING TH

MULTI-DIMENTIONAL

NEWTON-RAPHSON

ITERATION TECHNI UE

Fig. 2.3 : Flow chart for solving equilibrium problem using MINEQV

2.5 COPPER PATHWAYS IN WATER AND AQUATIC SEDIMENT

The distinguishing property of many toxic substances is their affinity to surfaces, which

is provided by the solids in suspension and in the bed. The sorptive interaction between

the dissolved and particulate components tends to a state of equilibrium. The time

required to achieve this condition may vary markedly depending on the characteristics of
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the chemical and sorbent. If the rate at which equilibrium is achieved is much faster rapid

than the other kinetic routes indicated, i.e. decay, volatilization, settling and exchange

with the bed, a state of instantaneous equilibrium may be assumed. The settling and

exchange factors lead to an expression that relates the concentration of the chemical in

the water and the bed. The principal physical and chemical phenomena are

1. Sorption and disorption between dissolved and particulate forms in the water column

and sediment.

2. Settling and resuspension mechanisms of particulates between the sediment and the

water column.

3. Diffusive exchange between the sediment and the water column.

4. Loss of chemical due to biodegradation, volatalization, photosynthesis and other

chemical and biochemical reactions.

5. Gain of the chemical due to chemical and biochemical reactions.

6. Transport of the toxicant due to advective flow transport and dispersive mixing.

7. Net deposition and loss of chemical to deep sediment.
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Fig.2.4: Schematic diagram for Cu(II) pathways.

2.6 LITERATURE REVIEW

2.6.1 Case Study

Sedimentary Evidence/or Decreased Heavy-Metal inputs to the Chesapeake Bay

The study was perfom1ed by Owens and Comwel (1995) to determine whether two

decades of environmental regulations have made a difference in deposition of the amount

of trace metal in Chesapeake bay.

In this study two assumptions were adopted to assess the accumulation of heavy metal in

the system, those are:
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1. Age of the sediment is known

2. Concentration of heavy metal reflect the temporal input function.

Two sampling sites were chosen in Chesapeake bay. Undisturbed box cores of 50 em

were taken with IS em diameter acrylic tubes. The cores taken from two sampling sites

consisting of soft fluid sediments and were dried at a temperature of 65° C for 4 days.

Then the sediment samples were grounded. All trace metal samples were digested in aqua

regia. Trace metal analysis were carried out via flame Atomic Adsorption

Spectophotometer, with deuterium background correction.

Sedimentation rates were calculated using both Constant Initial Contraction model

(CIC) and Constant Rate of Supply model (CRS). The CIC model assumes that

sedimentation rate and flux of 2loPbto the sediment are both constant while CRS model

requires constant 2loPb fluxes, but accommodates variable sedimentation. Cumulative

mass ( gm cm2 ) was used as the depth scale for estimating the mass sedimentation rate

(gm m' yr.l ).

In this study, it was found that mid bay channel sediments experience seasonal anoxia

which minimizes activity of bioturbating organism. In modem sediment, there is absence

of biological structures. Sediment resuspension is moderate in mid bay channel sites.

Pore water analysis show high concentration of hydrogen sulfide, several em into thp

sediment. On the basis of solubility products of metal sulfides, the metal should be

immobile after being buried below the top few em of sediment, solution complexes with

sulfur and organic matter may enhance metal solubility.

Sediment copper, zinc and lead profiles from both cores followed same pattern beginning

with a steady increase from the early 1900s to late 1970s. Lead concentration in both

cores peak in the mid 1970s and then drop off sharply to the present. In case of copper

and zinc, concentration maximum occurs several years earlier than that of lead. Core of

both stations have " Pb profile " that are generally exponential. Evidence that the

subsurface Pb peak is not a diagenetic feature is found by comparing these data with
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those colIected with the previous study 16 years earlier. Other studies from the 1970s

show similar profiles. The 1975 data show a near surface peak in Pb concentration,

consistent with 1991 cores which show a subsurface peak corresponding to the mid

1970s. As with Pb peak concentrations are found in the 1960s-1970s time frame, with the

lower part of our profiles consistent with those colIected in 1975.

Profiles for copper, lead, zinc showed an increase in metal concentrations from the

beginning of the century to the early 1970s, and a decrease in more recent years. So it

shows that significant progress has been made in decreasing trace metal contamination in

the mainstem Chesapeake Bay.

Trace metal speciatioll ill the Yamaska alld St. Frallcois rivers (Quebec)

This study was done by Tessier, CampbelI and Bisson in 1979. Water and suspended

sediment samples were colIected at 12 stations on Yamaska and St. Francois rivers. In

this study metal concentrations in filtered water samples were determined by atomic

adsorption spectophotometry and quantitation was achieved by a standard addition

teclmique. Suspended sediment samples were subjected to sequential extraction

procedure designed to partition the particulate trace metals into five fractions:

1. Exchangeable metals (fraction I): sediment sample was extracted for 10 minutes with

1M MgCI2 at pH 7 .

2. Metals bound to carbonates (fraction 2): is the residue from fraction I leached for 5h

with 1M NaOAC adjusted to pH 5.0 with acetic acid .They may be associated with

sedimentary carbonates, either as separate phases or in structural positions within calcium

or magnasium carbonates.

3. Metal bound to Fe-Mn oxides ( fraction 3 ) : is the residue from fraction 2 was

extracted for 6h at 96 DCwith 0.04 M NH,OH.HCI in 25% VN HOAC and are associated

with Fe and Mn oxides.
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4. Metal bound to organic matter ( fraction 4 ) : is the residue from fraction 3 was

extracted at 85 DCfor 5h with 30% H,O, adjusted to pH 2 with HNO, and then at room

temparature with 3.2 M NHpAC in 20% (VIV) HNO,

5. Residual Metals (fraction 5 ): The residue from fraction 4 is dried and fused with

lithium metaborate ; the fused material was dissolved in a minimum amount of 12N

HCL and then diluted to a final acid concentration of 1.2 N and are associated with

detrital silicate minerals, resistant sulfides, and refractory organic materials.

Analysis of the results obtained in this study indicate that total soluble and particulate

trace metal concentrations present great spatial and temporal variations as do levels of

suspended solids. Distribution of a given metal among the various fraction of the

particulate matter is relatively constant.

Copper was found predominantly in soluble forms. Mean concentration of dissolved

copper in the Yamaska and St. Francois river basins were 1.2 and 8.6 ug/l respectively.

Total particulate copper are found in the residual (41 & 22%), Fe-Mn oxides (20 and

12%) and carbonate (8 and 14%) fractions whereas much lower percentages are found in

the exchangeable fraction (1 and 1.2%). Particulate copper distribution is the percentage

of the total metal bound to organic matter (31 and 52%) because - for most legands

copper exibits the highest stability constants of all the metal considered.

Sequential extraction process of the present study highlights areas where anomalously

high concentrations of particulate trace metals may adversely affect water quality and

biota. Application of the procedure to suspended sediment samples yielded reasonably

constant trace metal speciation patterns for each metal.

Water Quality Modeling (Speciation Modeling o/Copper) in South Sail Frallcisco Bay

The study in South Sanfrancisco Bay, California was conducted by Kevin J. Novo Gradac

and P.F. Wang in 1984 because of increased concentration of metal and, thus an increased

bio-availbility to Bay organisms. A scheme for estimating the distribution of copper
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among dissolved and adsorbed phases as well as the process controlling the partitioning

of copper using geochemical speciation model MINTQA2 was used.

The diffuse-layer methodology and constants from Dzombak (1986) had shown to yield

excellent results when modeling copper soption to an amorphous iron oxyhydroxyde

phase. In the present study it was assumed that amorphous iron oxyhidroxide phase

would be able to sorb copper more strongly than would particulate organic matter.

A dataset having particulate organic matter (POC), dissolved organic matter (DOC),

dissolved copper, suspended particulate matter, published by Kuwabara et. at. (1989) was

used. The values were reported for a total of 20 different samples that varied specially

and temporally. The parameters from their dataset were used to calculate molre, , moIre,

(site densities), DOC, CU'ot,1for three different fre (weight fraction of Fe in the sediment)

values that are employed in MINTEQA2 modeling. A number parameters were held

constant including constant pH of 7.9 and the solution was assumed to be in equilibrium

with carbon dioxide in the atmosphere.

The percentage of dissolved copper was predicted by MINTEQA2 for three scenarios of

amorphous iron content ( 3.15, 4.15, 8.3 g Felkg ) in the suspended sediments are

compared to measurements published by Kuwabara et al. (1983). The predicted values

are within I% of the actual values which indicate errors in predicted percentages of

dissolved copper are small enough to adequately model the distribution of copper based

on - DOC, suspended sediments, CUtobland dominant sorbent for copper in the suspended

sediments is an amorphous iron oxyhydroxide phase.

In case of speciation of copper the model predicts a number of dissolved copper species

which are Cu., (2.3%), Cu(OH), ('0)' (65.4%), CuCO, ('0) (3.5%), Cu-sorbed (22.5%), Cu-

DOC complex (4.5%). Since organic carbon copper complex is less than 5% of the total

copper, it can be assumed that DOC is not very important toward modeling of copper

distribution and an iron hydroxide phase controls the amount of dissolved copper levels.
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2.6.2 Other Studies:

Sylva (1976) studied the copper speciation in aquatic systems by considering inorganic

and organic complexation, adsorption and precipitation processes. The author

investigated a given aquatic system with fairly known chemical composition and

equilibria collected from literature. Analytically, the equilibrium condition was achieved

by simultaneously solving the equilibrium mass balance equations using a modified

version of computer program COMICS.

The major findings from Sylva's (1976) study are that in the absence of organic

complexing agents, hydrolysis and precipitation are the reactions dominating the

chemistry of copper in the pH range of the natural aquatic system. According to the

author, the major process of removal in this case was precipitation of malachite which

was affected by the pH of the system. The kinetics of this process was relatively slow.

The author however inferred that the chemistry of a system changes to a greater extent

depending on the presence of organic substances. Thus speciation of copper can be

expected to vary from system to system and within one system over a period of time.

According to Sylva (1976) adsorption processes biotic and abiotic, are expected to

remove soluble copper from the aquatic system very rapidly. He concluded that in most

aquatic systems the processes of adsorption and precipitation are capable of reducing free

copper levels to very low concentration even if the initial concentration is very high.

Kuwabara et. al. (1989) studied the seasonal and spatial distribution of copper, zinc and

cadmium for south San Fransisco Bay. According to their study copper levels in water

were related to the inherent dissolved organic carbon and is controlled by complexation.

They also observed a reverse correlation between dissolved copper and salinity and

concluded that the level of dissolved copper concentration is directly related to the

sorption process.

Geesey et. al. (1984) studied the effect of river flow on distribution of copper species

and other metals in Still Creek and the Fraser river in British Columbia. The author
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concluded that an increased river flow rate would result a loss of soluble reactive copper

from the sediment into the water column. A reversal of the situation will occur if the flow

were reduced, as a result soluble reactive copper will increase in the sediment with the

reduction of river flow.

A number of investigative research has been performed to assess the distribution of

heavy metal in water and sediment. Bradford and Luoma (1980) studied the concentration

of copper, zinc, amorphous iron, and organic carbon in oxidized surface sediments of the

South Bay. According to their report, the southern most region of south bay was most

heavily contaminated with copper and zinc. The area was identified to have the slowest

circulation. It was found that the copper concentration is related to parameters such as

percent of clay particles, amount of organic material and amorphous iron. The major

portion of copper data obtained could be expressed with a regression equation as a

function of particle size and amorphous iron.

Knowledge gathered from the literature review helped in the methodology of collection,

preservation, and analysis of samples of water and sediment of this study.
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CHAPTER-3

METHODOLOGY

In this study, water and sediment samples were collected from different key locations of

the Ramna and the Dhanmondi lakes. Some of the water quality parameters were tested

in-situ and rest of the water quality parameters and the sediment quality were measured at

the Environmental Engineering Laboratory of BUET. Locations of the two lakes can be

found in the map of Dhaka city.

3.1 SAMPLING LOCATIONS

Selecting the number of sampling sites of the water body depends on number of factors

such as frequency of sample collection, physical limitation of the laboratory, spatial

variation of pollutant, number of sewage inlet into the lake. Selection of sampling

location was based on the following criteria:

i) Sampling locations should be chosen such that water samples are adequately

representative of the system as a whole. In this respect, these zones or areas should be

selected where it is expected that complete mixing of influent stream has occurred.

ii) Sampling locations should be selected in such a way that they cover the entire lake in

order to obtain a clear understanding of the spatial variation of water and sediment

characteristics.

iii) Samples should be collected from all locations that are in close proximity of the inlet

points of the lakes

At the Ramna lake, water samples were collected from four preselected sites and in the

Dhanmondi lake sample were collected from seven sites as shown in Fig. 3.1 and 3.2.

Sediment samples were collected from key points (I and 3) in Ramna lake and three

points (2,3,7) in Dhanmondi lake.
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3.2 SAMPLING PROGRAM

The composition of natural water of lakes and reservoir is always changing. Sometime

the variation in composition is periodic (daily, seasonal, etc.). Seasonal variation in

composition is mainly caused by rainfall, runoff, scorching sunshine, inflow from other

sources (e.g. stream, industrial effluents, sewage, etc.). Daily variation in composition is

due to biological process as needing the presence of sunlight. The water quality of lakes

and reservoirs are greatly influenced by rainfall, runoff, and flow from tributaries. In the

present study of copper contamination only physical and chemical parameters are of

primary interest, microbiological characteristics are not investigated.

Two phases of sampling campaign were undertaken in the Ramna and the Dhamnondi

lakes. During the first campaign, starting from April, 1996 samples were collected from

both the lakes. The second sampling campaign was carried out in January, 1997. During

this second sampling campaign, water as well as sediment samples were collected from

pre-selected points in both of these lakes. In this study,

i) Dry period is considered to cover the end of spring to the end of summer (April and

May) with some rainfall for almost three or four months.

ii) Wet period covered the monsoon (June-July) with heavy rainfall, and

iii) Interim period covered the summer (August-January) with less rainfall.

3.3 SAMPLING METHOD

Water sample collection: Plastic containers were used to collect water samples during the

sampling campaign. The containers were washed with dilute nitric acid and dried before

water collection. At each sampling site, two liters of water sample were collected. In-situ

temperature and pH of the sample at that location was also recorded. Temperature was

measured with alcohol thermometer and pH was measured by digital pH-meter. The

close-mouthed plastic bottles were submerged to mid depth at each location and opened,

after filling the bottle it was capped and brought back to the surface.
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In this study, water samples collected from mid depths at all sampling locations were

considered to be representative of that location. For non-flowing lakes like Ramna and

Dhanmondi lake, various chemical constituents in a water column can be considered to be

in equilibrium at any location. However, speciation and distribution of chemical

constituents in water close to the bottom sediment may, to some extent, differ from the

water at the surface of the lake. Considering time and financial constrains, it was decided

that water sample would be collected from mid depth at all locations.

Bed sediment collection: Two sampling sites in Ramna lake (locations 1&3) and three

sampling sites in Dhanmondi lake (locations 1,2&5) were chosen for this purpose.

Sediment sample from bed is collected with the help of I ft hollow tube sampler prepared

at the environmental engineering laboratory. The sampler is driven into sediment bed

upto I ft depth. The pipe is then pulled out in a way that sediment trapped into it remains

within the pipe. The sediment sample along with the sampler was air dried in the

laboratory. After 3/4 days when the sediment sample became hard, the soil column is

taken out from the pipe. Two distinctly different colors were observed in each sediment

sample indicating new layer. The columns were cut along the line of separation of two

different colors. Depth of each soil sample, having different texture, was then measured.

It was observed that upper layer of the sediment column was darker than the bottom

layer. Sediment column of each layer is then grinded softly into their smallest natural

particle/grain size by pressing with finger. The grain size distribution curves for each

sediment was developed following sieve analysis.

3.4 PRESERVATION, STORAGE, PREPARATION AND ANALYSIS OF

SAMPLES

Sample preservation is difficult because almost all preservatives interfere with some of

the tests. Some determinations are more likely to be affected than others by the duration

of sample storage before analysis. Certain constituents are subjected to loss by adsorption

on the sides of glass container walls. So, polethene bottles are preferred for storage of
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samples for analysis of metal ions as these bottles are less likely to contaminate the

sample than glass bottles.

Immediate analysis is ideal for reliable results. Storage at low temperature (4° C) is

perhaps the best way to preserve most samples until the next day. Sample preservation

techniques were followed as closely as possible to that of standard procedure of

preservation.

Analysis of non-metallic components in water include determination of chloride, sulfate,

pH, alkalinity, hardness, ammonium, nitrate, phosphate, total solids, suspended solids. pH

was determined at the sampling locations using digital pH meter. Total solids, suspended

solids, alkalinity, chloride and sulfate contents were determined by volumetric methods

according to the procedure specified in Standard Methods (Standard Methods, 1985).

AnmlOnium, nitrate and phosphate were determined by using a visible ultraviolet

spectrophotometer (HACK, Model no. DRlEL4).

Water as well as sediment samples were tested for total copper concentrations. Analysis

of metal ions in water and sediment samples were performed by an Atomic Adsorption

Spectrophotometer (Shimadzu Corporation, Model no. AAS 680).

Before analyzing the samples for metal concentration, AAS was calibrated with standard

solution of that specific metal. Water and sediment samples are digested in order to

convert all the metallic forms into ionic state. For digesting water samples nitric acid

(I :3) and hydrochloric acid (1 :3) were mixed in a ratio one to three and was then added to

100ml of water sample. Then it was boiled for about 5 to 10 minutes and the volume was

reduced to about half. When the boiled samples cooled to room temperature, they were

adjusted to 100ml with distilled water and were then filtered. The filtered acidic solutions

were then ready for analysis using AAS.

To digest sediment samples of each grain size, 100 ml nitric acid and 30 ml hydrochloric

acid were mixed with about 10 mg of oven dried sediment sample. Then about 100 ml of
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distilled water was added to the sample and the mixture was boiled for 15 to 20 minutes.

The sample was then allowed to cool for about 30 minutes and substantially adjusted to

500 ml followed by through stirring and filtering. The filtered sample was then analyzed

by AAS. The metal content of the sediment sample in mglkg of dry weigh or in ppm is

then calculated by,

M = C x L/ W x 10J -----------------(3.1 )

where

M = Metal concentration in mglkg (ppm)

C = Metal concentration in mgll found by AAS

L = Volume of sample in liter (0.5 liter in this case)

W = Mass of sediment in gm (10 gm in this case)

3.5 COLLECTION, PREPARATION, AND ANALYSIS OF FISH SAMPLES

Heavy metal deposited in the sediment column as well as those persisting in the water

column in large quantities are readily available to aquatic biota. Specially, the bottom

feeding fish are more likely to accumulate in different parts of the body.

In order to investigate the bioavailability of copper in the Dhanmondi lake a bottom

feeding fish sample namely, Nilotika, was collected. Due to lack of any specific literature

for extraction of heavy metal from fish tissues, an approach similar to that of extraction of

heavy metal from sediment was used. However, instead of per unit of dry mass the

concentration per unit wet mass of various parts ofNilotika fish was determined.

Various parts of the fish (e.g. gills, muscle, skin, stomach, external bones and head

muscles) were first separated and weighed. To digest these parts, 25 ml of HNOJ and 50

ml ofHCI were mixed with each separated parts. Then about 250 ml of water was added

to each samples and each was boiled for about 15 to 30 minutes followed by slow

cooling. Boiling of the samples was done carefully, because, boiled water may spill off

from the beaker and cause accident and errorious result. The volume of each cooled
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samples was measured before filtering. Copper concentration in the filtered samples was

measured by Atomic Adsorption Spectrometer. The metal contents of various parts of the

fish in mglkg (wet mass) were then determined by using Eqn. (3.1), with W bearing the

wet mass of each part of the fish in gm.

3.6 PREPARATION AND STORAGE OF STANDARD COPPER SOLUTION

A standard metal solution of copper was prepared in the optimum concentration range

by appropriate dilution of the stock metal solution. For dilution deionize water

containing 1.5 ml cone. HNO, /L was used.

3.7 VISIBLE AND ULTRAVIOLET SPECTROMETRY

Determination oflow concentrations by visible ultraviolet spectrometer is based on Beer -

Lambert law given by;

A = Eel

where,

A = absorbance of radiation at a particular wavelength; = log ( loll )

10 = intensity of incident radiation;

I = intensity of transmitted radiation;

E = proportionality constant ( molar absorptivity; I mol -1 em -1 ) ;

c = concentration of absorbing species ( mol/L )

I = path length of light beam (em)

The instrument used to measure the absorption of light can range from sophisticated

laboratory instruments, which can operate over the whole visible-ultraviolet range to

portable colorimeters using natural visible light, which are used as a field instrument.
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This makes absorption spectrometry one of the most useful and versatile technique to an

environmental analyst.

None of the common ions in water absorb light in the visible region of the spectrum

(natural water is usually colorless). The technique involves the production of light

absorbing derivatives of these ions. This can be performed for almost all the common

ions (except sulfate) and also ammonia. Chloride, fluoride, nitrate, nitrite, and phosphate

can be analyzed after formation of derivatives.

As an example of the technique, the procedure for phosphate involves the addition of a

mixed reagent (sulfuric acid, ammonium molybdate, ascorbic acid, antimony potassium

titrate) to a known volume of sample, diluting to volume, shaking and leaving for 10 min.

A blue phosphomolybdenum complex is produced, the absorbance of which is measured.

The concentration is calculated using a predetermined calibration graph derived from

standard solutions treated in the same way. Similar procedure can be followed for other

anions, with different set of reagents for different anions.

3.8 Atomic absorption spectrometry (AAS)

In this method, a light beam of correct wavelength for a particular metal is directed

through a flame. The flame atomizes the sample, producing atoms in their ground

(lowest)

electronic energy state. These are capable of absorbing radiation from the lamp.

Although the equipment appears completely different from other forms of adsorption

spectrometry, the law by which absorption of light is related to concentration is similar to

that used for absorption of visible and ultraviolet radiation, which is the Beer-Lambert

law. The concentration range over which the law applies for Atomic Adsorption

Spectrometry (AAS) is usually 0-5 mg/!. In this study, AAS has been primarily used

for analysis of metal ions.
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Atomic absorption is indeed sensitive and, if it is used for more common ions, the water

samples would have to be diluted before analysis. Calcium and magnesium are analyzed

by flame AAS, often after sample dilution. If the technique is used for sodium and

potassium analysis, lower sensitivity absorption lines, rather than higher sensitivity lines,

would be used in addition to diluting the sample. Atomic emission (flame photometry) is,

however, the preferred technique of these ions.
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CHAPTER-4

DATA ANALYSIS AND RESULTS

4.1 STATUS OF WATER OF DHANMONDI AND RAMNA LAKES

Reservoirs and lakes receiving domestic and industrial pollutants, storm sewer discharges

through different inlets are susceptible to heavy metal contamination. Dhanmondi and

Ramna lake, located at the heart of the city, receive considerablc amount of pollutants

from these sources. Both of these lakes are widely used for bathing, swimming, fishing

and other recreational purpose. Copper contamination is, therefore, a major concern for

both Dhanmondi and Ramna lake especially because of the fact that these lakes have very

little scope of self purification.

Heavy metals, such as copper, are usually present in natural water in various forms, e.g.

as free ion, as complexes with organic and inorganic legands, or in sorbed state. All the

chemical forms of a specific heavy metal are not toxic to aquatic biomass or human. In

reality, only a few of these are toxic when threshold concentrations are exceeded. The

chemical forms in which copper would exist in Ramna and Dhanmondi lake depend on

chemical composition of water, e.g., pH, presence of organic and inorganic legands, and

adsorbents. Thus characterization of the lake water in as much detail as possible is

essential to evaluate copper contamination. To achieve that objective the spatial and

seasonal variations various chemical constituents in Dhanmondi and Ramna Lake have

been studied extensively. A detailed description of the same is given in the following

sections.

4.1.1 Spatial and Seasonal Variation of Copper in Dhanmondi and Ramna Lakes

The average total concentration of copper in the water and adsorbed on suspended

sediment of both the lakes are shown in Fig 4.1 and fig 4.2. Table 4.1 and Table 4.2 show

the numerical values of these analysis. It is evident that copper concentrations in water
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during a particular season does not vary significantly and remain more or less uniform

during dry period as well as wet period. There is a slight variation of concentration of

copper at the sampling locations in the intermediate period. Overall, it can be said that

concentration of copper in water is uniform throughout the lake. However, concentration

of copper in lake water during dry season is slightly higher than those in other seasons.

Dilution, caused by increased inflow of rain water and surface run-off during wet season,

may have caused a decrease in total copper concentration. In the intermediate period, at

the advent of winter season these concentrations seem to follow an increasing trend.

The aqueous copper concentration have been found to vary between 0.186 to 0.21 mg/l in

the dry period, from 0.102 to 0.153 mg/I in wet period and from 0.096 to 0.192 mg/l in

intermediate period in Dhanmondi lake. The same for Ramna lake have been found to

vary between 0.127 to 0.203 mg/l in dry period, 0.07 to 0.165 mg/I in wet period and

0.104 to 0.33 mg/I in intermediate period. Variation of aqueous copper concentration in

the samples collected in different times during a particular period may be attributed to

variations in daily input of copper, sampling and in some cases analytical errors.

Fig 4.1 and Fig 4.2 also shown average concentration of copper in adsorbed to the

suspended solids at the seven sampling locations of Dhanmondi lake and four sampling

locations of Ramna lake during three different periods of the year. Compared to aqueous

copper concentration these are relatively low. Suspended solids consist of hydrous metal

oxides and colloidal organic sorbents usually sorb metal ions causing an increase in the

adsorbed portion in the sediment. Concentration of copper (any metal ion) on suspended

solid is also dependent on pH, with higher pH promoting sorption.

Seasonal variations of copper adsorbed on suspended solids, do not show any clear trend.

Adsorbed copper concentrations during dry period ranges from 0.02 to 0.153 mg/I, from

0.06 to 0.11 mg/I in wet period and 0.013 to 0.063 mg/I in intermediate period for

Dhanmondi lake. In case of Ramna lake copper concentration in dry period varies from

0.013 to 0.038 mg/I, from 0.006 to 0.025 mg/I in wet period and 0.025 to 0.184 mg/I in

interim period.
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Table 4.1 : Copper concentration (mg/l) of water at different locations in Dhanrnondi Lake

51. Date Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

No. (mgll) (mgll) (mgll) (mgll) (mgll) (mg/I) (mg/I)

UF F UF F UF F UF F UF F UF F UF F

1 4-4-96 .7028 .1044 .3076 .2253 .3077 .2049 .2649 .1930 .2631 .2295 .3079 .2792 .3167 .2913

2 12-4-96 .2472 .2267 .2394 .2230 .2437 .1787 .2469 .2246 .2645 .2528 .1921 .1783 .3171 .2079

3 15-5-96 .2327 .1839 .4663 .1623 .2613 .2029 .1919 .1419 .2206 .1166 .2936 .2460 .3844 .1844

4 17-5-96 .2725 .2135 .230 .2116 .2360 .1809 .2734 .2566 .2323 .1879 .1453 .1419 .257 .1773

5 31-5-96 .2629 .2260 .2060 .1652 .2298 .1604 .1690 .1622 .2540 .2493 .2037 .1993 .2732 .1356

6 4-6-96 .1355 .1139 .2334 .0967 .1428 .0868 .1679 .0941 .1509 .1111 .2014 .1266 .1756 .062

7 7-6-96 .2826 .1883 .2067 .1984 .1847 .1281 .1980 .1354 .2544 .1183 .2087 .1319 .2514 .1441

8 27-1-96 .184 .153 .213 .192 .190 .137 .153 .128 .126 .096 .144 .131 .219 .155

Table 4.2 : Copper concentration (mg/I) of water at different locations in Ramna Lake

5LNO. DATE POINT I POINT 2 POINT 3 POINT4

NF F NF F NF F NF F

I 4-4-96 .2197 .1821 .21 .1868 .1699 .1269 .2172 .2047

2 16-6-96 .0767 .0723 .1803 .1667 .1552 .1260 .1228 .1057

3 27-1-97 .201 .116 .174 .14 .285 .102 .356 .332
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Other cations such as calcium, magnesium, potassium, sodium were also measured for

Dhanmondi lake and are given in table of Appendix A. However, due to instrumental

malfunction these cations could not be measured for the Ramna Lake.

4.1.2 Variation of pH and Temperature

Tab. 4.3 and Fig. 4.3, Fig. 4.4 show variation of pH in lake water at seven sampling

locations of Dhanmondi Lake. Fig 4.5 shows the variation of pH at lake water at four

sampling locations of Ramna Lake. Average pH of lake water in Dhanmondi lake varies

from 6.9 to 8.5 during dry period. In the wet period it varies from 7.3 to 8.5 and in

interim period it varies from 7.2 to 8.7. In Ramna lake pH varies from 7.0 to 8.9 during

dry period, 7.3 to 8.0 during wet period and 7.1 to 7.5 during interim period. Thus it is

apparent that the variation of pH throughout the year in these two lakes is insignificant

indicating a well buffered system. But water of both lakes remain slightly alkaline

throughout the year. pH found during the first sampling campaign was little bit higher

than other periods for both these lakes and pH of dry period is slightly higher than the wet

and intermediate period. High value of pH of the lake water facilitates adsorption and

subsequent sedimentation of copper resulting in accumulation in bed sediment. Although

a number of sampling points are located close to the pollutant inlets (locations 1,2,3,7 of

Dhanmondi lake and location 1 of Ramna lake) and some locations of are covered with

water hyacinth and trees, no significant spatial variation of pH was observed.

Tab. 4.4 and Fig. 4.6, Fig. 4.7 show the variation of temperature of Dhanmondi lake. Fig.

4.8 shows temperature of Ramna lake at sampling locations. It was observed that

temperature of the lake water varies throughout the year. At the beginning of dry period

temperature was found to be less than 30° C which increased with time. The maximum

temperature was recorded in the month of May and June i.e. at the end of dry period and

in wet period. Then temperature decreased below 25° C during intermediate period

(winter).

In Ramna lake at all locations temperature was higher in dry period. It decreased during

wet period and temperature was lowest during intermediate period. Spatial variation of
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Table 4.3: Variation of pH at different periods at the sampling locations.

DHANMONDI LAKE
Sampling Date P-I P-2 P-3 P-4 P-5 P-6 P-7

I 4-4-96 8.4 8.5 8.4 8.4 8.4 8.4 8.4

2 12-4-96 6.9 7.1 7.0 7.0 7.0 7.1 7.1

3 15-5-96 7.9 7.4 7.5 7.4 8.4 7.6 8.1

4 17-5-96 7.88 7.7 7.5 8.0 8.2 7.8 7.9

5 31-5-96 7.3 8.3 8.2 7.9 7.4 8.1 8.2

6 4-6-96 7.7 7.5 7.4 7.4 7.5 7.4 7.5

7 7-6-96 7.8 7.3 7.6 7.4 8.5 7.8 8.3

8 27-1-97 7.8 7.2 7.3 8.7 8.1 7.3 8.3
RAAINA LAKE

Sampling Date P-I P-2 P-3 P-4

1 24-5-96 8.7 8.9 7.0 8.9

2 16-6-96 7.3 7.4 8.0 7.5

3 27-1-97 7.1 7.5 7.5 7.4

Table 4.4: Variation of Temparature (oC) at different periods at the sampling locations

DHANMONDI LAKE
Sampling Date P-I P-2 P-3 P-4 P-5 P-6 P-7

I 4-4-96 29 28 29 28 29 29 29

2 12-4-96 31 31 31 31 30 31 31

3 15-5-96 32 31.5 32 30.5 34.5 32 32.5

4 17-5-96 32.5 32.5 31.5 32.5 33 32 32

5 31-5-96 32 32 32.5 32.5 31.5 32 32

6 4-6-96 30 30 29 28.5 29 29 29

7 7-6-96 32.5 32 31.5 30.5 32 32 32

8 27-1-97 20.5 19 19.5 20.5 19.5 20 20
RAAfNALAKE

Sampling Date P-I P-2 P-3 P-4

1 24-5-96 35 34.5 35 34.5
2 16-6-96 33 33.5 33.5 33
3 27-1-97 21 20 20 20
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temperature was observed in dry period(l°C to 6.5°C) but temperature do not vary

significantly for other locations in other periods.

4.1.3 Variation of Alkalinity and Chloride

Variation of alkalinity at all sampling points of Dhanmondi lake are shown in Tab 4.5,

Fig 4.9 to Fig. 4.10. That of alkalinity at all the sampling locations of Ramna lake are

shown in Fig. 4.11. Distribution of chloride in Dhanmondi lake at all sampling locations

are shown in Fig. 4.12 to Fig. 4.13 and Fig. 4.14 shows the same at Ramna lake. Tab. 4.6

shows the numerical values of these analysis.

It can be observed that in both of these lakes, alkalinity is high in dry period and it

decreases in wet period and begin to increase again at the onset of intermediate period

(winter). The decrease of alkalinity during wet period may be attributed to dilution effect

during the wet season resulting from rainfall and surface run off. In Dhanmondi lake,

during dry period, alkalinity ranges from 45 mg/I to as high as 160 mg/l; in wet period

alkalinity ranges between 34 mg/l to 120 mg/1. In the interim period alkalinity again

increases which ranges from 123 mg/I to 144 mg/1. In Ramna lake alkalinity in dry period

ranges from 95 mg/I to 114 mg/I; in wet period 85 mg/I to 99 mg/I and in intermediate

period 98 mg/I to III mg/1. Similar trend is also observed in case of chloride

concentrations. Chloride concentration in all sampling locations of Dhanmondi lake

during dry period ranged from 45 mg/I to 180 mg/1. During wet period concentration of

chloride is within 34 mg/l to 58 mg/I and in interim period it is from 55 mg/I to 63 mg/1.

In Ramna lake concentration of chloride in dry period ranges from 37 mg/l to 48 mg/l, in

wet period 23 mg/l to 32 mg/I and in interim period 30 mg/I to 43 mg/1. Slightly elevated

level of chloride were found in the southern part of the lake (particularly at location

1,3,6). Elevated chloride concentration indicate sewage pollution in Dhanmondi lake may

be caused by discharge of sewage through inlet points in the southern part of the lake.

Since carbonate, bicarbonate, chloride form complexes with copper presence of these

species are likely to influence speciation of copper.
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Table 4.5: Variation ofalkanity at different periods at the sampling locations:

DHANMONDI LAKE

Sampling Date P-I P-2 P-3 P-4 P-5 P-6 P-7
I 4-4-96 146 140 152 125 160 150 115
2 12-4-96 140 142 142 120 144 138 125
3 15-5-96 . 128 126 124 95 136 122 90
4 17-5-96 126 120 '118 90 124 116 90
5 31-5-96 118 114 114 45 122 114 50
6 4-6-96 106 106 106 50 120 108 48
7 7-6-96 90 74 72 37 95 87 34
8 27-1-97 137 137 125 126 126 123 144

RAMNA LAKE

Sampling Date P-I P-2 P-3 P-4
I 24-5-96 95 98 114 106
2 16-6-96 92 91 99 85
3 27-1-97 110 98 103 III

Table 4.6: Variation of Chloride (mg/l) at different periods at the sampling locations:

DHANMONDl LAKE

Sampling Date P-I P-2 P-3 P-4 P-5 P-6 P-7
1 4-4-96 120 120 120 125 110 165 115
2 12-4-96 180 135 145 120 105 160 125
3 15-5-96 120 1.05 115 95 70 100 90
4 17-5-96 100 105 80 90 90 90 90
5 31-5-96 45 53 55 45 45 53 50
6 4-6-96 53 58 55 50 53 55 48
7 7-6-96 40 43 40 37 35 44 34
8 27-1-97 53 55 58 63 58 60 59

RAMNALAKE

Sampling Date P-I P-2 P-3 P-4
I 24-5-96 48 38 37
2 16-6-96 23 25 24 32
3 27-1-97 43 34 30 30
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4.1.4 Variation of Nitrate and Phosphate

In this study, nitrate and phosphate tests were performed for limited number of samples

as analysis could not be performed on all samples due to technical difficulties. Test

results are given in Table 4.7. Nitrate concentration in Dhanmondi lake is around 2.03

mg/I while in Ramna lake it ranges from 0.5 to 8.2 mg/I. In case of phosphate the

concentration ranges from 0.4 to 0.82 in Dhanmondi lake while 0.76 to 5.2 mg/I in

Ramna lake.

4.1.5 Variation of Sulfate

Tab. 4.8, Fig. 4.15 and Fig. 4.16 show seasonal variation of sulfate at different locations

ofDhanmondi lake. Sulfate concentration during dry period varies from 13.4 to 118 mg/l,

12.5 to 145 mg/I in wet period, and 38.4 to 67.2 mg/I in intermediate period in

Dhanmondi lake. Concentration of sulfate at different periods at sampling locations

Ramna lake are shown in Fig. 4.17. This concentration ranged between 22.8 to 60.5 mg/l

in dry period, 42.2 to 78.7 mg/I in wet period and 36.5 to 52.8 mg/I in intermediate

period. In Dhanmondi lake, it was observed that at the end of dry period (day 5) and wet

period, concentration of sulfate is relatively higher than other period. Concentration of

sulfate is also high during wet period in Ramna lake. This probably indicates that

atmospheric deposition from automobile exhaust and industrial emissions are the major

source of sulfate in surface water. Increased rainfall at the end of dry period and in wet

period brings in more sulfate into the lake that overcompensates the dilution effect. Since

sulfate is known to form chemical complexes with copper, its presence is likely to

influence speciation of copper in water.
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Table 4.7: Variation of Phosphate & Nitrate at different periods at the sampling locations:

DHANMONDl LAKE
Sampling Date P-I P-2 P-3 P-4 P-5 P-6 P-7
I 4-4-96
2 12-4-96
3 15-5-96
4 17-5-96 0.4
5 31-5-96
6 4-6-96
7 7-6-96 0.8 .0.55 0.82 0.55
8 27-1-97

RAMNALAKE
1 24-5-96 1.6(P),

1.3(N)
2 16-6-96 5.2(P),

8.2(N)
3 27-1-97 0.76(P),

05(N)

Table 4.8: Variation of sulfate (mg/I) at different periods at the sampling locations:

DHANMONDI LAKE
Sampling Date P-1 P-2 P-3 P-4 P-5 P-6 P-7

1 4-4-96 37.1 35.5 16.3 106.6 79.7 20.2 37.4

2 12-4-96 28.8 34.6 72 30.7 67.2 71 57.6

3 15-5-96 17.28 32.6 30.7 59.5 25 19.2 44.2
4 17-5-96 27.84 33.6 13.4 56.6 22 24 24

5 31-5-96 110 68 80 114 110 118 110
6 4-6-96 34.6 27.8 80.6 68.2 12.5 59 81.6

7 7-6-96 37.4 62.4 39.4 51.8 89.3 78.7 145

8 27-1-97 46.1 60.5 67.2 61.5 57.6 67.2 38.4
RAMNALAKE

Sampling Date P-1 P-2 P-3 P-4

1 24-5-96 22.8 44.1 60.5 52.8
2 16-6-96 49.9 42.2 78.7 52.8

3 27-1-97 36.5 45.1 42.2 52.8
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Fig. 4.17: Seasonal variation of sulfate at sampling locations
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4.2 EQUILIBRIUM SPECIATION

4.2.1 Chemical Speciation and Equilibrium Model

For a particular water body, "perfect" understanding of the chemical behavior of natural

waters would require a knowledge of the concentration of all chemical species at all time

and in all places. However, it is often justified, for all practical purposes, to assume that

the reactions occurring in the system have reached equilibrium. Chemical Equilibrium

often provides a good approximation of the compositions of natural waters. It also

provides information on the direction of spontaneous changes.

Many chemical reactions taking place in natural water are quite fast and can be

considered to be at equilibrium. For example, the acid base reactions of carbonate species

are complete within seconds or minutes, well within the time frame for most of our

observations. By ignoring slow reactions, such as gas exchanger mineral dissolution, one

obtains a partial equilibrium model of the real system, which includes same kinetic

reactions just by the choice of the reactions considered to take place. On the other hand, a

kinetic description of chemical reactions that are neither very fast nor very slow, can

under certain conditions, be superimposed on an equilibrium model for fast reactions.

This is called a pseudo equilibrium model. In this way one can describe the variations in

the carbonate chemistry and pH of a lake by calculating the atmospheric exchange of

CO, with time and maintaining equilibrium among the dissolved species.

The fate of trace pollutants (such as heavy metals) in natural water is often controlled by

adsorption reaction with mobile and fixed adsorbents. Potential adsorbents in aquatic

systems comprise biotic (e.g. algae, bacteria!, zooplankton) and abaoitic particles, both

organic and inorganic. The most common inorganic adsorbents are hydrous metal oxides,

clays and carbonates, while the most common organic adsorbents consists of plant and

animal remains and humic coating on mineral surfaces (Dzombak and Morel, 1987).

Among the inorganic adsorbents, hydrous metal oxides have the highest affinity for ions

because of this charge, reactive hydroxyl surface sites combined with their high surface

area. Hydrous oxides are also prevalent as coating on all types of particles, including
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clays (whose edges have an oxide structure), other mineral phases, particular organic

matter, and even the surface of algal cells.

Absorption on trace inorganic solutes (e.g. heavy metals), mostly irons, is conceived as a

chemical coordinating process involving specific interaction between solutes and reactive

surface groups. Thus inorganic adsorption models must represent these specific

interactions explicitly and also describe the interrelation between electrostatic charge

development on solid surfaces and in adsorption. In recent years, surface complexation

models (SCM), have been widely successful for describing adsorption of inorganic

solutes on oxide surfaces. In this (SCM) approach, adsorbing ions are considered to react

chemically with specific surface hydroxyl groups, after coming through the interfacial

electric field at the surface. The electric field which may be positive or negative, results

from a positive or negative surface charge caused by the chemical reactions at the surface.

Although a number of variation of the basic surface complexion approach have been

developed, the fundamental concepts upon which all complexation models are based

remain the same (Dzombak and Morel, 1987):

• Sorption on oxides takes place at specific coordination sites.

• Sorption reactions on oxides can be described quantitatively via mass law equation.

• Surface change on oxides results from sorption reaction themselves.

• The effect of surface charge on sorption can be taken into account by applying a

correction factor derived from the Electric Double Layer (EDL) theory to mass law

constants for surface reactions.

The most widely used surface complexation models are the Constant Capacitance Model,

the generalized Two layer Model and the Triple layer Model.

Once a system is defined with all its possible variations (i.e. all its chemical reactions

including adsorption reactions), its equilibrium state is uniquely defined. The equilibrium

composition of the system can be determined by solving the mass law and mass balance
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equation simultaneously. A number of chemical equilibrium models (e.g. MINEQL+,

Schecher, 1994) are available for solving chemical equilibrium.

4.2.2 Equilibrium Speciation of Copper in Dhanmondi and Ramna Lakes

Dhamnondi and Ramna lake, situated in the central Dhaka, receive contaminant from a

wide range of sources, such as domestic and industrial waste water, pollutants with

rainfall in the fom1 of surface run-off. In most studies dealing with heavy metal pollution,

only soluble (dissolved) and particulate concentration are reported. Very little

consideration is given to the distribution of trace metals aniong various aqueous species

solid phases. This distribution referred to as speciation is particularly important for trace

metals, because knowledge of chemical forms of a trace metal is essential for estimating

its biological activity, physico chemical reactivity and toxicity. Heavy metals, such as Cu,

are usually present in natural water in various forms, e.g. as free ion, as complex with

organic and inorganic legends or in sorbed state on aquatic particles, such as hydrous

metal oxides and particulate organic matter. All the chemical forms of a specific heavy

metal are not toxic when threshold concentration are exceeded. For example, for any

toxic metals, the thumb rule is that the free fonn is more toxic than the complexed forms.

Chemical composition of lake-water was determined (see Art. 4.1.1 to 4.2.1) at seven

sampling locations in Dhanmondi lake and four sampling locations in Ramna lake. Using

the chemical composition data determined earlier, equilibrium speciation of Cu was

detem1ined using chemical equilibrium model MINEQL+. For each sampling locations

speciation calculation were carried out for dry, wet and intem1ediate period. Speciation

was perfom1ed without considering contribution from sediment and considering

contribution from sediment. Seasonal variation in speciation has been assessed, major Cu

species have been determined and their implication on copper pollution have been

discussed.

In order to find out the species of Cu by using MINEQL+ all the components (anionic and

cationic) that could significantly influence the equilibrium of Cu were selected. The
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components selected were H,O, H+, Cu'+, sot, PO;', Cl', CO,>-, NO,', Ca'+, Mg'+, Na+

and K+. Total concentration of these components were determined for seven sampling

locations ofDhanmondi lake and four sampling locations of Ramna lake (along with their

seasonal variation through laboratory analysis, results presented in Appendix B). It

should be noted that concentration of DOC (dissolved organic carbon) or TOC (total

organic carbon) and could not be determined in this study because of malfunctioning of

the TOC analyzer. Concentration of other heavy metals were not determined, because

preliminary laboratory test results suggested that other heavy metals are present in

Dhanmondi lake in trace amount and are not likely to significantly influence speciation of

copper in lake water.

Adsorption of copper on suspended and bottom sediments was defined by "Two Layer

Adsorption" model using hydrous ferric oxide as sorbent. In the absence of data on

particulate organic adsorbents, it can be reasonably assumed that hydrous metal oxides

are primary sorbents for copper in lake water. To describe sorption copper and other ions

on hydrous oxides, the generalized Two Layer Adsorption model (Dzombak and Morel,

1987) was used. However detailed characterization of oxide adsorbents is beyond the

scope of this study. In fact, such characterization is extremely difficult. In this study, for

describing partitioning (adsorption) of ionic solutes, a simplified approach was taken.

Here adsorption was defined with the generalized two-layer model using hydrous ferric

oxide (HFO) as adsorbent. HFO has very strong affinity for heavy metals such as copper.

It is a major adsorbent in many aquatic environment (Dzombak and Morel, 1987).

Adsorption reaction of a wide range of ionic sorbates including copper have been

characterized and then reactions and their corresponding equilibrium constants have been

included in the database of MINEQL+. Concentration of adsorbent (HFO) was varied in

all cases until simulated concentration of aqueous (or adsorbed) copper matched the

experimentally determined value. The advantage of using this model is that all adsorption

reactions for HFO have already been characterized by Dzombak and Morel (1990) and

are stored in the thermodynamic database of the model. In the absence of detailed

information on adsorbent characteristics, this is a reasonable approximation.
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The lake water was assumed to be in equilibrium with the atmospheric CO,. Although gas

exchange reactions are usually slow, for all practical purposes this is a reasonable

assumption. MINEQL+ has the option for simulating gas-exchange, and variation of ionic

strength, temperature and pH. All the equilibrium analyses were performed for 25°C

temperature, which is the expected temperature at the mid depth of lake water.

The basic assumptions used in the chemical equilibrium calculations, in this study, are:

1. Dissolved and particulate organic matter have negligible influence on speciation of

copper,

2. Adsorption of copper can be described by the generalized two layer model using HFO

as adsorbent,

3. Lake water is in equilibrium with atmospheric CO"

4. Heavy metals other than copper has little influence on copper speciation.

As mentioned in Chapter 3, lake water samples for laboratory analysis were collected

from mid depth, at the sampling locations. At the surface of the lake,

adsorption/desorption to and from suspended solids would control partitioning of copper.

Whereas, close to the bottom sediment, adsorption/desorption to or from the bottom

sediment are also important.

To simulate copper speciation, two models were considered. In the first model, it was

assumed that aqueous copper is in equilibrium with only the copper in suspended

sediment. This would be the case for the portion of water column close to the surface of

the lake. Copper present in the bottom sediment is ignored in this calculations. In the

second model, it was assumed that the entire water column is in equilibrium. Bottom

sediment as well as suspended sediment were considered to be involved in

adsorption/disorption. It should be noted that for fixed pH calculation these two models

would give similar results for speciation of aqueous species. However, if one wants to

calculate change in speciation due to any change( e.g., addition of acid or alkali or copper

containing waters), the results should reach equilibrium, the second model, with

consideration of equilibrium for the entire system would give more realistic results.
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4.3 RESULTS AND ANALYSIS

4.3.1 Speciation of Copper Without Considering Contribution From Sediment

Equilibrium analysis without considering any contribution of sediments for all seven

sampling locations of Dhanmondi lake and four locations of Ramna lake during dry, wet

and intennediate period, were performed by MINEQL+. Computational outputs are listed

in Appendix Band C. Concentration of various species, given in the output, are expressed

in moles/liter.

Copper Speciatioll ill DlIalllllolldi Lake

Fig 4.18 through 4.24 show bar charts concentrations and relative proportions in pie

charts of the major species of Cu present in aqueous media of Dhanmondi lake for all

seven sampling locations during dry and, wet and intermediate period. In these figures,

bar charts have been used to represent total concentration (in moles/liter) of each species

and also concentration of Cu adsorbed on suspended sediment. Pie charts represent the

proportion of various copper species and Cu adsorbed on suspended sediment with

respect to total Cu species. The major Cu species that dominates in all cases is aqueous

Cu(OH),. The amount of copper adsorbed on suspended sediment is also high. Other

species that are present in small quantities are Cu'+ , aqueous CuCO), CuOH+.

Fig. 4.18 shows the concentration and proportion of copper species present at location 1.

Concentration and proportion of major Cu species aqueous Cu(OH), as well as Cu

adsorbed on suspended sediment are higher during dry period than wet or intermediate

period. Cu'+ and aqueous CuCO) are also present in significant amount. From pie chart,

it is evident that proportion of aqueous Cu'+ is higher during dry period than wet period.

This may result due to the difference of pH between two seasons (pH 7.66 in dry period

and 7.8 in wet period). But for the case of aqueous CuCO) it is found that proportion of

aqueous CuCO) in dry period is lower than wet or intermediate period (pH 7.8).

Probably an increase in pH promote complexation of copper with carbonate species.
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Concentration of aqueous Cu(OH), ranges from 2.23e-6 to 2.73e-6 molll (i.e. 218 fig/I to

266 fig/I) and Cu'. from 3.12e.8 to 7.42e-' mol/I (i.e. 1.98 fIg/1 to 4.72 fig/I) during the

three periods.

Fig. 4.19 shows concentration and relative proportion of Cu specIes at Location 2.

Aqueous Cu(OH), shows similar trend as the major spices. Concentrations of aqueous

Cu(OH), and adsorbed Cu in dry period is higher than those during other periods. From

the pie chart, proportion of Cu'. in dry period is less than wet pried and proportion of

Cu'. in wet period is less than intermediate period. This may be due to the difference of

pH values (pH in dry period is 7.8, in wet period 7.4 and in intermediate period 7.2).

Proportion of aqueous CuCO, is higher in dry period than wet period which may also be

attributed due to relatively higher pH in dry period. Concentration of aqueous Cu(OH),

varies from 2.04e-6 to 2.85e-6 molll (i.e. 199 fig/I to 278 fig/I) and Cu'. from 4.08e-7 to

5.26e-7 (i.e. 26 fIg/I to 33 fig/i).

Fig. 4.20 to Fig 4.24 concentrations and relative proportions of Cu speCIes and Cu

adsorbed on suspended sediment at location 3, 4, 5, 6 and 7. In all the cases aqueous

Cu(OH), was the major species. Cu(OH), was always higher during dry period than

those during other periods. Except for location 3, concentration of adsorbed Cu during

wet period is higher than that of other periods at other locations. Cu'. and aqueous

CuC03 show similar trend following the pH trend. For all these locations concentration

of aqueous Cu(OH), varies from 1.41e-6 to 3.05e-6 mol/l(i.e. 138 fig/I to 98 fig/I) and

Cu'. varies from 4.16e'1o to 25.2e-8 mol/l (i.e. 0.03 fig/I to 16 fIg/I).

From the results of Cu speciation shown in Fig. 4.18 through Fig. 4.24, it is quite clear

that pH has great influence on speciation of aqueous Cu. For example at Location 3

during dry period where pH is 7.7, percentage of Cu'., aqueous Cu(OH), and aqueous

CuCOl are 2%, 66%, and 4%. At location 2, at pH 7.8, during dry period these

percentage are 1%, 63% and 4%. At location 7, during wet period (pH 7.9) these

percentage become 0%, 61% and 4%. So it is evident that the proportions of various

species of Cu in Dhanmondi lake depend too large extent on pH of water. Cu'. and
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aqueous Cu(OH), decreases with the increase of pH value. Aqueous CuCO, increases

with the increase of pH.

Copper Speciatioll ill Ra11lllaLake

Fig. 4.25 to Fig. 4.28 show the concentrations (bar chart) and relative proportions (pie

chart) of species of Cu in aqueous media and Cu adsorbed on suspended sediment during

dry, wet and intermediate period. Bar charts represent total concentrations (in moles/I) of

each species and pie charts represent relative proportion of each species. Aqueous

Cu(OH), is found to be the major species in all cases. Other species of Cu found include

Cu", adsorbed Cu, and aqueous CuCO,.

Fig. 4.25 shows concentration and relative proportion of spices of Cu at Location I of

the Ramna lake. Concentration of aqueous Cu(OH), during dry period was higher than

those in wet and intermediate period. Concentration of aqueous CuCO, during dry

period was higher than those during other periods. However, Cu" and adsorbed Cu

concentration of these species was higher during intermediate period than other periods.

From the pie charts, proportion of Cu" was higher during wet period (pH 7.3) than dry

period (pH 8.7) and Cu" during intermediate (pH 7.1) is higher than wet period. Thus,

proportion of Cu'. increases with decrease of pH is also evident. Relative proportion of

aqueous CuC03 was higher during dry period (pH 8.7) than the wet period (pH 7.3) and

proportion of aqueous CuCO, is lowest during intermediate period (pH 7.1). A trend

similar to that of the Dhanmondi lake was observed Cu'. and aqueous CuCO, where the

first one increases with the decrease of pH and the later one increases with increase of

pH. Concentration of aqueous Cu(OH), varies from 2.72e'. to 0.85e'. mol/l (i.e. 265 l-lg/I

to 83 l-lg/I) and Cu'. from 0.46e'. to 5.87e"O molll (i.e 29 l-lg/Ito 0.04 l-lg/I).

Fig. 4.26 shows concentrations of Cu species and their relative proportion at Location 2

of the Ramna lake. Concentration of the major Cu species aqueous Cu(OH), is higher

than those of the other periods. Concentration of Cu'. was highest during intermediate

period and CuCO, aq is highest in dry period. From the pie chart, relative proportion of

Cu" was found to be lowest in dry period (pH 8.9) than wet period (pH 7.4) and

intermediate period (pH 7.5). A deviation in proportion of Cu'. was observed. Though
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pH at intermediate period was higher than wet period, proportion of Cu'+ during

intermediate was also higher than that during wet period. Deviation from previous

findings also occur between wet and intermediate periods for aqueous CuCO, as

proportion of aqueous CuCO, was lower during intern1ediate period than during wet

period though pH was higher in dry period. This may be due to error in pH data

collection. Concentration of aqueous Cu(OH), varied from 2.7Ie.6 to L97e.6 moUI (i.e.

264 llg/I to 192 llg/l) and Cu'+ from 0.18ge-6 to 2.38e'1o molll (i.e. 12 llg/I to 0.02 llg/l).

Fig. 4.27 shows concentrations of Cu species and their relative proportions (location 3)

at three different periods. Concentration of major species aqueous Cu(OH), was highest

in wet period. From the pie chart similar influence of pH on Cu'+ was evident in lake

water. During dry period at lowest pH of 7.0, relative proportion of Cu'+ was higher

than that during other wet period (pH 8.0) and this proportion was lower in wet period

than that of intennediate period (pH 7.5). Aqueous CuCO, also follows the trend for dry

and wet period. Proportion of aqueous CuCO, in dry period (pH 7.0) was lower than wet

period (pH 8.0) and during intermediate period (pH 7.5) the proportion is less than wet

period. Concentration of aqueous Cu(OH), varies from 2.95e-6 to L15e-6 mol/l (i.e. 288

llgll to I 12 llg/I) and Cu'+ from 0.646e-6 to I.06e-8 molll (i.e. 4 I llg/I to 0.67 llg/l).

Fig 4.28 is for Location 4. Major Cu species aqueous Cu(OH), was highest during

intermediate period. Significant amount of other Cu species Cu'+, aqueous CuCO, were

observed which showed highest concentrations during intermediate period. From pie

chart it is seen that proportion of Cu'+ increases from dry period (pH 8.9) to wet period

(pH 7.5) to intermediate period (pH 7.4) with the decrease in pH. Proportion of aqueous

CuCO, remain same in all season though there is a deviation of pH. Concentration of

aqueous Cu(OH), varied from 4.43e"6 to L48e.6 molll (i.e. 432 llgll to 144 llg/I) and

Cu'+ from 0.396e.6 to 2.5ge-'o mol/l (i.e. 25 llg/l to 0.02 llg/I).

Figure 4.29 to 4.31 show spatial and seasonal variation of Cu'+, aqueous CuCO, and

aqueous Cu(OH), of the Dhanmondi and Ramna lakes. Aqueous CuCO, and aqueous

Cu(OH), of the Dhanmondi lake show similar pattern. In case of the Ramna lake these

aqueous CuCO, and aqueous Cu(OH), show similar trend.
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4.3.2 Speciation of Copper With Considering Contribution From Suspended

Sediment

Equilibrium analysis was also performed for all seven sampling locations of Dhanmondi

lake and four sampling locations of Ramna lake considering contribution from

sediments. This analysis was also performed to study the effect of exchange at the

sediment water interface on the copper distribution in water column. The two layer

model described partitioning of copper between aqueous phase and sediment (suspended

and bottom sediment). All the outputs are listed in Appendix C.

From Table 4.9, it is found that for both case of the Dhanmondi and Ramna lake

concentration of copper adsorbed on suspended sediment is excessively high (92% to

98%). So relative proportion of other copper species were negligible. Only significant

copper-species found was aqueous Cu(OH), .

Comparison of two analyses (e.g. with and without contribution from sediment) indicate

that major portion of copper gets adsorbed on suspended sediment and subsequently

settle to the bed. It is likely that prolonged deposition of such heavy metals associated

with suspended sediment may cause accumulation on the lake-bed. This necessitates an

analysis of nature of adsorption of copper depending on the bed particle characteristics.

Thus, the present study was extended to analyze the adsorption of copper on particles of

different sizes.

4.3.3 Conclusions

A field of campaign followed by equilibrium analysis indicate that water and sediment

column of Dhanmondi Lake are heavily contaminated with Cu. But the level of

contamination depends very much on the presence of Cu species that are toxic rather than

on the total concentration of Cu. Actually, Cu in free form (Cu'+) is more toxic than any

other complexed forms. In this analysis, concentration of free Cu in the lake water of

Dhanmondi and Ramna lake is not excessively high in general but it is high enough

during different periods. In order to determine the toxicity level of copper by detemlining
93



'"•••

Table 4.9: Adsorption of copper on suspended solids (Considering contribution
from sediment)

Lake Location Percentage of adsorbed copper

Dry Wet Intermediate

1 95.6 97.2 96.1
2 95.9 96.6 92.9
3 94.9 98.0 96.3

Dhanmondi 4 96.4 98.7 94.5
5 93.8 98.1 96.7
6 94.3 97.9 95.8
7 95 97.8 93.9
1 95.4 98.7 98.7
2 94.7 96.1 95.7

Ramna 3 98.5 96.5 96.7
4 95.6 98.3 91.5



concentrations of various species equilibrium analysis was performed for lake water of

Dhanmondi and Ramna Lakes. Equilibrium analysis of water was performed by using a

computer program MINEQL+. In the equilibrium analysis, two models were considered:

The first model was without considering contribution from sediment and only taking

suspended sediment and the second was considering contribution from bottom sediment.

The major findings for speciation of Cu for all seven sampling locations of Dhanmondi

lake and four sampling locations of Ramna lake are:

I. Major Cu species found in equilibrium analysis of the water columns of both the

Dhanmondi and the Ramna lakes were Cu(OH), aq, Cu'+, CuCO, aq. Concentration

of Cu(OH), aq was found highest of all the Cu species.

2. Cu'+, the free form of Cu species and more toxic of any other complexed forms, was

also present.

3. From spatial distribution ofCu'+ it was found that concentration of Cu'+ is higher on

the southern portion ofthe lake than the northern portion in the Dhanmondi lake.

4. Seasonal variation of Cu'+ concentration does not show any definite trend.

5. pH is the major controlling factor of Cu speciation. With decrease in pH ionic copper

(Cu'+) concentration increases, increasing the toxicity of water as well.

6. Although total copper concentration is very high in lake water toxic form Cu'+ was

not too high but the value increased during some intermediate period for both the

Dhanmondi and the Ramna lake.
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4.3 COPPER CONTAMINATION OF BED SEDIMENT

(Toxic metals like copper has great affinity for surfaces, which is provided by the solids in~
suspension and in the bed. Copper is adsorbed on suspended sediment which

subsequently settle and accumulate on the bed. Due to sediment water interactions the

sediment bed acts as a source of trace metal for biomass. This may occur by settling and

resuspension mechanisms of particles between sediment and water column and diffusive

exchange between sediment and water column. So analysis of copper in bed sediment is

very important for determination of the contamination pattern of whole waterbody.)

Table 4.10 Figure 4.32 shows the depth of top and bottom layer of the sediment column

at the time of collection. These sediment samples were collected from locations 2, 3 and 7

of Dhanmondi lake while similar samples were collected from location I and 3 of Ramna

lake. The sediment columns, each about one foot depth, were divided into two parts

depending on the texture. Sediment columns were cut across the line of two distinct

colors. It was observed that the top layer was indicating the recent deposition and light

colored bottom sediment indicating previous deposits. It was also found that sediment

column from Dhanmondi lake is darker than the sediment column of Ramna lake. In

Dhanmondi lake depth of upper layer at Location 2 was 9 cm, at location 3 was 21.5 cm

and at location 7 was 14.3 cm. In Ramna lake depth of top layer at location I was 9 cm

while bottom layer was 7.5 cm. From these depths it may assumed that Locations I and 3

of Ramna lake and Location 2 of Dhanmondi lake having small depth of top layer

sediment receive lesser solids while Location 3 and Location 7 of Dhanmondi have

higher deposition. Again from the Table 4.10 and Fig.4.32 it is evident that the depth of

upper layer of Locations 1 and 3 of Ramna lake and Location 2 of Dhanmondi are smaller

than those of other points which indicate the deposition of these location were older.

Each sediment column divided into two layers (top and bottom), was dried and grounded

softly into their smallest particle/grain size by pressing with fingers. Then grains of each

layer were subjected to sieve analysis, results of which are shown in Figures 4.33 through

4.42. Fineness Modulus (FM) and Uniformity Coefficient (C,) were detern1ined for each
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Table: 4.10 Depth of Upper & Bottom layers of bed sediment columns collected In

Dhanmondi and Ramna Lakes:

RAMNA LAKE DHANMONDI LAKE

Layer Depth PI P3 P2 P3 P7

Upper 9 7.5 9 21.5 14.3

Layer(cm)

Bottom 14 13.5 8 2.5 12.2

Layer(cm)

10 15

P represents location points

R represents Ramna lake

D represents Dhanmondi lake

Figure: 4.32 Depth of top layer of sediment column ofDhannnmondi and Ramna lakes
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sample. For Dhanmondi lake FM ranged from 1.0 to 2.0 and Uniformity coefficient (Cu)

ranges from I to 4. However, in case of Ramna lake these values ranged from 1.0 to 3.0

and from 4.0 to 11.0 respectively. From these values it is evident that the sediment

particles of the Ramna lake were relatively coarser than those of Dhanmondi lake. In

most cases the major portions of the sediment particles of both the lakes were retained on

sieve #100 (0.149 mm) and sieve #200 (0.074 mm). Thus the major portion of particle

ranged between 0.297 mm to 0.074 mm.

After grain size analysis, portion of sediment samples retained on different sieves were

digested. Concentration of copper adsorbed on each size of the particle was determined

by Atomic Adsorption Spectrophotometer which is shown in table 4.11. These values are

graphically represented in Fig. 4.43 to 4.47. These figures show adsorptions of copper on

different size of the particles at each location of the Dhanmondi lake and the Ramna lake.

Concentration of copper adsorbed on particles retained on sieve #40 (i.e. ranging from

0.42 mm to 0.59 mm) of location 2 was relatively higher than those of the other locations

of Dhanmondi lake. In Ramna lake concentration of copper adsorbed on particles of

Location I was relatively higher than that of Location 3. In Ramna lake at Location I, it

can be observed that top layer sediment contains more copper in adsorbed form than

bottom layer. However, no such trends could be found from other locations.

Table 4.11 and Figures 4.43 and 4.44 show copper adsorbed on I particles size within a

definite range at different locations ofRamna and Dhanmondi lakes. From these figures it

can be observed that maximum amount of copper was adsorbed on particles ranging from

0.42 mm to 0.59mm.
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Sieve No. Sieve Material Percent Cumulative Percent

Size retained material percent finer

(nun) (gm) retained retained

NO.4 4.76 0 0 0 100

NO.8 2.38 0 0 0 100

No. 16 1.19 4 8 8 92

No. 30 0.59 3.9 7.8 15.8 84.2

No. 40 0,42 3 6 21.8 78.2

No. 50 0.297 3.3 6.6 28.6 71.4

No. 100 0.149 13.8 27.6 56.0 44

No. 200 0.074 14.8 29.6 85.6 14,4

No. 270 0.053 2 4 89.6 10,4

Pan 5.2 10,4 100 0

00101

... .--.~........ ~... , . . . . - '<.".. .
. -\. .

\ :. :•
\

...
: ::-

.o
10

BJ

100

PalideS<e(rrrr)

Fineness Modulus (FM) = 1.084
Uniformity Coefficient (Cu) = 3.82

Fig. 4.33 : Grain Size distribution of top layer sediment at location 2 ofDhanmondi Lake
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Sieve No. Sieve Size Material Percent Cumulative Percent

(mm) retained Material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 100

NO.8 2.38 0 0 0 100

No. 16 1.19 2.8 5.6 5.6 94.4

No. 30 0.59 3.3 6.6 12.2 87.8

No. 40 0.42 2 4 16.2 83.8

No. 50 0.297 3.1 6.2 22.4 77.6

No. 100 0.149 13.3 26.6 49 51

No. 200 0.074 13 26 75 25

No. 270 0.053 5.0 10.0 85 15

Pan 7.5 15.0 100 0

0.Q10.1

--. -..... .... .

:. : cs.~..
... ,':--. .\: . : . .

\.
: .\

\-..
. .~

o
10
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40
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Fineness Modulus (FM) = 0.892
Uniformity Coefficient (Cu) = 4.0

Fig. 4.34: Sieve analysis of bottom sediment at location 2 ofDhanmondi Lake
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Sieve No. Sieve Size Material Percent Cumulative Percent

(mm) retained Material percent finer

(gm) retained retained

NO.4 4.76 a a a 100

NO.8 2.38 a a a 100

No. 16 1.19 9.1 9.1 9.1 90.9

No. 30 .59 9.0 9.0 18.1 81.9

No. 40 .42 4.5 4.5 22.6 77.4

No. 50 .297 9.0 9.0 31.6 68.4

No. lOa .149 46.7 46.7 78.1 21.9

No. 200 .074 18.2 18.2 96.3 3.7

No. 270 .053 1.2 1.2 97.5 2.5

Pan 2.5 2.5 100 a

100 __ .~.
::::::. ~.

llJ

40

o
10

.':: : : : -:'<
•

01
...:..

001

Fineness Modulus (FM) = 1.084

Uniformity Coefficient (Cu) = 3.82

Fig. 4.35 : Grain Size distribution of top layer sediment at Location 3 ofDhanmondi

Lake
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Sieve No. Sieve Size Material Percent Cumulative Percent

(nun) retained Material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 100

NO.8 2.38 0 0 0 100

No. 16 1.19 5.5 11.0 11.0 89

No. 30 . 0.59 5.1 10.2 21.2 78.8

No. 40 0.42 2.0 4.0 25.2 74.8

No. 50 0.297 2.4 4.8 30.0 70.0

No. 100 0.149 14.5 29.0 59.0 41.0

No. 200 0.074 14.5 29.0 88.0 22.0

No. 270 0.053 3 6 94.0 6,0

Pan 3 6 100.0 0

'00 " •• ~~.~
•

00
:::. :•....... :•

0,0101
o
10

ro

Fineness Modulus (FM) ~ 1.212

Uniformity Coefficient (Cu) ~O.932

Fig. 4.36: Grain Size distribution of bottom layer sediment at location 3 of Dhanrnondi

lake

102



Sieve No. Sieve Size Material Percent Cumulative Percent

(mm) retained material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 100

NO.8 2.38 0 0 0 100

No. 16 1.19 8.5 8.5 8.5 91.5

No. 30 .59 5.0 5.0 13.5 86.5

No. 40 .42 4.5 4.5 18.0 82.0

No. 50 .297 15 15 33.0 67

No. 100 .149 47.2 47.2 80.2 19.8

No. 200 .074 15.5 15.5 95.7 4.3

No. 270 .053 1.5 1.5 97.2 2.8

Pan 2.8 2.8 100 0

100 __ .~.
:.::::: ~ .

ro

40

o
10

.. ,..:..~

, _-:..
0.1 0.01

lake

PatideSal(mr)

Fineness Modulus (FM) = 1.352
Uniformity Coefficient (Cu) = 2.36

Fig. 4.37: Grain Size distribution of top layer sediment at location 7 of Dhanmondi
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Sieve No. Sieve Size Material Percent Cumulative Percent

(mm) retained Material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 0

NO.8 2.38 0 0 0 0

No. 16 1.19 15.8 15.8 15.8 84.2

No. 30 .59 8.5 8.5 24.3 75.7

No. 40 .42 5.0 5.0 29.3 70.7

No. 50 .297 12.0 12.0 41.3 58.7

No. 100 .149 42.5 42.5 83.8 16.2

No. 200 .074 12.5 12.5 96.3 3.7

No. 270 .053 1.2 1.2 97.5 2.5

Pan 2.5 2.5 100 0

100 -' '-'-' .;-..:..... •
.... . . . "-
:'>.':'>:':- -:.,,:.

!D •
, ..~,.
.. .... -..

40

•
o
10 01

Pa1ide3;e(rrrr)

Fineness Modulus (FM) = 1.652

Uniformity Coefficient (Cu) =2.5

.""-.
001

Fig. 4.38: Grain Size distribution of bottom layer sediment at location 7 ofDhanmondi Lake
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Sieve No.. Sieve Size Material Percent Cumulative Percent

(mm) retained Material percent finer

(gm) retained retained

No.. 4 4.76 0 0 0 100

No.. 8 2.38 0 0 0 100

No.. 16 1.19 10.5 21 21 79

No.. 30 0.59 8.5 17 38 62

No.. 40 0.42 3.4 6.8 44.8 55.2

No.. 50 0.297 3.5 7 51.8 48.2

No.. 100 0.149 13 26 77.8 22.22

No.. 200 0.074 9.8 19.6 97.4 2.6

No.. 270 0.053 0.8 1.6 99 I

Pan 0.5 1.0 0 0

1~

0..010.1

..._.....~.\
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.
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I. ~-. ..
'.'..".. .,

I' : \
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10.

40
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100

Fineness Modulus (FM) = 1.886
Uniformity Coefficient (Cu) = 4.09

Fig. 4.39: Grain Size distribution of top sediment at location 1 of Ramna Lake
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Sieve No, Sieve Size Material Percent Cumulative Percent

(nun) retained Material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 0

NO.8 2.38 0 0 0 0

No. 16 1.19 28.5 28.5 28.5 71.5

No. 30 .59 20 20.0 48.5 51.5

No. 40 .42 8.0 8.0 56.5 43.5

No. 50 .297 9.5 9.5 66.0 34.0

No. 100 .149 19.5 19.5 85.5 14.5

No. 200 .074 12 12 97.5 2.5

No. 270 .053 1.5 1.5 99.0 1.0

Pan 1.0 1.0 100

1~

0.010.1

..~~.\
. . . .
. . . ,

\ .

'< ..:: ,e: :" ... . . ..,~.". . .
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10
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Fineness Modulus (FM) = 2.285

Uniformity Coefficient (Cu) = 6.8

Fig. 4.40: Grain Size distribution of bolt om layer sediment at location 1 ofRamna Lake
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Sieve No. Sieve Size Material Percent Cumulative Percent

(rom) retained Material percent finer

(gm) retained retained

NO.4 4.76 0 0 0 100

NO.8 2.38 0 0 0 100

No. 16 1.19 8.5 17 17 83

No. 30 0.59 6.2 12.4 29.4 70.6

No. 40 0.42 2.5 5 34.4 65.6

No. 50 0.297 3.7 7.4 41.8 58.5

No. 100 0.149 15.2 30.4 72.2 27.8

No. 200 0.074 11 22 94.2 5.8

No. 270 0.053 1.6 3.2 97.4 2.6

Pan 1.3 2.6
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Fig. 4.41: Grain Size distribution of top layer sediment at location 3 of Ramna Lake
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Sieve No. Sieve Size Material Percent Cumulativ Percent

(nun) retained Material e percent finer

(gm) retained retained

NO.4 4.76 a a a 100

NO.8 2.38 I I I 99

No. 16 1.19 32.5 32.5 33.5 66.5

No. 30 0.59 19.2 19.2 52.7 47.3

No. 40 0.42 7 7 59.7 40.3

No. 50 0.297 5.6 5.6 65.3 34.7

No. lOa 0.149 15.4 15.4 80.7 19.3

No. 200 0.074 14 14 94.7 5.3

No. 270 0.053 2.8 2.8 97.5 2.5

Pan 2.5 2.5

0.010.1
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Fig. 4.42 : Grain Size distribution of bottom layer sediment at location 3 of Ramna Lake
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Table 4.11: Copper adsorbed (mglkg) on different grain size at diffemt layers at different

points in Dhanmondi & Ramna lake

RAMNA LAKE DHANMONDI LAKE

Sieve No IT IB 3T 3B 2T 28 3T 3B 7T 7B

(R) (R) (R) (R) (D) (D) (D) (D) (D) (D)

# 16 34.39 31.97 29.65 17.31 42.41 48.33 28.39 12.77 15.95 29.80

# 30 40.10 32.80 23.41 31.35 49.49 25.29 17.88 42.80 26.86 26.20

# 40 46.98 4D.62 47.77 46.21 59.45 49.13 32.25 52.28 27.20 34.28

# 50 44.15 33.95 32.75 45.12 42.85 25.43 21.59 30.05 22.35 31.28

# 100 33.94 32.88 29.61 30.16 38.75 34.73 17.75 10.55 10.83 24.99

# 200 42.99 41.74 43.72 46.44 38.14 45.46 - - 18.74 29.07

Weighted 38.57 34.39 33.38 30.47 41.61 38.67 20.28 20.96 15.98 27.67

Avg.

* B represents Bottom sediment layers

* T represents Top sediment layers
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COllelusiolls

I. In most cases the major portions of the sediment particles of both the lakes were

retained on sieve #100 (0.149 mm) and sieve #200 (0.074 mm). Thus the major portion of

particle ranged between 0.297 mm to 0.074 mm.

2. Particles retained on sieve #30, #40 and #50 (i.e. <1.19 mm to >0.297 mm) have major

portion of copper adsorbed. However, particles retained on #40 (i.e. <0.59mm to

>0.42mm) adsorbed maximum concentration of copper.

3. In Ramna lakc maximum concentration of copper (weighted) was adsorbed on particle

from Location I which may be attributed to the fact that it is the inlet point. In the

Dhanmondi lake Location 2 represented maximum adsorbed copper which may also be

attributed to the fact that it is located near the inlet points.

4. For both lakes it was found that locations receiving large waste loads contain high

concentration of copper at the top layer. In the Dhanmondi lake Location 2 and in Ramna

lake Location I receive high waste input. Weighted average of copper concentration at

Location I of Ramna lake at the top sediment layer (38.57 mg/kg) was higher than

bottom layer (34.39 mg/kg). Similarly at Location 2 of Dhanmondi lake copper

concentration at top sediment layer (41.61 mg/kg) was higher than bottom sediment layer

(38.67 mg/kg). It also indicates that these points have received more heavy metals in

recent times than the previous years. From other points of these lakes it can be assessed

that copper deposited in the sediment from time to time and accumulates on the deeper

layer.

5. It was observed that in most of the cases copper adsorption increased with the decrease

in particle size up to certain level (0.42mm). After that particle size copper adsorption

decreased with the decrease in particle size.
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6. Fineness Modulus (FM) and Uniformity Cofficient (C,) of Ramna lake was greater

than Dhanmondi lake which indicates that overall grain size of Ramna lake is coarser

than Dhanmondi lake.

4.5 BlOACCUMULATION

Bioaccumulation of copper was studied by analyzing its accumulation in different parts of

a fish. Thus a Nilotica fish was collected from Dhanmondi lake as it is the most common

fish. A Nilotica is a bottom feeding collecting food from bottom sediment as well as

overlying water. So it is most likely that copper accumulates on different tissues of

Nilotica fish.

Concentration of copper (in mglkg of wet mass) in various tissues such as gills, skin,

muscle, stomach, external bones, head muscles are shown in Table 4.12 and are plotted in

Fig 4.48. From these table and figure it is evident that maximum copper concentration is

in stomach (7.442 mglkg) among the various tissues of the fish. This may be attributed to

the fact that the food (collected from the bottom sediment) digested by this fish is directly

accumulated in the stomach. The next highest concentration of copper was present in gills

(2.0302 mglkg). Fish uses gills to intake water and use dissolved oxygen for respiration.

Thus, copper in the water accumulates in the gills. Other tissues that are exposed are

external bones i.e. fins (1.761 mglkg) and skin (1.512 mglkg) contain considerable

amount of copper. Muscles and head muscle contain relatively less amount of copper

(1.16 mg/I and 1.13 mg/I respectively). This indicates that heavy metals such as copper

are present in excessive amount in the different parts of the fish in the Dhamnondi lake.

Such fish, if consumed may be very harn1ful.
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Table: 4.12 Copper concentration in different tissues of Nil otic a Fish (mg/kg wet weight)

SI. No Tissues of different parts of the Concentration (mg/kg

fish wet weight)

I Gill 2.0302

2 Skin 1.5119

3 Muscle 1.1596

4 Stomach 7.4419

5 External bone 1.7613

6 Head Muscle 1.1333

10

Figure: 4.45 Copper distribution at different tissues of Nilotica fish
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CHAPTER-5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSIONS

The Dhanmondi lake and the Ramna lakes have been receiving considerable amount of

domestic sewages for long period of time through the outfalls located at various points of

the lakes. In addition surface run-off following rainfall contributes to the contamination

of the water and sediment layer of these lakes. These point and non-point sources contain

both metal as well as non-metallic pollutants. The primary objectives of the study was to

assess the level of copper contamination in the lake water and sediment of Dhanmondi

and Ramna lake. However other secondary objectives include assessment of toxic effects

of the Jake water by detennining the equilibrium speciation of copper in Dhanmondi and

Ramna lakes, spatial distribution of major copper species, copper adsorption

characteristics depending on different sizes of bed particles and assessment of gross

bioaccumulation of copper in fish.

Water and sediment samples of Dhanomndi and Ramna lake were collected from

different sampling locations for laboratory analysis during three different period of the

year namely, dry period (April to May), wet period (June-July) and intemlediate period

(August-January). Since major portion of copper get adsorbed on suspended sediment,

then settle and accumulates on the bed, nature of copper adsorption depending on the

bed particle characteristics was also studied. In addition, bioaccumulation of copper in

fish species of the lake was assessed by determining copper concentration in gills and

various tissues of a fish (Nilotica) ofDhanmondi lake.

Both the Dhanmondi and Ramna lake water and sediment layer indicate high level of

copper contamination. However, contamination in Dhanmondi lake is much higher than

that of Ramna lake.
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Major copper species found in equilibrium analysis of the lake water columns of both the

Dhanmondi and Ramna lakes were aqueous Cu(OH)" Cu'+, aqueous CuCO,.

Concentration of aqueous Cu(OH), was highest of all the Copper species. Cu'+, the free

form of copper species and more toxic of any other complex forms were also present in

considerable amounts. pH was found to be the major controlling factor of copper

speciation. With decrease in pH, ionic copper (Cu'+) concentration increases thus

increasing the toxicity of water. Conversely, with the increase in pH, ionic copper

concentration decreases with increased adsorption reducing toxicity.

Contribution of copper from bed sediment seem to playa significant role in equilibrium

analysis. The major portion of particles of both the lakes were retained on sieve # 100

(0.149mm.) and sieve # 200 (0.074mm.). Thus, the particle size ranged between

0.297mm. to 0.074mm. However, adsorption of copper varied with size of particles.

Maximum amount of copper was adsorbed on particles retained on sieve #30, #40, #50

(i.e. size < 1.19mm. to > 0.297mm.). In most cases copper absorption increased with the

decrease in particle size upto a certain level (0.42 mm). After that particular particle size,

copper absorption decreased with the decrease in particle size.

Study of bioaccumulation of copper revealed that heavy metals such as copper are present

in excessive amount in the different parts of the fish in Dhanmondi lake. Maximum

copper concentration was found in the stomach (7.442 mg/kg) among the various tissues

of fish. Gills contained the next highest concentration of copper (2.03 mg/kg). Thus

human consumption of the fishes from Dhanmondi lake may be harmful.

Study of copper adsorption no different sizes of bed sediments in Dhanmondi and Ramna

lakes indicate that the deeper layer sediments are more contaminated with heavy metal

such as copper. This is probably due to the accumulation of copper in the sediment

following prolonged deposition of domestic as well as industrial sewage from these areas.

At present, renovation work is underway at the Dharunondi lake. It seems that the lake is

being dredged indiscriminately and the dredged spoils are being piled along the shore. If

not done upto a proper depth this dredging process is likely to expose the deeper sediment
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layer which was found to be more contaminated with heavy metals. The overlying water,

although fresh, will get contaminated with metals through diffusion and desorption from

newly exposed bed. In addition, the dredged spoils piled up along the shore may release

copper following rainfall into the lake and surrounding areas.

5.2 RECOMMENDATIONS

Continuous monitoring of the water and sediment layers of the Dhanmondi and Ramna

lakes is essential to have a better view of situation. A temporal and seasonal variation

study may be conducted in this regard. In addition, identification and estimation of

pollutant loads to these lakes should be done. Effluents at all inlet points into the lake

should be characterized along with their flow rates. Determination of temporal and spatial

flow pattem should be done for modeling purpose.

Due to the technical difficulties analysis of organic contents could not be perfomled in

this study. Inclusion of organic contents in the analysis will provide a more realistic and

accurate results.

Particle setting velocities need to be assessed to determine the age of bed layer deposits.

Copper level in lake may be assessed as a function of depth. These data will help in

developing the history of copper contamination in Dhanmondi and Ramna lake. This will

also help in predicting future copper levels in the lake bed sediment. In addition, current

renovation work involving dredging operation may be properly performed with this

infomlation at hand.

Collection and analysis of deeper soil samples need to be done for better assessment of

copper contamination on bed sediment. This will provide more information on biouptake

mechanisms of organic biota.

II?



Significant amount of copper has been found in fish tissues, it is necessary to assess long

term effect of this contamination on pisiculture and also on people consuming fish from

Dhanmondi lake.
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APPENDIX-A



Table : Data for MlNEQL+ output for speciation of copper without considering contribution from sediment, Dhanmondi lake
Location I Location 2 Location 3 Location 4 Location 5 Location 6 Location 7

Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter.

Cu (aq.) (* I0") 3 2.4 2.4 3.\ 2.3 3 2.9 1.7 2.2 3.1 1.8 2 3.3 1.8 1.5 3.3 2 2.1 3 1.6 2.4
(moUI)

Cu (55) (* I0.6) 2.4 0.9 0.5 1.5 l.l 0.3 l.l 0.9 0.8 0.5 l.l 0.4 0.6 1.4 0.5 0.3 1.2 0.2 1.7 1.7 10
(molll)

Cu (Total) ('10') 5.4 3.3 2.9 4.6 3.5 3.4 4 2.6 3 3.6 2.9 2.4 3.9 3.2 2 3.6 3.2 2.3 4.9 3.4 3.5
(moUI)

pH 7.66 7.8 7.8 7.8 7.4 7.2 7.7 7.5 7.3 7.7 7.4 8.7 7.88 8 8.1 7.8 7.6 7.3 7.94 7.9 8.3

Temperature 31.3 31.3 20.5 31 31 19 31.2 30.3 19.5 30.9 29.5 20.5 31.6 30.5 1.5 31.2 30.5 20 31.3 30.5 20
(0C)

Alkanity (* I0") 2.16 1.61 2.25 2.1 1.48 2.25 2.13 1.46 2.05 2.24 1.63 2.07 2.25 1.76 2.07 2.1 1.6 2.02 2.24 1.8 2.36
(moUl)
n' (* 10") 3.19 1.31 1.5 2.9 1.42 1.55 2.91 1.34 1.64 2.68 1.23 1.78 2.37 1.24 1.64 3.2 1.4 1.69 3.85 3.12 4.06
(moUI)

SO;' (*10-4) 4.5 3.75 4.8 4.26 4.7 6.3 4.4 6.25 7 7.65 6.25 6.4 6.3 5.3 6 5.26 7.2 7 5.7 1.2 4
(moUI)

NO,-' (*W-') 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27
(moUI)

PO;' (*10") 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21
(moUI)

Na (*10") 2.21 2.17 2.19 2.21 2.2 2.2 2.2 2.15 2.18 2.2 2.2 2.2 2.18 2.16 2.17 2.2 2.2 2.2 2.17 2.15 2.16
(moUI)

K (*10-4) 5.58 8.2 6.9 6.1 6.5 6.3 5.8 6.8 6.3 5.6 7.7 6.7 6.66 7.5 7.1 5 9.95 7.5 5.28 8.6 6.94
[(moUI)

Ca (*10") 1.05 8.13 9.32 1.05 9.27 9.9 10 8.7 9.4 10.6 10 10.3 9.3 10.8 10.1 Il.l 7.8 9.45 10 6.8 8.4
(moUI)

Mg (* 10") 8.6 6.7 7.7 8.6 7.6 8.1 8.3 7.2 7.8 8.7 8.3 8.5 7.6 8.9 8.3 9.2 6.4 7.8 9.45 1 6.8
(moUI)

% of total Cu on 44.4 27.27 17.24 32.6 31.43 8.82 27.5 34.6 26.67 13.89 37.93 16.67 \5.39 43.75 25 8.3 37.5 8.7 34.7 50 28.6
SS



Table : Data for MINEQL'output for speciation of copper without considering contribution from sediment, Ramna lake
Location I Location 2 Location 3 Location 4

Dry Wet Interim Dry Wet Interim Dry Wet Interim Dry Wet Interim

Cu (aq)(molfl) 2.9*10.' 1.1*10.' 1.83*10.' 2.94*10.' 2.6*10.' 2.2*10.' 2*10.' 2*10.' 1.6*10.6 3.2*10~ 1.7*10~ 5.2*10.'

Cu (ss) (molfl) 0.6*10-' 0.1*10-' 1.3*10.6 0.36*10.' 0.2*10.' 0.5*10' 0.6*10.' 0.4*10.' 2.9*10.' 0.2*10.' 0.2*10.' 0.4*10.'

Cu (Total) 3.5*10.' 1.2*10.' 3.2*10.' 3.3*10.' 2.8*10.' 2.74*10.' 2.6*10.' 2.4*10.' 4.5*10.' 3.4*10.' 1.9*10.6 5.6*10.'
(molfl)
pH 8.7 7.3 7.1 8.9 7.4 7.5 7.0 8.0 7.5 8.9 7.5 7.4

Temperature 35 33 2] 34.5 33.5 20 35 33.5 20 34.5 33 20
(0C)

Alkanity 1.56*10.' 1.51*10.' 1.8*10.' 1.61*10.' 1.49*10.' 1.61*10.' 1.87*10.' 1.62*10.' 1.69*10.' 1.74*]0.' 1.39*10.' 1.82*10.'
(molfl)

Cl.' (molfl) 1.35*10.' 0.65*W' 1.2*10-' 1*10-' 0.71*10-' 0.96*10.' 1.07*10-' 0.67*10.' 0.85*10-' 1.04*10-' 0.9*10-' 0.85*10.'

SO;' (molfl) 0.24*10-' 0.52*]0-' 0.38*10-' 0.46*10-' 0.44*10.' 0.47*10-' 0.63*10.' 0.82*10-' 0.44*10-' 0.55*]0.' 0.55*10-' 0.55*]0-'

NO,.' (molfl) 8*10-' 8*10-' 8*10~ 8*10.' 8*]0~ 8*10-' 8*10.' 8*10' 8*10.' 8*10.6 8*10.6 8*]0.6

PO;' (molfl) 8*10-' 8*10-' 8*10.' 8*10-' 8*10.' 8*10.' 8*10.' 8*W' 8*10-' 8*10.' 8*10-' 8*10.'

Na (molfl) 2.19*]0" 2.19*10" 2.]9*10-' 2.19*10.' 2.19*10.' 2.19*10.' 2.19*10-' 2.19*10" 2.19*10.' 2.19*10.' 2.19*10-' 2.19*10"

K (molfl) 6.81*10" 6.81*10" 6.81*10" 6.81*10.' 6.81*10-' 6.81*10" 6.81*10-' 6.81*10-' 6.81*10-' 6.81*10-' 6.81*10" 6.8]*10-'

Ca (molfl) 9.54*10" 9.54*10" 9.54*10-' 9.54* 10" 9.54*10" 9.54*10" 9.54*10.' 9.54*10-' 9.54*10.' 9.54*W' 9.54*10-' 9.54*10.'

Mg (molfl) 7.86*10' 7.86*10" 7.86*10" 7.86*10.' 7.86*10.' 7.86*10" 7.86*10.' 7.86*10" 7.86*10-' 7.86*10.' 7.86*10-' 7.86*10-'

% oftolal Cu 17.14% 8.3% 40.6% 10.9% 7.14% 18.25% 23.07% 16.67% 64.45% 5.88% 10.53% 7.14%
onSS



Table : Data for MINEQL +output for speciation of copper with considering contribution from sediment, Dhanmondi lake
Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 Location 7

Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter. Dry Wet Inter.

Cu (aq.)(*IO.') 3 2.4 2.4 3.1 2.3 3 2.9 1.7 2.2 3.1 1.8 2 3.3 1.8 1.5 3.3 2 2.1 3 1.6 2.4
(moVI)

Cu (ss) (*10.') 6.5 8.3 6.16 5.37 6.44 3.98 5.29 8.9 5.58 10.19 13.8 3.36 4.97 7.95 4.35 5.47 8.75 4.74 5.76 6.74 3.72
(moVI)

Cu (Total) ('to') 6.8 8.6 6.4 5.6 6.67 4.28 5.58 9.03 5.8 10.55 14 3.56 5.3 8.1 4.5 5.8 8.95 4.95 6.06 6.9 3.96
(moVl)
pH 7.66 7.8 7.8 7.8 7.4 7.2 7.7 7.5 7.3 7.7 7.4 8.7 7.88 8 8.1 7.8 7.6 7.3 7.94 7.9 8.3

Temperature 31.3 31.3 20.5 31 31 19 31.2 30.3 19.5 30.9 29.5 20.5 31.6 30.5 1.5 31.2 30.5 20 31.3 30.5 20
(0C)

Alkanity (* 10.3) 2.16 1.61 2.25 2.1 1.48 2.25 2.13 1.46 2.05 2.24 1.63 2.07 2.25 1.76 2.07 2.1 1.6 2.02 2.24 1.8 2.36
(moVl)

cr' (* 10.3) 3.19 1.31 1.5 2.9 1.42 1.55 2.91 1.34 1.64 2.68 1.23 1.78 2.37 1.24 1.64 3.2 1.4 1.69 3.85 3.12 4.06
(moVl)

SO;' (*IO~) 4.5 3.75 4.8 4.26 4.7 6.3 4.4 6.25 7 7.65 6.25 6.4 6.3 5.3 6 5.26 7.2 7 5.7 1.2 4
(moVl)

NO;' (* 10.') 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27
(moVI)

POi' (*10"') 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21 4.21
(moV1)

Na (*10.') 2.21 2.17 2.19 2.21 2.2 2.2 2.2 2.15 2.18 2.2 2.2 2.2 2.18 2.16 2.17 2.2 2.2 2.2 2.17 2.15 2.16
(moVI)

K (*IO~) 5.58 8.2 6.9 6.1 6.5 6.3 5.8 6.8 6.3 5.6 7.7 6.7 6.66 7.5 7.1 5 9.95 7.5 5.28 8.6 6.94
[(moVl)

Ca (* 10.3) 1.05 8.13 9.32 1.05 9.27 9.9 10 8.7 9.4 10.6 10 10.3 9.3 10.8 10.1 11.1 7.8 9.45 10 6.8 8.4
(moVl)

Mg (*IO~) 8.6 6.7 7.7 8.6 7.6 8.1 8.3 7.2 7.8 8.7 8.3 8.5 7.6 8.9 8.3 9.2 6.4 7.8 9.45 I 6.8
(moVl)

% of total Cu on 95.6 77.2 96 95.89 96.6 92.99 94.8 98.1 96.2 96.6 98.7 94.4 93.8 98.1 96.6 94.3 97.8 95.8 95.05 97.7 93.94
SS



Table : Data for MINEQL+output for speciation of copper with considering contribution from sediment, Ramna lake
Location 1 Location 2 Location 3 Location 4

Dry Wet Interim Dry Wet Interim Dry Wet Interim Dry Wet Interim

Cu (aq)(mal/l) 2.9* 10.6 1.1* I0.6 1.83*10" 2.94*10.6 2.6*10.6 2.2* 10.6 2*10.6 2* 10.6 1.6* I0.6 3.2*10.6 1.7*10" 5.2*10.6

Cu (ss) (maUl) 6.11*10" 7.4*10" 5.82*10" 5.88*10" 6.6* 10" 4.8*10" 5.68*10" 6.1*10" 5.1*10" 7.09* I0" 8.37*10" 5.6* I0"

Cu (Tatal) 6.4*10" 7.6*10" 6.04*10" 6.2*10" 6.9* 10" 5*10" 5.88* I0" 6.3*10" 5.26*10" 7.4*10" 8.56*10" 6.1*10"
(maUl)
pH 8.7 7.3 7.1 8.9 7.4 7.5 7.0 8.0 7.5 8.9 7.5 7.4

Temperature 35 33 21 34.5 33.5 20 35 33.5 20 34.5 33 20
(0C)

Alkanity 1.56* I0') 1.51* I 0') 1.8* 10') 1.61*10') 1.49* I0') 1.61*10') 1.87* 10') 1.62*10') 1.69*10') 1.74*10') 1.39*10') 1.82*10')
(maUl)

Cl"' (maUl) 1.35*10') 0.65* 10') 1.2*10') 1*10') 0.71 *10') 0.96* 10') 1.07* 10') 0.67*10') 0.85*10') 1.04* 10') 0.9* 10') 0.85*10')

SO,' (maUl) 0.24*10') 0.52* 10') 0.38* 10') 0.46* 10') 0.44* 10') 0.47*10') 0.63* I0') 0.82*10') 0.44*10') 0.55* 10') 0.55*10') 0.55*10')

NO)" (maUl) 8*10.6 8*10" 8*10.6 8*10" 8*10.6 8*10" 8*10.6 8* I0.6 8*10.6 8*10.6 8*10" 8* 10"'

PO,) (maUl) 8*10" 8*10" 8*10" 8* I0" 8*10.6 8*10.6 8*10.6 8*10.6 8*10.6 8* I0.6 8*10" 8*10"

Na (maUl) 2.19*104 2.19*10" 2.19*10" 2.19*10" 2.19*104 2.19* 10" 2.19* 10" 2.19*104 2.19*10" 2.19*104 2.19*10" 2.19*104

K (maUl) 6.81*10" 6.81*104 6.81 * I0" 6.81*104 6.81 * I0" 6.81*10" 6.81*10" 6.81*10"' 6.81*10" 6.81*10" 6.81*10" 6.81*10"

Ca (maUl) 9.54*10" 9.54*10" 9.54*10" 9.54*10" 9.54*10" 9.54* 10" 9.54*10.4 9.54*10.4 9.54*10.4 9.54*10.4 9.54*10" 9.54*104

Mg (maUl) 7.86*104 7.86*10" 7.86*104 7.86*10" 7.86* I0.4 7.86* 10.4 7.86*10" 7.86* 10.4 7.86*10.4 7.86* 10" 7.86*104 7.86* 104

% aftatal Cu 95.5 98.6 96.3 94.77 96.2 95.6 96.6 96.8 96.97 95.8 98.1 91.3
an SS
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IvllNEQL output for speciation of copper wilhout considering contribution from sedimenl

Name Conc. %Tolal
Cu(2+ ) 7.42E-08 1.4
Cu2(OH)2+2 (+ 2) 4.24E-10 0
Cu(OH)3 - (-1) 8.94E-12 0
Cu(OH)4 -2 (-2) 1.15E-16 0
CuOH + (+ 1) 2.86E-08 0
Cu(OH)2 AQ 0.00000273 50.5
CuHC03 + (+ 1) 6.25E-09 0
CuHP04 4.05E-l1 0
Fe(st)OCu (+ 1) 0.000000133 2.5
'Fe(lNk)OCu (+ 1) 0.00000227 42.1
CuCI3 - (-1 ) 7.45E-18 0
CuCI2AQ 6.56E-13 0
CuCI4 -2 1 (-2) 1.42E-22 0
CuCI + (+ 1) 4.53E-l0 0
CuC03AQ 0.000000153 2.8
Cu(C03)2-2 (-2) 1.48E-l0 0
CuS04AQ 2.92E-09 0
ATACAMITE 0.0459 .........
AZURITE 0.00886 •••••••••
I'MtACHITE 0.564 .........
TENORITE 3.13 ..•...•..
CU(OH)2 0.299 ....•..••
CUPRICFERIT 0.0169 •.•....•.
CU2(OH)3N03 0.00000596 ..........
ANTLERITE 0.00125 .........
CUOCUS04 5.5E-15 .........
BROCHANTITE 0.0145 .........
LANGITE 0.000516 ...•.....
CU3(P04)2,3W U8E-11 ..........
CHALCANTHITE 6.24E-09 ...•.••.•
MELANOTHALLI 8.45E-17 .........
CUC03 0.000122 .•...•...
CU3(PO"4)2 9.54E-l0 .........
CUS04 1.4E-14 •........



MINEQl oulput for speciation of copper without considering contribution from sediment

~ocation 1 (Wet Period!. Dhanmondi lake

Name Cone. %Total
Cu(2+ ) 3.12E-08 0
Cu2(OH)2+2 (+2) 2.63E-l0 0
Cu(OH)3 - (-1) 9.88E-12 0
Cu(OH)4 -2 (-2) 1.68E-16 0
CuOH + (+ 1) 1.69E-08 0
Cu(OH)2 AQ 0.00000223 67.4
CuHC03 + (+1) 3.76E-09 0

CuHP04 1.15E-11 0
Fe(sl)OCu (+1) 5.76E-08 1.7
'Fe(INk)OCu (+1) 0.000000335 25.3
CuCI3 - (-1 ) 3.67E-19 0
CuCI2AQ 7.08E-14 0
CuCI4 -2 1 (-2) 2.28E-24 0
CuCI + (+1) 1.1E-10 0
CuC03AQ 0.000000128 3.9
Cu(C03)2-2 (-2) 2.25E-l0 0
CuS04AQ 1.17E-09 0
ATAG.AMITE 0.0173 ~. . . . .....
AZURITE 0.0115 .........
I#JACHITE 0.66 .........
TENORITE 4.35 .........
CU(OH)2 0.416 .........
CUPRICFERIT 0.0181 .........
CU2(OH)3N03 0.00000533 .........
IINTLERITE 0.000318 ..........
CUOCUS04 5.96E-15 ..........
BROCHIINTITE 0.00302 ..........
lI\NGITE 0.000428 .........
CU3(P04)2.3W 1.17E-12 .........
CHAlCANTHITE 2.27E-09 •• 'l ••••••

MElI\NOTHAlLI 9.7E-18 .........
CUC03 0.000101 .........
CU3(P04)2 6.28E-l1 ..........
CUS04 1.01E-14 • • 10 .• .• • • 10 •



MINEQL output for speciation of copper without considering contribution from sediment

Name Cone. %Tolal
Cu(2+) 3.14E-08 1.1
Cu2(OH)2+2 (+2) 9.29E-l1 0
Cu(OH)3 - (-1) 9.94E-12 0
Cu(OH)" -2 (-2) 1.71E-16 0
CuOH + (+ 1) 1.69E-08 0
Cu(OH)2AQ 0.00000223 76.8
CuHC03 + (+ 1) 3.64E-09 0
CuHP04 1.56E-ll 0
Fe(sl)OCu (+ 1) 3.05E-08 1.1
'Fe(wk)OCu (+ 1) 0.000000466 16.1
CuCI3 - (-, ) 2.37E-19 0
CuCI2 AQ 4.83E-14 0
CuC,", -2 1 (-2) 2.43E-24 0
CuCI + (+, ) 7.38E-ll 0
CuC03AQ 0,000000123 4.3
Cu(C03)2-2 (-2) 2.15E-l0 0
CuS04AQ 1.36E-09 0
ATACJlMITE 0.0065 .........
AZURITE 0.00253 .........
MA.l..ACHITE 0.248 .........
TENORITE 1.72 .........
CU(OH)2 0.165 .........
CUPRICFERIT 0.0113 .........
CU2(OH)3N03 0.00000185 .........
ANTlERITE 0.0004 .........
CUOCUS04 8.61E-16 .........
BROCHANTITE 0.0033 .........
lANGITE 0.0000464 •. •• •. •. •• •. •. t '"

CU3(P04)2,3W 2.16E-12 .........
CHAlCANTHITE 3.11E-09 .........
M:lANOTHAlU 5.94E-18 .........
CUC03 0.0000981 .........
CU3(P04)2 1.16E-l0 .........
CUS04 4.2E-15 •••••••••



MINEQL output for speciation of copper ••.•lhout considering contribution from sediment

Name Conc. %Total
Cu(2+) 4.08E-08 0
Cu2(OH)2+2 (+ 2) 4.37E-IO 0
Cu(OH)3 - (-I) 1.29E-l1 0
Cu(OH)4 -2 (-2) 2.3E-16 0
CuOH + (+ 1) 2.17E-08 0
Cu(OH)2 AQ 0.00000285 62.1
CuHC03 + (+ 1) 4.82E-09 0
CuHP04 1.0IE-II 0
Fe(sl)OCu (+ 1) 9.36E-08 2
'Fe(wk)OCu (+ I) 0.00000142 30.8
CuCI3 - (-I) 4.79E-18 0
CuCI2AQ 4.19E-13 0
CuC,", -2 1 (-2) 6.8E-23 0
CuCI + (+ 1) 3E-l0 0
CuC03AQ 0.000000163 3.6
Cu(C03)2-2 (-2) 3.07E-l0 0
CuS04AQ 1.56E-09 0
ATACAMITE 0.0614 •••• t ••••

AZURITE 0.0232 ..........
lv'ALACHITE 1.06 t.t •• _ •••

TENORITE 5.44 .........
CU(OH)2 0.52 .........
CUPRICFERIT 0.023 .........
CU2(OH)3N03 0.00000834 .........
ANTlERITE 0.0007 .........
CUOCUS04 9.6-4E-15 .........
BROCHANTITE 0.00853 .........
I.JIJolG ITE 0.00113 .........
CU3(P04)2,3W 1.15E-12 .........
CHALCANTHITE 3.04E-09 ••••• il' •••

M:I.JIJolO THALLI 5.73E-17 .........
CUC03 0.00013 .........
CU3(P04)2 6.2E-Il .........
CUS04 1.31E-14 .........



MINEQL out put ror speciation or copper without considering contribulion rrom sedimenl

Location 2(Wet PerlQ.!l1J~hanm.Q.ndij,a~

Name Cone. %Tolal
Cu(2+ ) 0.000000181 5.2
Cu2(OH)2+2 (+2) 1.39E-09 0
Cu(OH)3 - (-1) 3.63E-12 0
Cu(OH)4 -2 (-2) 2.49E-17 0
CuOH + (+ 1) 3.89E-08 1.1
Cu(OH)2 AQ 0.00000204 58.3
CuHC03 + (+ 1) 8.66E-Q9 0
CuHP04 1.88E-l0 0
Fe(st)OCu (+ 1) 5.55E-08 1.6
'Fe(wk)OCu (+ 1) 0.00000105 29.9
CuCI3 - (-1) 2.62E-18 0
CuCI2AQ 4.68E-13 0
CuCI4 -2 1 (-2) 1.79E-23 0
CuCI + (+ 1) 6.74E-l0 0
CuC03AQ 0.000000117 3.3
Cu(C03)2-2 (-2) 3.32E-l1 0
CuS04AQ 8.19E-09 0
ATACJlMITE 0.0393 ~........
AZURITE 0.00849 .........
tvWACHITE 0.541 .........
TENORITE 3.89 .........
CU(OH)2 0.372 .........
CUPRICFERIT 0.0164 .........
CU2(OH)3N03 0.0000109 .........
ANTlERITE 0.00189 .........
CUOCUS04 3.63E-14 ••• 11 •••••

BROCHANTITE 0,0164 .........
LANGITE 0.00218 .........
CU3(P04)2,3W 2.86E-l0 .........
CHALCANTHITE 0.000000016 ...............
MELANOTHALLI 6.39E-17 .........
CUC03 0.0000928 .........
CU3(P04)2 1.54E-08 •. •. •. •. •. •. •. •. •.
CUS04 6.88E-14 •• 11 ••••••



MINEQL output for speciation of copper without considering contribution from sediment

Locat io!!.1{ In!ermedi ate Perigjlj,_Ohanm9n dLLak~

Name Cone. %Total
Cu(2+ ) 0.000000526 15_5
Cu2(OH)2+2 (+ 2) 1.39E-09 0
Cu(OH)3 - (-1) 2_64E-12 0
Cu(OH)4 -2 (-2) L17E-17 0
CuOH + (+ 1) 7_02E-Q8 2_1
Cu(OH)2 AQ 0.00000233 68.4
CuHC03 + (+ 1) L51E-Q8 0
CuHP04 7.83E.ll 0
Fe(s!)OCu (+ 1) 3.72E-Q9 0
°Fe(wk)OCu (+ 1) 0.000000301 8.8
CuCI3 - (-1 ) 3.73E-18 0
CuCI2AQ 7.57E-13 0
CuCI4 -2 1 (-2) 4.22E-23 0
CuCI + (+ 1) L15E-09 0
CuC03AQ 0.000000128 3.8
Cu(C03)2-2 (-2) L46E-l1 0
CuS04AQ 2.71E-08 0
ATACJllvlITE 0.0244 .........
AZURITE 0.00232 .........
MCII..ACHITE 0.234 .........
TENORITE L57 .........
CU(OH)2 0.15 .........
CUPRICFERIT 0.011 .........
CU2(OH)3N03 0.00000679 .........
ANTLERITE 0_00878 .........
CUOCUS04 1.32E-14 .........
BROCHANTITE 0.0871 .tt ••••••

LANGITE 0.000783 .........
CU3(P04)2,3W 5.68E-ll .........
CHAlCANTHITE 6.34E-08 .........
IvELANOT~L1 9.17E-17 .........
CUC03 0.000102 .........
CU3(P04)2 3.05E-Q9 ..........
CUS04 7.2E-14 ••••• tt ••



IvIINEQl output for speciation of copper without considering contribution from sediment

location 3 (Dry PeriodLPhanrnondi lake

Name Cono. %Total
Cu(2+ ) 5.84E-08 1.5
Cu2(OH)2+2 (+2) 5.93E-l0 0
Cu(OH)3 - (-1 ) 9.28E-12 0
Cu(OH)4 -2 (-2) 1.24E-16 0
CuOH + (+ 1) 2.53E~8 0
Cu(OH)2 AQ 0.00000265 66.3
CuHC03 + (+ 1) 5.64E~9 0
CuHP04 1.47E-09 0
Fe(st)OCu (+ 1) 4.98E-08 1.2
'Fe(wk)OCu (+ 1) 0.00000105 26.3
CuCI3 - ( -1) 7.64E-18 0
CuCI2AQ 6.64E-13 0
CuCl4 -2 1 (-2) 1.05E-22 0
CuCI + (+ 1) 4.6E-l0 0
CuC03AQ 0000000152 3.8
Cu(C03)2-2 (-2) 1.66E-l0 0
CuS04AQ 2.81E~9 0
ATAC./lM1TE 0.0702 ..........
AZURITE 0.0191 •••••• t ••

IvWACHITE 0.928 .........
TENORITE 5.14 .........
CU(OH)2 0.491 ..........
CUPRICFERIT 0.0215 ............
CU2(OH)3N03 0.00000948 .........
ANTLERITE 0.00109 ..........
CUOCUS04 1.68E-14 .........
BROCHANTITE 0.0123 ..........
LANGITE 0.00171 ..........
CU3(P04)2,3W 2.28E-08 ..........
CHALCANTHITE 5.49E~9 ..........
MELANOTHALLI 9.09E-17 .........
CUC03 0.000121 ..........
CU3(P04)2 0.00000122 ...........
CUS04 2.41E-14 .........



MINEQL output for speciation of copper without considering contribution form sediment

Location 3 (vIet Period)._Dhanmondi Lake

Name Conc. %Total
Cu(2+ ) UlE-08 3.2
Cu2(OH)2+2 (+2) 4.43E-l0 0
Cu(OH)3 - (-1 ) 3.36E-12 0
Cu(OH)4 -2 (-2) 2.9E-17 0
CuOH + (+ 1) 2.27E-08 0
Cu(OH)2 AQ 0.0000015 57.7
CuHC03 + (+ 1) 5.04E-09 0
CuHP04 7.55E-l1 0
Fe(st)OCu (+ 1) 5.03E-08 1.9
'Fe(wk)OCu (+ 1) 0.000000346 32.5
CuCI3 - (-1 ) 9.66E-19 0
CuCI2AQ 1.85E-13 0
CuCI4 -2 1 (-2) 6.39E-24 0
CuCI + (+ 1) 2.85E-l0 0
CuC03AQ 8.57E-08 3.3
Cu(C03)2-2 (-2) 3.85E-l1 0
CuS04AQ 5.08E-09 0
ATAC.Al'v1ITE 0.0148 ...........
AZURITE 0.00306 .........
MAJACH ITE 0.275 .........
TENORITE 2.7 •• * ••••••

CU(OH)2 0.258 ..........
CUPRICFERlT 0.0117 .........
CU2(OH)3N03 0.00000437 ..........
ANTLERITE 0.000634 ..........
CUOCUS04 1.45E-14 ..........
BROCHANTITE 0.00406 ..........
LANGlTE 0.000463 .........
CU3(P04)2,3W HE-II .........
CHALCANTHlTE 0.00000001 ...........
Iv£LANO THAL LI 2.52E-17 .........
CUC03 0.000068 ..........
CU3(P04)2 1.83E-09 .........
CUS04 4E-14 .............



MINEQL output for speciation of copper without considering contribution from sediment

Name Cone. %Tolal

Cu(2+) 0.000000252 8.4

Cu2(OH)2+2 (+2) 5.41E-l0 0

Cu(OH)3 - (-1 ) 2.53E-12 0

Cu(OH)4 -2 (-2) 1.39E-17 0

CuOH + (+ 1) USE-OS 1.4

Cu(OH)2 AQ 0.00000179 59.5

CuHC03 + (+ 1) 9.22E-09 0

CuHP04 6.2E-l0 0

Fe(st)OCu (+ 1) 3.77E-08 1.3

'Fe(vlk)OCu (+ 1) 0.000000755 25.2

CuCI3 - (-1 ) 2.28E-18 0
CuCI2 AQ 4.32E-13 0

CuCI4 -2 1 (-2) 2.65E-23 0
CuCI + (+ 1) 6.13E-l0 0

CuC03AQ 9.88E-08 3.3
Cu(C03)2-2 (-2) 1.73E-11 0

CuS04AQ 1.57E-OS 0
ATACMlITE 0.0129 .........
AZURITE 0.00113

.........
IvWACHITE 0.145 .........
TENORITE 1.26 .........
CU(OH)2 0.121 .........
CUPRICFERIT 0.00863 .........
CU2(OH)3N03 0.00000338 .........
ANTLERITE 0.00299

.........
CUOCUS04 6.52E-15 •••••••••

BROCHANTITE 0.0228
.. .. .. •. .. .. .. .. .

LANGITE 0.00023 ..........
CU3(P04)2,3W 2.73E-09 .........
CI-lALCANTHITE 3.65E-08 ..........
ME LAN0 TI-lALLi 5.27E-17

.........
CUC03 0.0000785 •••••••••

CU3(P04)2 0.000000147
.........

CUS04 4.39E-14 •••••••••



MINEQL output for speciation of copper without considering contribution of sediment

Location 4 (Dry Period). Dhanmondi Lake

Name Cone. %Total

Cu(2+ ) 6.39E-08 1.8

Cu2(OH)2+2 (+2) 6.66E.l0 0

Cu(OH)3- (-1 ) 1.01E.l1 0

Cu(OH)4 -2 (-2) 1.45E-16 0

CuOH + (+ 1) 2.68E-08 0

Cu(OH)2 AQ 0.00000281 77.9

CuHC03 + (+ 1) 5.96E-09 0

CuHP04 2.09E-ll 0

Fe(st)OCu (+ 1) 2.99E-08 0

'Fe(VIk)OCu (+ 1) 0.000000501 13.9

CuCI3 - (-1) 5.92E-18 0

CuCI2AQ 5.57E-13 0

CuCI4 -2 1 (-2) 7.88E-23 0

CuCI + (+ 1) 4.31 E-l 0 0

CuC03AQ 0.000000161 4.5

Cu(C03)2-2 (-2) 1.93E-l0 0

CuS04AQ 4.27E-09 0

ATACPMIT£ 0.0685
..............

AZURIT£ 0.0217
•.....•........

M6J.ACHIT£ 1.01
................

TENORIT£ 5.31
....•.........

CU(OH)2 0.507
...............

CUPRICFERIT 0.0225
t •••.••••••••••

CU2(OH)3N03 0.0000101
................

ANTLERIT£ 0.00186
•...............

CUOCUS04 2.55E-14
......•.......

BROCHANTITE 0.0222
..............

LANGIT£ 0.00288
........••..•..

CU3(P04)2,3W 4.88E-12
••............•

CHALCANTH IT£ 8.36E-09
....•...•.•...

M::LANOTHALLI 7.61E-17
..........•....

CUC03 0.000127
...••..••••...

CU3(P04)2 2.62E.l0
.••••............

CUS04 3.55E-14
..••....••••..



MINEQL output for speciation of copper without considering contribution of sediment

Locallon 4 (Wet Period), Dhanmondi Lake

Name Cone. %Total
Cu(2+) 0.000000137 4.7
Cu2(OH)2+2 (+2) 6.S5E-l0 0
Cu(OH)3 - (-1) 2.74E-12 0
Cu(OH)4 -2 (-2) 1.9E-17 0
CuOH + (+ 1) 2,93E-OS 1
Cu(OH)2 AQ 0.00000154 52.9
CuHC03 + (+ 1) 6.49E-09 0
CuHP04 1.37E-l0 0
Fe(st)OCu (+ 1) 5.S3E-OS 2
'Fe(l"lk)OCu (+ 1) 0.00000104 35.7
CuCI3 - (-1) 1.13E-1S 0
CuCI2AQ 2.39E-13 0
CuCI4 -2 1 (-2) 7.07E-24 0
CuCI + (+ 1) 4.07E-10 0
CuC03AQ S,75E-OS 3
Cu(C03)2-2 (-2) 2.52E-l1 0
CuS04AQ 7.93E-09 0
ATAC/JMITE 0.0164 ...........
AZURITE 0.00295 ...........
MI'\lACH ITE 0.26S ............
TENORITE 2,58 ...........
CU(OH)2 0.247 ....•..••..
CUPRICFERIT 0.0116 ............
CU2(OH)3N03 0.00000531 .•...••..•.
ANTLERITE 0.00104 ......•....
CUOCUS04 1.99E-14 •••••••••••
BROCIWHITE 0.00683 ...........
LANGITE 0.000655 tt •••• t.t ••

CU3(P04)2,3W 1.15E-l0 ...........
CHALCANTHITE 1.59E.nS .t •••••••••

IvELANOTHALLI 3.22E-17 .....•.....
CUC03 0.0000695 t ••••••.••••

CU3(P04)2 6,19E-09 ........•...
CUS04 5.SE-14 ....•.......



MINEQL output for speciation of copper without considering conlribu1ion of sediment

Location 4 (Intermediate Period), Dhanmondl Lake

Name Cone. %Total
Cu(2+ ) 4.16E-l0 0
Cu2(OH)2+2 (+2) 1.04E-12 0
Cu(OH)3 - (-1) 6.62E-ll 0
Cu(OH)4 -2 (-2) 8.88E-15 0
CuOH + (+ 1) 1.8E-09 0
Cu(OH)2AQ 0.00000188 78.5
CuHC03 + (+ 1) 3.88E-l0 0
CuHP04 5.24E-12 0
Fe(sllOCu (+ 1) 2.97E-08 1.2
'Fe(wk)OCu (+ 1) 0.000000367 15.3
CuCI3 - (-1) 5.42E-21 0
CuCI2AQ 9.3E-16 0
CuCI4 -2 1 (-2) 6.53E-26 0
CuCI + (+ 1) 1.19E-12 0
CuC03AQ 0.000000105 4.4
Cu(C03)2-2 (-2) 1.11E-08 0
CuS04AQ 2.83E-l1 0
ATACJlMITE 0.000702 .................
AZURITE 0.00154 .................
IvWACHITE 0.177 •••••••••• t., •••

TENORITE 1.46 ...•••••...•...
CU(OH)2 0.139 ••• fI ••.•••••••••

CUPRICFERIT 0.00953 ...............
CU2(OH)3N03 0.000000168 ...............
ANTLERITE 0.00000597 ...............
CUOCUS04 1.52E-17 ."'t •• "'•••••••••

BROCHANTITE 0.000048 •..••.....•....
LANGlTE 0.000000612 ..••...••......
CU3(P04)2,3W 2.06E-13 ...............
CHALCANTHITE 6.49E-ll ...............
MELANOTHALLI 1.15E-19 ...............
CUC03 0.000083 ...••......•.•..
CU3(P04)2 l.l1E-ll ...............
CUS04 8.75E-17 .......•..•....



Iv1INEQL output for speciation of copper without considering contribution of sediment

Location 5 (Dry Period), Dhanmondl Lake

Name Cone. %Tolal
Cu(2+ ) 0.00000003 0
Cu2(OH)2+2 (+2) 3.63E-IO 0
Cu(OH)3 - (-I) 1.65E-II 0
Cu(OH)4 -2 (-2) 3.5E-16 0
CuOH + (+ I) 1.92E-08 0
Cu(OH)2 AQ 0.00000304 78.1
CuHC03 + (+ I ) 08E-09 0
CuHP04 7.14E-12 0
Fe(st)OCu (+ I) 0.000000039 0
'Fe(wk)OCu (+ I) 0.000000585 15
CuCI3 - (-I) 2.03E-18 0
CuCI2 AQ 2.16E-13 0
CuCI4 -2 I (-2) 2.3E-23 0
CuC/+ (+ I) 1.87E-IO 0
CuC03AQ 0.000000175 4.5
Cu(C03)2-2 (-2) 4.69E-IO 0
CuS04AQ 1.76E-09 0
ATACJlMITE 0.0507 •. lot ••••.••••••••

AZURITE 0.0305 .•••....•..•..•
MI\lACHITE 1.27 ........•......
TENORITE 6.1 ••• t ••••.•••••••

CU(OH)2 0.583 ...•.....•......
CUPRICFERfT 0.0251 ................
CU2(OH)3N03 0.00000838 •.•• t ••••• _t ••••

ANTlERITE 0.000895 ••• t •••••••••••

CUOCUS04 1.3E-14 t ••.•••.•••.•• t •••

BROCHANTITE 0.0116 •...••••....•..
LANGITE 0.00176 ..•.•....•......
CU3(P04)2,3W 6.17E-13 ••••• tt ••••••••

CHALCANTHITE 3.41E-09 ...••....•.....•
NELANOTHALLI 2.96E-17 •••• t ••••••••••

CUC03 0.000139 .t •••.••_••••.•••
CU3(P04)2 3.3IE-II •• t ••••••••••••

CUS04 1.56E-14 *t.t.tttttt.lltt



MINEOl output for speciation of copper without considering contribution of sedimenl

location 5 (Wet Period), Dhanmondi lake

Name Cone. %Tolal
Cu(2+ ) 9.56E-09 0
Cu2(OH)2+2 (+2) 5.78E-l1 0
Cu(OH)3 - (-1) 1.21E-l1 0
Cu(OH)4 -2 (-2) 3.36E-16 0
CuOH + (+ 1) 8.08E-09 0
Cu(OH)2 AO 0.00000169 52.8
CuHC03 + (+ 1) 1.8E-09 0
CuHP04 1.27E-12 0
Fe(st)OCu (+ 1) 0.000000111 3.5
'Fe(wk)OCu (+ 1) 0.00000128 40.1
CuCI3 - (-1 ) 8.59E-20 0
CuCI2AO L77E-14 0
CuCI4 -2 1 (-2) 5.27E-25 0
CuCI + (+ 1) 2.97E-l1 0
CuC03AQ 9.65E-08 3
Cu(C03)2-2 (-2) U7E-l0 0
CuS04AO 4.59E-l0 0
ATACAMITE 0.00554 ••....•.•......
AZURITE 0.00449 •••••••••• t ••••

IvWACHITE 0.354 ................
TENORITE 3.09 .t ........... ,.
CU(OH)2 0.295 ..•••.•.•......
CUPRICFERIT 0.0133 ...............
CU2(OH)3N03 0.00000177 .....•..........
ANTlERITE 0.0000726 ......••........
CUOCUS04 L53E-15 •••••••••••••••
BROCHANTfTE 0.000523 ...............
lANGfTE 0.0000622 ................
CU3(P04)2,3W L08E-14 ......•........
CHAlCANTHITE 9.04E-l0 ...............
IvElANOTHAlll H1E-18 ...............
CUC03 0.0000767 •••••••••••••••
CU3(P04)2 5.83E-13 ...•......•.....
CUS04 3.68E-15 ....•..........



MINEQL output for speciation of copper without considering contribution of sediment

Location 5 (Intermediate Period), Dhanmondi Lake

Name Cone. %Total
Cu(2+) 5.02E-09 0
Cu2(OH)2+2 (+2) 8.48E-12 0
Cu(OH)3 - (-1 ) 1.26E-l1 0
Cu(OH)4 -2 (-2) 4.42E-16 0
CuOH + (+ 1) . 5.35E-09 0
Cu(OH)2 AQ 0.00000141 70.3
CuHC03 + (+ 1) 1.15E-09 0
CuHP04 9.39E-13 0
Fe(st)OCu (+ 1) 4.23E-08 2.1
.Fe(wk)OCu (+ 1) 0.000000461 23
CuCI3 - (-1 ) 4.46E-20 0
CuCI2AQ 8.46E-15 0
CuCI4 -2 1 (-2) 5.22E-25 0
CuCI + (+ 1) 1.21E-l1 0
CuC03AQ 7.7SE-OS 3.9
Cu(C03)2-2 (-2) 5.51E-10 0
CuS04AQ 2.6E-l0 0
ATACNvlITE 0.00126 ...•...........
.AZURITE 0.000553 .•.....••......
MALACHITE 0.09 ................•TENORITE 0.996 ...............
CU(OH)2 0.0951 ...............
CUPR rCFER IT 0.00619 .........•.....
CU2(OH)3N03 0.000000331 •••••••••• tt •••

ANTLERITE 0.0000308 ....••......•..
CUOCUS04 8.51E-17 ....•..........
BROCMNTITE 0.000185 .••....•........
LANGITE 0.00000187 •••••••••••••••
CU3(P04)2,3W 4.94E.15 ........•......
CHAlCANTHITE 6.05E-l0 ......•........
MOLANOTHAlLI 1.03E-1S ................
CUC03 0.0000618 •••••••••••••••
CU3(P04)2 2.65E-13 .....••........
CUS04 7.28E-16 ..... "' .........



MINEQL output for speciation of copper without considering conlribution from sediment

Loc~tion 6(Q!yJ'er19.QlJ)hanmondl Lake

Name Cone. 0/0Total
Cu(2+) 4.38E-08 1.2
Cu2(OH)2+2 (+2) 5.12E-l0 0
Cu(OH)3 - (-1) 1.39E-ll 0
Cu(OH)4 -2 (-2) 2.5E-16 0
CuOH + (+ 1) 2.31E-08 0
Cu(OH)2AQ 0.00000305 84.7
CuHC03 + (+ 1) 5.15E-09 0
CuHP04 9.94E-12 0
Fe(sl)OCu (+ 1) 5.28E-09 0
'F e(V'lk)OCu (+ 1) 0.000000296 8.2
CuCI3 - (-1 ) a.89E-18 0
CuCI2AQ 5.45E-13 0
CuC" -2 1 (-2) 1.08E-22 0
CuCI + (+ 1) 3.55E-1O 0
CuC03AQ 0.000000175 4.8
Cu(C03)2-2 (-2) 3.34E-l0 0
CuS04AQ 0.000000002 0
ATACA'vlfTE 0.0784 ..........
AZURfTE 0.029 .........
Iv1Al.ACHfTE 1.23 .. .. .. .. .. .. .. .. •.
TENORfTE 5.91 .........
CU(OH)2 0.565 .........
CUPRICFERfT 0.0247 .........
CU2(OH)3N03 0.00000964 .........
ANTLERfTE 0.00103 •••••••••
CUOCUS04 1.38E-14 .........
BROCHANTfTE 0.0134 •• tt •••••

LANGfTE 0.00185 .. .. .. •. .. .. .. .. •.
CU3(P04)2,3W 1.2E-12 .........
CHALCANTHfTE 3.91E-09 .. .. .. .. .. .. .. .. ..
tvELANO THALLI 7.46E-17 .........
CUC03 0.000139 .........
CU3(P04)2 6.44E-ll .. .. .. .. .. .. .. .. .
CUS04 1.72E-14 ..........



MINEQl output for speciation of copper without considering contribution of sediment

location 6 (Wet Period), Dhanmondi lake

Name Cone. 'YoTotal
Cu(2+ ) 6.39E-08 2
Cu2(OH)2+2 (+2) 4.i3E-l0 0
Cu(OH)3 - (-1 ) 5.09E-12 0
Cu(OH)4 -2 (-2) 5.54E-17 0
CuOH + (+ 1) 2.17E-08 0
Cu(OH)2 AQ 0.00000181 56.4
CuHC03 + (+ 1) 4.83E-09 0
CuHP04 5.11E-11 0
Fe(st)OCu (+ 1) 6.81E-08 2.1
.Fe(~)OCu (+ 1) 0.00000113 35.2
CuCI3 - (-1) 8.49E-19 0
CuC/2AQ 1.55E-13 0
CuCI4 -2 1 (-2) 5.83E-24 0
CuCI + (+ 1) 2.28E-l0 0
CuC03AQ 0.000000103 3.2
Cu(C03)2-2 (-2) 7.37E-11 0
CuS04AQ 4.5E-09 0
ATACJlMITE 0.0181 ...... "........
AZURITE 0.00549 ......... - ........
f'.MI.ACHITE 0.405 ...............
TENORITE 3.3 ....•..........
CU(OH)2 0.316 •.....•........
CUPRICFERIT 0.0142 ...... ,. ........
CU2(OH)3N03 0.00000512 ...........•...
ANnERITE 0.000814 ... ,. ..•.•......
CUOCUS04 1.61E-14 ••.............
BROCHANTITE 0.00627 ................
LANGITE 0.000746 ••.•...•.......
CU3(P04)2,3W 1.88E-ll .••..•..•.•.....
CHALCANTHITE 8.88E-09 ...............
tvELANOTHALl I 2.11E-17 ....•...........
CUC03 0.000082 ....••.........
CU3(P04)2 1.01E-09 •••••••••••••••
CUS04 3.62E-14 ••• 1010 ••••••••••



MINEQL output for speciation or copper without considering conlribution rrom sediment

Location 8"(lntermediate Perio.!!lphanmondi Lake

Name Conc. %Total
Cu(2+) 0.000000242 10.5
Cu2(OH)2+2 (+2) 5.19E-l0 0
Cu(OH)3 - (-1) 2.42E-12 0
Cu(OH)4 -2 (-2) U5E-17 0
CuOH + (+ 1) 4.07E-Q8 1.3
Cu(OH)2 AQ 0.0000017 73.7
CuHC03 + (+1) 8.77E-Q9 0
CUHP04 4.05E-l1 0
Fe(st)OCu (+ 1) 2.25E-09 0
'Fe(vA<)OCu (+.1) 0.0000002 S.7
CuCI3 - (-1) 2.42E-18 0
CuCI2AQ 4.41E-13 0
CuCI4 -2 1 (-2) 2.87E-23 0
CuCI + (+ 1) 6.09E-IO 0
CuC03AQ 9.39E-08 4.1
Cu(C03)2-2 (-2) 1.69E-Il 0
CuS04AQ 1.41E-Q8 0
ATACPMITE 0.0126 .........
AZURITE 0.00104 ..........
Ml\l..ACH ITE 0.137 .........
TENORITE 1.26 .........
CU(OH)2 0.12 .........
CUPRICFERIT 0.00838 .........
CU2(OH)3N03 0.00000318 .........
ANnERITE 0.00242 .........
CUOCUS04 6.17E-15 t ••••••••

BROCHANTITE 0.0175 .........
LANGITE 0.000199 ..........
CU3(P04)2,3W 1.11E-11 ..........
CHAlCANTHITE 3.26E-QS •••••••••
MELANOtHALU 5.4E-17 .........
CUC03 0.0000746 ..........
CU3(P04)2 5.95E-IO ..........
CUS04 4.15E-14 .........



MINEQL output for speciation of copper without considering contribution of sediment

Location 7 (Dry Period), Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 2.25E-OS 0
Cu2(OH)2+2 (+2) 2.6E-l0 0
Cu(OH)3 - (-1 ) 1.88E-ll 0
Cu(OH,.. -2 (-2) 4.66E-16 0
CuOH + (+ 1) 1.64E-08 0
Cu(OH)2 AQ 0.00000298 60.9
CuHC03 + (+ 1) 3.65E-Q9 0
CuHP04 3.98E-12 0
Fe(st)OCu (+ 1) 0.000000113 2.3
'Fe(wk)OCu (+ 1) 0.00000159 32.4
CuCI3 - (-1) 6.2E-18 0
CuCI2AQ 4.07E-13 0
CuCI4 -2 1 (-2) 1.17E.22 0
CuCI+ (+ 1) 2.2E-l0 0
CuC03AQ 0000000171 3.5
Cu(C03)2-2 (-2) 6.24E-l0 0
CuS04AQ 1.14E-Q9 0
ATACJlMITE 0.0661 ......•••••...•...
AZURITE 0.0276 ...••..........
fWlJACHITE 1.19 •• t ••.•••••••.•••

TENORITE 5.83 •..•....••.....
CU(OH)2 0.557 •••• t.t ••••••••

CUPRICFERIT 0.0243 ••.••.• t ••• t.t •••

CU2(OH)3N03 0.00000674 ...............
ANTLERITE 0.000557 ................
CUOCUS04 7:7BE-15 •..•...••.......
BROCHANTITE 0.00709 •.••.•.........•....
LANGITE 0.001 ...........•••...
CU3(P04)2,3W 1.88E-13 ......•.....••.
CHALCANTH ITE 2.21E-Q9 ..........•.....
M:LANOTHALLI 5.57E-17 .......•........
CUC03 0.000136 ••••••••..••• tt.

CU3(P04)2 1.01E-ll ...............
CUS04 9.B1E.15 ...... "...•......



MINEQL output for speciation of copper without considering contribution of sediment

!,ocation 7 (We-.L~riod), Dhanmondi lake

Name Cone. %TotalCu(2+) 0.000000014 0Cu2(OH)2+2 (+2) 7.92E-l1 0Cu(OH)3 - (-1) 8.85E-12 0Cu(OH)4 -2 (-2) 1.9E-16 0CuOH + (+ 1) 9.53E-09 0Cu(OH)2 AQ 0.00000158 46.5CuHC03 + (+ 1) 2.12E-09 0CuHP04 5.12E-12 0Fe(st)OCu (+ 1) 0.000000128 3.8'Fe(wk)OCu (+ 1) 0.00000157 46.3CuCI3 - (-1 ) 2.09E-18 0CuCI2AQ 1.71E-13 0CuCI4 -2 1 (-2) 3.18E-23 0CuC/+ (+ 1) 1.13E-l0 0CuC03AQ 9.04E-08 2.7Cu(C03)2-2 (-2) 2.53E-l0 0CuS04AQ 1.69E-l0 0ATACAMITE 0.0156 ...............
AZURITE 0.00369 ..•...•.....•••
tvWACHITE 0.31/ t ••••••••••••••

TENORITE 2.89 ..•...•..••....
CU(OH)2 0.276 ...............
CUPRICFERIT 0.0125 •..•....•...•..
CU2(OH)3N03 0.00000198 ................
ANTlERITE 0.0000235 •...•...•......
CUOCUS04 5.29E-16 ...•...........
BROCHANTITE 0.000158 ..•.....•..•...
lANGITE 0.0000188 ..•••.•..••...•
CU3(P04)2.3W 1.65E-13 ........•...•...
CHALCANTHITE 3.33E-l0 ..........•....
MElANOTHALLI 2.33E-17 •...•..........
CUC03 0.0000718 ...............
CU3(P04)2 8.86E-12 ..•......•••..•
CUS04 1.36E-15 .....•...•.....



MINEQL output for speciation of coppeer without considering contribution of sediment

L_o_catio[lLUn!~UII\tc!i~~PeriQ.<U•..QhanmonJllJ.M~

Name Conc. %Total
Cu(2+ ) 3.24E-09 0
Cu2(OH)2+2 (+2) 9.66E-12 0
Cu(OH)3 - (-1 ) 3.25E-ll 0
Cu(OH)4 -2 (-2) 1.68E-15 0
CuOH + (+ 1) 5.66E-09 0
Cu(OH)2 AQ 0.00000236 67.4
CuHC03 + (+ 1) 1.22E-09 0
CuHP04 9.69E-13 0
Fe(sl)OCu (+ 1) 7.82E4l8 2.2
'Fe(wk)OCu (+ 1) 0.000000919 26.2
CuCI3 - (-1 ) 5.04E-28 0
CuCI2AQ 3.83E-20 0
CuCI4 -2 1 (-2) 1.39E-35 0
CuCI + (+ 1) 2.12E-14 0
CuC03AQ 0.000000131 3.7
Cu(C03)2-2 (-2) 2.1E4l9 0
CuS04AQ 1.36E-l0 0
ATACJlMITE 0.00000607 ...............
AZURITE 0.00281 ........•........
tvWACHITE 0.265 .......•.........
TENORITE 1.75 ._t ...•......•.
CU(OH)2 0.167 ...............
CUPRICFERIT 0.0117 ................
CU2(OH)3N03 0.00000064 •..••..........
ANTLERITE 0.0000452 ...............
CUOCUS04 8.26E-17 ...............
BROCHANTITE 0.000455 ................
LANGITE 0.00000516 ...............
CU3(P04)2.3W 8.82E-15 •••••••••••••••
CHALCANTHITE 3.14E-l0 ...............
~LANOTHALLI 4.69E-24 ...............
CUC03 0.000104 ....••••....•..
CU3(P04)2 4.74E-13 ...............
CUS04 4E-16 .••...•.••..••.



Mineql output for speciation of copper withoul considering contribution from sediment

Location 1 (Dry Period), Ramna Lake

Name Cone. %Total

Cu(2+ ) 5.87E-l0 0

Cu2(OH)2+2 (+2) 8.72E-12 0

Cu(OH)3 - (-1 ) 9.32E-l1 0

Cu(OH)4 -2 (-2) 1.19E-14 0

CuOH + (+ 1) 2.6E-09 0

Cu(OH)2AQ 0.00000272 77.6

CuHC03 + (+ 1) 5.85E-l0 0

CuHP04 3.44E-13 0

Fe(sl)OCu (+ 1) 4.71E-08 1.3

°Fe(wk)OCu (+ 1) 0.000000558 15.9

CuCI3 - (-1) 1.08E-20 0

CuCI2AQ 1.9E-15 0

CuCI4 -2 1 (-2) 5.98E-26 0

CuCI+ (+ 1) 2.67E-12 0

CuC03AQ 0.000000157 4.5

Cu(C03)2-2 (-2) 1.63E-08 0
CuS04AQ 1.83E-l1 0

ATACAMITE 0.00512 .** •.•••••

AZURITE 0.0341 .........
MOJACHITE 1.36 .........
TENORITE 7.19 .........
CU(OH)2 0.687 .........
CUPRICFERIT 0.0259 .........
CU2(OH)3N03 0.000000355

.........
ANTLERITE 0.00000729 ••••• *1*.

CUOCUS04 2.26E-16
.........

BROCHANTITE 0.0000845 ••••• ttt ••

LANGITE 0.0000262 .........
CU3(P04)2,3W 7.72E-15

.. .. .. .. .. .. •. •. ..
CfW.CANTHITE 3.39E-l1

.........
Jv'CLANOTfW. LI 2.69.E-19 .........
CUC03 0.000125 .........
CU3(P04)2 4.14E-13 .........
CUS04 2.22E-16 .........



MINEQL output for speciation of copper without considering contribution from sediment

Name Conc. %Total
Cu(2+) 0.00000012 10
Cu2(OH)2+2 (+2) 4.64E-l0 0
Cu(OH)3 - (-1 ) 1.2E-12 0
Cu(OH)4 -2 (-2) 6.58E-18 0
CuOH + (+ 1) 2.04E-Q8 1.7
Cu(OH)2 AQ 0.000000851 71
CuHC03 + (+ 1) 4.57E-09 0
CuHP04 6E-ll 0
Fe(st)OCu (+ 1) 1.74E-09 0
'Fe(lNk)OCu (+ 1) 0.000000146 12.1
CuC/3 - (-1) 1.91E-19 0
CuCI2 AQ 7.23E-14 0
CuCI4 -2 1 (-2) 5.63E-25 0
CuCI + (+ 1) 2.23E-l0 0
CuC03AQ 0.000000049 4.1
Cu(C03)2-2 (-2) 8.88E-12 0
CuS04AQ 5.9E-Q9 0
ATAG.Al\4ITE 0.0048 .........
AZURITE 0.000806 .........
IvWACHITE 0.112 .........
TENORITE 1.91 ..........
CU(OH)2 0.183 ..........
CUPRICFERIT 0.00745 .........
CU2(OH)3N03 0.000000702 .........
ANTLERlTE 0.000233 .........
CUOCUS04 1.58E-14 .........
BROCHANTITE 0.000847 .........
LANGITE 0.000172 .........
CU3(P04)2.3W 1.22E-l1 .........
CHAlCANTHITE 1.12E-08 .........
IvELANOTHAlLI 1.01E-17 .........
CUC03 0.0000389 •••••••••
CU3(P04)2 6.55E-l0 •••• t ••••

CUS04 5.95E-14 .........



MINEQL output for speciation of copper without considering contribution from sediment

Location 1(lntermedlate Period)fumna lake

Name Cone. 0/0Total
Cu(2+) 0.00000a.56 14.2
Cu2(OH)2+2 (+2) 8.26E-l0 0
Cu(OH)3 - (-1) 1.15E-12 0
CU(OH)4 -2 (-2) 3.9E-18 0
CuOH + (+ 1) 4.92E-08 1.5
Cu(OH)2AQ 0.00000129 40.5
CuHC03 + (+ 1) 1.06E~8 0
CUHP04 1.8E~9 0
Fe(st)OCu (+ 1) 6.24E-08 2
'Fe(wk)OCu (+ 1) 0.00000124 33.6
CuCI3 - (-1 ) 1.86E-18 0
CuCI2AQ 4.7E-13 0
CuCI4 -2 1 (-2) 1.5E-23 0
CuCI+ (+ 1) 3.83E-l0 0
CuC03AQ 7.19E-08 2.2
Cu(C03)2-2 (-2) 4.91E-12 0
CUS04AQ 1.59E~8 0
ATACAMITE 0.00935 .........
AZURITE 0.000535 .........
MGJ.ACHITE 0.0878 .........
TENORITE 1.05 •••••••••
CU(OH)2 0.1 .. .. .. .. .. .. .. .. ..
CUPRICFERIT 0.0067 .........
CU2(OH)3N03 0.000000809 .........
ANTLERITE 0.00158 .........
CUOCUS04 6.47E-15 .... ., ....
BROCHANTITE 0.0087 •••••••••

lANGITE 0.000124 .........
CU3(P04)2.3W 1.66E~8 .........
CHAlCANTHITE 3.61E~8

.. .. .. .. .. .. .. .. ..
MElANOTHALLI 5.82E-17

.. .. .. .. .. •. .. .. .
CUC03 0.0000571 .........
CU3(P04)2 0.000000894 •••••••••

CUS04 5.16E-14 ..........



MINEQl output for speciation of copper with considering contribution from sediment

~ocation 2(Dry Period),Ramna lak~

Name Cone. %Total
Cu(2+ ) 2.38E-l0 0
Cu2(OH)2+2 (+2) 3.37E-12 0
Cu(OH)3 - (-1 ) lo5E-l0 0
Cu(OH)4 -2 (-2) 3.17E-14 0
CuOH + (+1) 1.63E-09 0
Cu(OH)2 AQ 0.00000271 82.2
CuHC03 + (+1) 3.68E-l0 0
CuHP04 8.5E-13 0
Fe(st)OCu (+1) 3.03E-OS 0
'Fe(wk)OCu (+ 1) 0.000000355 10.8
CuCI3 - (-1 ) lo61E-21 0
CuCI2AQ 3.87E-16 0
CuCI4 -2 1 (-2) 6.87E-27 0
CuCI + (+1) 7.53E-13 0
CuC03AQ 0.000000157 4.8
Cu(C03)2-2 (-2) 01E-08 1.3
CuS04AQ 1.32E-l1 0
ATACA'vIITE 0.00222 •. ,,**."' •••

AZURITE 0.0318 .• ****."' ••
IVWACHITE 1.29 .........
TENORfTE 6.89 .........
CU(OH)2 0.658 ..........
CUPR ICFER IT 0.0253 .........
CU2(OH)3N03 0.000000209 t .••••••••

ANTlERITE 0.00000526 ..........
CUOCUS04 lo49E-16 .........
BROCHANTITE 0.0000608 •• * ••••••

lANGITE 0.000017 .. "." ....
CU3(P04)2,3W I.SE-15 ...........
CHAlCANTHITE 2.46E-ll ..........
MElANOTHAlll 5.46E-20 .........
CUC03 0.000125 .........
CU3(P04)2 4.19E-13 ...........
CUS04 lo53E-16 .........



MINEQL output for speciation of copper without considering contribulion from sediment

Location 2(Wel Periodl. Ramna Lake

Name Cone. 'YoTolal
Cu(2+) 0.000000189 6.8
Cu2(OH)2+2 (+2) 1.92E-09 0
Cu(OH)3 - (-1 ) 3.79E-12 0
Cu(OH)4 -2 (-2) 2.59E-17 0
CuOH + (+ 1) 4.06E-C8 1.5
Cu(OH)2 AQ 0.00000213 76.2
CuHC03 + (+1) 9.12E-C9 0
CuHP04 l.64E-lO 0
Fe(sl)OCu (+ 1) 4.21E-09 0
"Fe(wk)OCu (+ 1) 0.000000288 10.3
CuCI3 - (-1 ) 4.11E-19 0
CuC/2AQ 1.41E-13 0
CuCI4 -2 1 (-2) 1.3E-U 0
CuCI+ (+ 1) 3.96E-l0 0
CuC03AQ 0.000000123 4.4
Cu(C03)2-2 (-2) 3.51E.l1 0
CuS04AQ 8.01E-09 0
ATACJlMrTE 0.0276 ............
AZURITE 0.0135 ..........
MlijACHrTE 0.734 .........
TENOR/TE 5 .........
CU(OH)2 0.477 .........
CUPR/CFERrT 0.0191 .........
CU2(OH)3N03 0.00000368 .........
AAnERITE 0.00198 ..... " ...
CUOCUS04 5.89E-14 .........
BROCHANTITE 0.018 ...........
LAAGrTE 0.00408 .........
CU3(P04)2,3W 2.29E-10 .........
CHAlCANTH rTE 1.51E-C8 .........
MELAAOTHALU 1.97E-17 •• t ••••••

CUC03 0.0000977 .........
CU3(P04)2 1.23E-08 ..........
CUS04 8.46E-14 .........



MINEQL output for speciation of copper without considering contribution from sediment

Location 2(1ntermediate PeriodI.LRamn,! ...!--ake

Name Cone. %Total
Cu(2+) 0.00000011 4
Cu2(OH)2+2 (+2) 2.74E-IO 0
Cu(OH)3 - (-1 ) 4.39E-12 0
Cu(OH)4 -2 (-2) 3.77E-17 0
CuOH + (+ 1) 2.98E-08 1.1
Cu(OH)2 M.J. 0.00000197 71.9
CuHC03 + (+ 1) 6.43E-09 0
CuHP04 1.36E-IO 0
Fe(sl)OCu (+ 1) 8.2E-09 0
.Fe(wk)OCu (+ I) 0.0000005 18.3
CuCI3 - (-I) 2.12E-19 0
CuCI2 M.J. 6.8E-14 0
CuCIol -2 1 (-2) 1.41E-U 0
CuC/+ (+ 1) 1.63E-IO 0
CuC03AQ 0.000000109 4
Cu(C03)2-2 (-2) 4.71E-11 0
CuS04AQ 4.68E-09 0
ATACA'v1fTE 0.00617 .........
AZURITE 0.00163 .........
MtlJ..ACHfTE 0.185 .........
TENORfTE 1.46 ..........
CU(OH)2 0.139 .........
CUPRICFERIT 0.00974 .. .. •. .. •. •. •. .. ..
CU2(OH)3N03 0.000000673 ..........
ANTlERfTE 0.00108 ...........
CUOCUS04 2.37E-15 ..........
BROCHANTITE 0.0091 .........
LANGITE 0.000103 .........
CU3(P04)2,3W 1.45E-IO .........
CHALCANTHITE 1.08E-08 .. .. .. .. .. .. .. .. ..
IvELANO THALLI 8.33E-18 .. •. .. •. •. •. •. •. •.
CUC03 0.0000867 .. .. •. •. .. .. .. .. ..
CU3(P04)2 7.81E-09 •. •. •. •. •. •. •. •. •.
CUS04 1.38E-14 .. .. .. •. .. .. .. .. ..



MINEQl output for speciation of copper without considering contribution from sediment

~ocation lill.!Y Periol!l, Ramna lake

Name Conc. %Total
Cu(2+ ) 0.000000646 24.8
Cu2(OH)2+2 (+2) 4.06E-09 0
Cu(OH)3 - (-1) 8.15E-13 0
Cu(OH)4 -2 (-2) 2.24E-18 0
CuOH + (+ 1) 0.000000055 2.1
Cu(OH)2 AQ 0.00000115 44.2
CuHC03 + (+ 1) 1.24E'{)8 0
CUHP04 1.89E'{)9 0
Fe(st)OCu (+ 1) 2.98E'{)8 1.1
'Fe(wk)OCu (+ 1) 0.00000059 22.7
CuCI3 - (-1 ) 5.76E-18 0
CuCI2 AQ 1.24E-12 0
CuCI4 -2 1 (-2) 2.7E-23 0
CuCI+ (+ 1) 2.23E'{)9 0
CuC03AQ 6.65E'{)8 2.6
Cu(C03)2-2 (-2) 3.05E-12 0
CuS04AQ 3.95E-08 1.5
ATACAMrTE 0.036 .........
AZURITE 0.00258 .........
M4J.ACHITE 0.242 .........
TENORITE 3.04 .........
CU(OH)2 . 0.29 .........
CUPRICFERIT 0.0109 .........
CU2(OH)3N03 0.00000307 .........
ANTLERITE 0.00281 .........
CUOCUS04 2.06E-13 .........
BROCHANTITE 0.0138 •• t ••••••

LANGrTE 0.00427 .........
CU3(P04)2,3W I.ME-08 .........
CHALCANTHrTE 0.000000073 ..........
IvELANOTHALlI 1.76E-16 ..........
CUC03 0.0000528 ..........
CU3(P04)2 0.00000088 •••••••••
CUS04 4.77E-13 .........



MINEQl output for speciation of copper without considering contribution from sediment

location 3(Wel Period), Ramna lake

Name Conc. %Tolal
Cu(2+) 1.06E-08 0
Cu2(OH)2+2 (+2) 9.45E-l1 0
CulOH)3 - (-1 ) 1.34E-l1 0
Cu(OH)4 -2 (-2) 3.69E-16 0
CuOH + (+ 1) 8.98E-09 0
Cu(OH)2AQ 0.00000188 78.2
CuHC03 + (+ 1) 2.01E-09 0
CuHP04 1.6E-12 0
Fe(sl)OCu (+ 1) 2.91E-08 1.2
'Fe(wk)OCu (+ 1) 0.000000363 15.1
CuCI3 - (-1 ) 1.89E-20 0
CuCI2 AQ 6.88E-15 0
CuCI4 -2 1 (-2) 5.68E-26 0
CuCI + (+ 1) 2.06E-l1 0
CuC03AQ 0.000000108 4.5
Cu(C03)2-2 (-2) 4.99E-l0 0
CuS04AQ 8.29E-l0 0
ATACM1ITE 0.00503 .........
AZURITE 0.00922 .........
rvwACHITE 0.568 .........
TENORITE 4.4 .........
CU(OH)2 0.42 .........
CUPRICFERIT 0.0168 .........
CU2(OH)3N03 0.00000071 .........
ANTlERITE 0.000159 .........
CUOCUS04 5.37E-15 •• ' ••• 1 ••

BROCHANTITE 0.00127 .........
LANGITE 0.000288 •••••••••
CU3(P04)2,3W 1.91E-14 ..........
CHAlCANTHITE 1.56E-09 .........
MELANOTHAlLI 9.63E-19 ...........
CUC03 0.0000859 .........
CU3(P04)2 1.02E-12 .........
CUS04 8.76E-15 .........



MINEQL output for specialion of copper withoul considering contribution from sedimenl

Location 3(1nlermediale Perl!l.!!J,Ramna Lake

Name Cone. 'YoTotal
Cu(2+) 8.95E-08 2
Cu2(OH)2+2 (+2) 1.59E-tO 0
Cu(OH)3 - (-1 ) 3.57E-12 0
Cu(OH)4 -2 (-2) 3.99E-17 0
CuOH + (+ 1) 2.12E-08 0
Cu(OH)2 AQ 0.0000014 31.2
CuHC03 + (+ 1) 4.58E-09 0
CuHP04 2.49E-12 0
Fe(sl)OCu (+ 1) 0.000000206 4.6
'Fe(wk)OCu (+ 1) 0.0000027 59.9
CuCI3 - (-1 ) 8.03E-20 0
CuCI2AQ 2.91E-14 0
CuCI4 -2 1 (-2) 5.4E-25 0
CuCI + (+ 1) 8.99E-l1 0
CuC03AQ 7.77E-OS 1.7
Cu(C03)2-2 (-2) 4.99E-l1 0
CuS04AQ 1.52E-09 0
ATACMlITE 0.00243 •• It •• " •••• ,

AZURITE 0.00059 ...........
Ml\l.ACHITE 0.0939 ..........
TENORITE 1.04 .........
CU(OH)2 0.0992 .........
CUPRICFERIT 0.00694 .........
CU2(OH)3N03 0.000000299 .........
ANTLERITE 0.000178 .........
CUOCUS04 5.49E-16 •••••••••
BROCHANTfTE 0,00107 .. .. .. .. .. .. .. .. ..
LANGITE 0.0000121 .........
CU3(P04)2,3W 3.47E-14 .........
CHALCANTHITE 3.51E-09 ..........
MELANOTHALLI 3.57E-18 .. .. .. .. .. .. .. .. ..
CUC03 0.0000617 .. .. .. .. .. .. .. .. ..
CU3(P04)2 1.86E-12 .. .. .. .. .. .. .. .. ..
CUS04 4.47E-15 .........



Mineql output for speciation of copper without considering contribution from sediment

Location 4 (Dry Period),Ramna Lake

Name Conc. %Tolal
Cu(2+ ) 2.59E-l0 0
Cu2(OH)2+2 (+2) 4E-12 0
Cu(OH)3 - (-1) 1.64E-l0 0
Cu(OH)4 -2 (-2) 3.48E-14 0
CuOH + (+ 1) 1,78E-09 0
Cu(OH)2 AQ 0.00000295 86.8
CuHC03 + (+ 1) 4E-l0 0
CuHP04 9.25E-13 0
Fe(st)OCu (+ 1) 6.04E-Q9 0
'Fe(wf<)OCu (+ 1) 0.000000223 6.6
CuCI3 - (-1) 1.96E-21 0
CuCI2AQ 4.52E-16 0
CuCI4 -2 1 (-2) 8.71E-27 0CuCI + (+ 1) 8.48E-13 0
CuC03AQ 0.000000171 5
Cu(C03)2-2 (-2) 4.74E-Q8 1.4
CuS04AQ 1.7E-ll 0
ATAC.AIvIITE 0.00273 .........
AZURITE 0.0409 .........
MllJACHITE 1.53 .........
TENORITE 7.49 .........
CU(OH)2 0.716 .........
CUPRICFERIT 0.0275 .........
CU2(OH)3N03 0.000000246 .... "' ....
ANTLERITE 0.00000801 .........
CUOCUS04 2.08E-16 .........
BROCHANTITE 0.000101 .........
lANGITE 0.0000282 .........
CU3(P04)2,3W lE-14 .........
CHAlCANTHITE 3.17E-l1 .........
tvElANOTHAlLI 6.38E-20 .........
CUC03 0.000135 ..........
CU3(P04)2 5.4E-13 t ••••••••

CUS04 1.97E-16 .........



Mineqloutput for speciation of copper without considering contribution from sediment

Location 4 (Wet Periodl,Ramna Lake

Name Cone. %Total
Cu(2+) 8.33E-ll8 4.4
Cu2(OH)2+2 (+2) 5.61E-l0 0
Cu(OH)3 - (-1) 3.32E-12 0
Cu(OH)4 -2 (-2) 2.88E-17 0
CuOH + (+ 1) 2.25E-ll8 1.2

Cu(OH)2 AQ 0.00000148 78.1
CuHC03 + (+ 1) 5.03E-ll9 0
CuHP04 5.66E-l1 0
Fe(sl)OCu (+ 1) 2.9E-09 0
'Fe(wk)OCu (+ 1) 0.000000211 11.1
CuCI3 - (-1 ) 3.53E-19 0
CuCI2AQ 9.63E-14 0
CuCI4 -2 1 (-2) l.«E-24 0
CuCI + (+ 1) 2.15E-l0 0
CuC03AQ 8.54E-08 4.5
Cu(C03)2-2 (-2) 3.89E-ll 0
CuS04AQ 4.38E-09 0
ATACJlMrTE 0.0128 .........
AZURITE 0.00426 •••••••••

I'-.W.ACHITE 0.34
.. .. .. .. .. .. •. .. ..

TENORITE 3.34 .........
CU(OH)2 0.319 .........
CUPRICFERIT 0.013 •••••••••

CU2(OH)3N03 0.00000135 .........
ANTLERITE 0.000526 ..........
CUOCUS04 2.05E-14 .........
BROCHANTITE 0.00333 " .............' •.
LANGrTE 0.000678 .........
CU3(P04)2.3W 1.89E-l1 .........
CHALCANTH rTE 8.33E-09 .........
IvELANOTHALLI l.34E-17 .11 •••.••••

CUC03 0.0000679 ..........
CU3(P04)2 1.02E-ll9 ..........
CUS04 4.42E-14 .........



Mineql output for speciation of copper without considering contribution from sediment

Location 4 (Intermediate Period), Ramna Lake

Name Cone. %TotaJ
Cu(2+) 0.000000396 7.1
Cu2(OH)2+2 (+2) 2.22E-tl9 0
Cu(OH)3 - (-1 ) 7.92E-12 0
Cu(OH)4 -2 (-2) 5.5E-17 0
CuOH + (+ 1) 8.44E-tl8 1.5
Cu(OH)2AQ 0.00000443 79.1
CuHC03 + (+ 1) 1.82E-tl8 0
CuHP04 4.09E-l1 0
Fe(st)OCu (+ 1) 4.65E-09 0
'Fe(wk)OCu (+ 1) 0.000000396 7.1
CuCI3 - (-1) 5.13E-19 0
CuCI2AQ 1.86E-13 0
CuCI4 -2 1 (-2) 3.05E-24 0
CuCI+ (+ 1) 5.08E-l0 0
CuC03AQ 0.000000245 4.4
Cu(C03)2-2 (-2) 6.87E-l1 0
CuS04AQ 1.84E-tl8 0
ATAC.AMITE 0.0345 .........
AZURITE 0.0186 .........
M6J..ACHITE 0.936 .........
TENORITE 3.28 .........
CU(OH)2 0.313 ••••••••••
CUPRICFERIT 0.0219 .........
CU2(OH)3N03 0.00000425 •••••••••
ANTLERITE 0.0216 .........
CUOCUS04 2.1E-14 ...........
BROCIilWfITE 0.408 .........
LANGITE 0.00463 .........
CU3(P04)2,3W 2.95E-ll .........
CfW.CANTHITE 4.25E-08 • • • • • • • • •
I\IELANO TfW.L1 2.28E-17 .........
CUC03 0.000195 • •• • • • • • •
CU3(P04)2 1.58E-tl9 ... . .....
CUS04 5.42E-14 .........



APPENDIX-C



MINEQL output for specialion 01 copper l~ith considering contribution Irom sediment

Location HDrv Periodl.Dhanmondi Lake

Name Conc. %Total
CU(2+~ 7.38E-08 0
Cu2(O )2+2 (+2) 7.72E-10 0
Cu(OH)3 - (-1 ) 8.89E-12 0
Cu(OH)4 -2 (-2) 1.14E-16 0
CuOH + (+1) 2.84E-08 0
Cu(OH)2AQ 0.00000271 4
CuHC03 + (+ 1) 6.32E-09 0
CuHP04 2.6E-12 0
Fe(sl)OCu (+1) 0.0000042 6.2
'Fe(IIlk)OCu (+ 1) 0_0000608 89.4
CuCI3 - (-1 ) 1.19E.17 0
CuCI2AQ 9.38E-13 0
CuCI4 .2 1 (-2) 1.84E-22 0
CuCI+ (+ 1) 6_08E-10 0
CuC03AQ 0.000000155 0
Cu(CO~)2-2 (-2) 1.53E-10 0
CuS04AQ 2.92E-09 0
ATACllMITE 0.0868 .*** •••• *

AZURITE 0_0206 •••• * ••••

MtIlACHITE 0.977 ." •• ft •.•• _

TENORITE 5.29 ••• ** ••••

CU(OH)2 0.506 .........
CUPRICFERIT 0.0221 .........
CU2(OH)3N03 0.0000108 .........
ANTLERITE 0.00118 •••• f ••••

CUOCUS04 1.82E-14 ... "' .....
BROCHlWTITE 0.0136 ..........
LANGITE 0_00193 t"ol-i."' •••

CU3(P04)2.3W 7.31E.14 .........
CHALCANTHrrE 5.69E-09 ..........
MELANOTHALLI 1.29E.16 .. .. .. .. .. .. .. .. ..
CUC03 0.000123 •. •. •. •. •. •. t •. •.

CU3(P04)2 3.92E.12 .. .. .. .. .. .. .. .. ..
CUS04 2.52E-14 .........



MINEQL oulput for speciation of copper with considering contribution from sediment

Location 1(Wet Period), Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 1.18E-09 0
Cu2(OH)2+2 (+2) 3.85E-13 0
Cu(OH)3 - (-1) 3.74E-13 0
Cu(OH)-4--2 (-2) 6.37E-13 0
CuOH + (+ 1) 6.4E-l0 0
Cu(OH)2AQ 8.43E-08 2.6
CuHC03 + (+ 1) 1.43E-l0 0
CuHP04 4.35E-13 0
Fe(st)OCu (+ 1) 0.000000605 18.3
'Fe(wk)OCu (+ 1) 0.0000026 78.9
CuCI3 - (-1 ) 1.39E-20 0
CuCf2 AQ 2.63E-15 0
CuC~ -2 1 (-2) 8.65E-26 0
CuCI+ (+ 1) 4.15E-12 0
CuC03AQ 4.83E-09 0
Cu(C03)2-2 (-2) 3.52E-12 0
CuS04AQ 4.41E-l1 0
ATAG./lMITE 0.0000255 ..........
AZURITE 0.000000623 .........
f#J.ACHITE 0.000948 ..........
TENORITE 0.165 .........
CU(OH)2 0.0157 ............
CUPRICFERIT 0.000687 .........
CU2(OH)3N03 7.65E-09 .........
ANTLERITE 1.73E-08 ...........
CUOCUS04 B.55E-18 ..........
BROCHANTITE 6.23E-09 .........
LANGITE 8.31E-l0 .........
CU3(P04)2.3W 6.34E-17 .........
CHALCANTHITE 8.6E-l1 .........
MELANOTHALLI 3.67E-19 .........
CUC03 0.00000384 .........
CU3(P04)2 3.41E-15 .........
CUS04 3.81E-16 .. .. .. .. .. .. .. .. ..



MINEQLoutput for speciation of copper with considering contribution from sediment

Name Conc. %Total

Cu(2+ ) 1.47E-09 0

Cu2(OH)2+2 (+2) 2.05E-13 0

Cu(OH)3 - (-1) 4.61E-13 0

Cu(OH)4 -2 (-2) 8.05E-IS 0

CuOH + (+1) 1.94E-l0 0

Cu(OH)2AQ 0.000000105 3.6

CuHC03 + (+1) U1E-l0 0

CuHP04 1.33E-13 0

Fe(st)OCu (+1) 0.000000461 15.9

'Fe(wk)OCu (+ 1) 0.00000233 80.2

CuCI3 - (-1) 1.11E-20 0

CuCI2 AQ 2.21E-15 0

CuCI4 -2 1 (-2) 1.14E-25 0

CuCI + (+ 1) 3.41E-12 0

CuC03AQ 5.81E-09 0

Cu(C03)2-2 (-2) 1.01E-l1 0

CuS04AQ 6.39E-l1 0

ATAC.tIMlTE 0.0000144
.........

AZURITE 0.000000264 .........
Mll.l.ACHITE 0.000548 .........
TENORlTE 0.0811 .........
CU(OH)2 0.00114 .........
CUPRICFERlT 0.000529 "' ........
CU2(OH)3N03 U8E-09 .........
AN1l.ERlTE 4.16E-08 .........
CUOCUS04 lo9E-l S •• ** •••••

BROCHANTITE 1.86E-08 .........
lANGlTE 2.31E-l0 ..........
CU3(P04)2,3W 2.24E-16 .........
CHALCANTHlTE 1.46E-l0

.........
tvt:LANOTHALLI 2.19E-19 •••••••••

CUC03 0.00000461 " ........
CU3(P04)2 1.2E-14 .........
CUS04 1.91E-16 .........



MINEQL output for speciation of copper wilh considering contribution from sediment

Location 2lDrv Perio~l, Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 2.49E-09 0
Cu2(OH)2+2 (+ 2) 1.63E-12 0
Cu(OH)3 - (-1 ) 7.89E-13 0
Cu(OH)4 -2 (-2) 1.4E-17 0
CuOH + (+ 1) 1.32E~9 0
Cu(OH)2 AQ 0.000000174 3.8
CuHC03 + (+ 1) 2.94E-l0 0
CuHP04 6.15E-13 0
Fe(st)OCu (+ 1) 0.000000656 14.3
'Fe(wk)OCu (+ 1) 0.00000376 81.6
CuCI3 - (-1 ) 2.92E-19 0
CuCI2AQ 2.56E-14 0
CuCI4 -2 1 (-2) 4.15E-24 0
CuCI + (+ 1) 1.83E-l1 0
CuC03AQ 9.97E~9 0
Cu(C03)2-2 (-2) 1.87E-ll 0
CuS04AQ 9.49E-l1 0
ATACJlMITE 0,000229
AZURITE 0.00000528
IvWACHITE 0.00394
TENORITE 0.332
CU(OH)2 0.0317
CUPRICFERIT 0.0014
CU2(OH)3N03 3.11E-08
ANTI.ERITE 0.000000159
CUOCUS04 3.59E-17
BROCHANTITE 0.000000118
LANGITE 1.57E-08
CU3(P04)2,3W 2.62E-16
CHALCANTHITE l.S6E-l0
IvELANOTHALLI 3.5E-18
CUC03 0.00000792
CU3(P04)2 1.41E-14
CUS04 7.98E-16



MINEQL output for speciation of copper INith considering contribution from sediment

Location 2(Wet Peri~Dhanmoruli Lake

Name Cone. %Total
Cu(2+ ) 9.06E-09 0
Cu2(OH)2+2 (+2) 3.47E-12 0
Cu(OH)3 - (-1 ) 1.81E-13 0
Cu(OH}4 -2 (-2) 1.24E-18 0
CuOH + (+ 1) 1.94E-09 0
Cu(OH)2 AQ 0.000000102 2.9
CuHC03 + (+ 1) 4.32E-l0 0
CuHP04 9.31E-12 0
Fe(st)OCu (+ 1) 0.000000465 13.3
'Fe(wk)OCu (+ 1) 0.00000292 83.3
CuCI3 - (-1) 1.31E-19 0
CuCI2AQ 2.34E-14 0
CuC!' -2 1 (-2) 8.94E-25 0
CuCI + (+ 1) 3.37E-11 0
CuC03AQ 5.83E-09 0
Cu(C03)2-2 (-2) 1.66E-12 0
CuS04AQ 4.08E-l0 0
ATACA'v1ITE 0.0000978 .........
AZURITE 0.00000106 .........
MOJACHITE 0.00135 ..........
TENORITE 0.194 ..........
CU(OH)2 0.0186 .........
CUPRICFERIT 0.00082 .........
CU2(OH)3N03 2.71E-03 .........
ANTLERITE 0.000000234 .........
CUOCUS04 9.04E-17 .........
BROCHANTITE 0.000000102 ..........
LANGITE 1.35E-08 .........
CU3(P04)2.3W 3.52E-14 •.•.•.•.•.•.•.•.. *

CHAlCANTHITE 7.99E-l0 .........
IvELANOTHAlLI 3.19E-18 .........
CUC03 0.00000463 .........
CU3(P04)2 1.39E-12 .........
CUS04 3.43E-15 .........



MINEQL output for speciation of copper wilh considering contribulion from sedimenl

Location 2C1ntermediale Period), O!@nmondi Lake

Name Cone. %Tolal

Cu(2+ ) 4.08E-08 1.2

Cu2(OH)2+2 (+2) 8.49E-12 0

Cu(OH}3 - (-1) 2.05E-13 0

Cu(OH)4 -2 (-2) 8.94E-19 0

CuOH + (+ 1) 5.51E-09 0

Cu(OH)2 AQ 0.000000182 5.4

CuHC03 + (+1) 1.18E-09 0

CuHP04 U6E-l0 0

Fe(sl)OCu (+ 1) 0.000000267 7.9

'Fe(wk)OCu (+ 1) 0.00000289 85

CuCI3 - (-1 ) 2.99E-19 0

CuCI2 AQ 6.06E-14 0

CuCI4 -2 1 (-2) 3.35E-24 0

CuCI + (+ 1) 9.14E-ll 0

CuC03AQ 1.01E-08 0

Cu(C03)2-2 (-2) l.l1E-12 0

CuS04AQ 2.26E-09 0

ATACJlIvlITE 0.000152
.10 .•••••••

AZURITE 0.00000112
..........

M6J.ACHfTE 0.00144
.........

TENORfTE 0.123
..........

CU(OH)2 0.0113
..........

CUPRICFERIT 0.000861 .........
CU2(OH)3N03 4.22E-08

.........
ANTLERfTE 0.00000452 .........
CUOCUS04 8.68E-17

.........
BROCHANTITE 0.00000351

..........
LANGfTE 3.16E-08

.........
CU3(P04)2,3W 1.15E-ll .........
CHAlCANTHfTE 5.3E-09

.........
MELANOTHALLJ 7.35E-18 .........
CUC03 0.000008 .........
CU3(P04)2 6.17E-l0 .........
CUS04 6.02E-15

.........



MINEQl output for speciation of copper with considering contribution from sediment

location 3(Drv Period!. Dhanmondi lake

Name Cone. %Tolal
Cu(2+ ) 4.14E-09 0
Cu2(OH)2+2 (+2) 2.97E-12 0
Cu(OH)3 - (-I) 6.57E-13 0
Cu(OH)' -2 (-2) 8.78E-18 0
CuOH + (+1) 1.79E-09 0
Cu(OH)2NJ 0.000000188 4.7
CuHC03 + (+1) 3.99E-l0 0
CuHP04 3.32E-l1 0
Fe(sl)OCu (+1) 0.000000393 9.8
'Fe(wk)OCu (+1) 0.0000034 85.1
CuCI3 - (-1) 5.41E-19 0
CuCI2AQ 4.7E-14 0
CuCI4 .2 1 (-2) 7.45E-24 0
CuCI+ (+1) 3.26E-ll 0
CuC03AQ I.Q7E-08 0
Cu(C03)2-2 (-2) 1.17E.ll 0
CuS04NJ 1.99E-l0 0
ATACAMITE 0.000352 ...........
AZURITE 0.00000678 .........
f'MI..ACHITE 0.00465 •. .. •. .. •. .. .. .. •.
TENORITE 0.364 •. •. •. •. .. .. •. .. ..
CU(OH)2 0.0348 .........
CUPRICFERIT 0.00152 .. •. .. •. •. .. •. .. ..
CU2(OH)3N03 4.76E-08 .. •. .. .. .. .. .. .. ..
ANTLERITE 0.000000387 ..........
CUOCUS04 8.42E-17 .. •. .. .. .. .. .. .. ..
BROCHANTITE 0.00000031 •. •. •. •. •. •. •. *.*

LANGITE 4.29E-08 ..........
CU3(P04)2,3W 8.23E-13 •. •. •. .. •. .. •. •. •.
CHALCANTHITE 3.89E-l0 •. .. .. •. .. •. .. .. ..
I'vELANOTHALl' 6.44E.18 •. •. .. •. •. .. .. •. •.
CUC03 0.00000854 •. •. .. •. •. .. .. .. •.
CU3(P04)2 U2E.ll •• •• •• •• •• •• 11 •• ••

CUS04 1.71E-15 .. .. •. •. .. •. •. •. ..



MINEQl output lor speciation 01 copper with considering contribulion Irom sediment

location 3(Wet Period}, Dhanmondi lake

Name Cone. %Tota!
Cu(2+ ) 2.53E-il9 0
Cu2(OH)2+2 (+2) 4.01E-13 0
Cu(OH)3 - (-1) 1.01E-13 0
Cu(OH)4 -2 (-2) 8.72E-19 0
CuOH + (+1) 6.83E-l0 0
Cu(OH)2 AQ 4.51E-08 1.7
CuHC03 + (+1) 1.52E-l0 0
CuHP04 2.25E-12 0
Fe(sl)OCu (+1) 0.000000521 20
.Fe(wk)OCu (+1) 0.00000203 78
CuCI3 - (-1) 2.91E-20 0
CuCI2AQ 5.58E-15 0
CuCI4 -2 1 (-2) 1.92E-25 0
CuCI + (+1) 8.58E-12 0
CuC03AQ 2.58E-il9 0
Cu(C03)2-2 (-2) 1.16E-12 0
CuS04AQ 1.53E-l0 0
ATACJlMITE 0.0000134 ...........
AZURITE 8.34E-il8 .........
~CHITE 0.000249 .........
TENORITE 0.0812 •••• It ••••••

CU(OH)2 0.00776 .........
CUPRICFERIT 0.000352 .... _ ....
CU2(OH)3N03 3.95E-09 ..........
ANTI.ERITE 1.73E-il8 ...........
CUOCUS04 1.31E-17 •. .. •. •. •. .. .. •. •.
BROCHANTITE 3.32E-il9 •••••••••
LANGITE 3.79E-l0 .........
CU3(P04)2.3W 9.13E-16 . .,. .......
CHALCANTHITE 3.02E-l0 ..........
I'IELANOTHALLI 7.57E-19 .........
CUC03 0.00000205 ..........
CU3(P04)2 4.9E-14 ............
CUS04 1.2E-15 .........



MINEQL output for speciation of copper with considering contribution from sediment

Location 3(1ntermediate Period>' Dh~nmondi Lake

Name Conc. %Total
Cu(2+ ) 1.28E-08 0
Cu2(OH)2+2 (+2) 1.38E.12 0
Cu(OH)3 - (-1) 1.28E-13 0
Cu(OH)4 -2 (-2) 7.01E-19 0
CuOH + (+ 1) 2.16E-09 0
Cu(OH)2 AQ 9.02E-08 3
CuHC03 + (+ 1) 4.66E-l0 0
CuHP04 3.11E-ll 0
Fe(sl)OCu (+ 1) 0.000000351 11.7
'Fe(wk)OCu (+ 1) 0.00000254 84.6
CuCI3 - (-1) 1.15E-19 0
CuCI2 AQ 2.18E-14 0
CuC~ -2 1 (-2) 1.34E-24 0
CuCI + (+ 1) 3.1E-ll 0
CuC03AQ 4.99E-09 0
Cu(C03)2-2 (-2) 8.74E-13 0
CuS04AQ 7.92E-l 0 0
ATACPMfTE 0.000033 .........
AZURITE 0.000000146 .........
MAJ..ACHfTE 0.00037 .........
TENORITE 0.0639 .........
CU(OH)2 0.0061 .........
CUPRICFERfT 0.000436 .........
CU2(OH)3N03 8.63E-09 .........
ANTLERfTE 0.000000386 ••••• t •••

CUOCUS04 1.66E-17 .........
BROCI-W-lTITE 0.000000148 ••• t •.••••

LANGfTE 1.5E-09 .........
CU3(P04)2.3W 3.46E-13 .. .. .. .. .. .. .. .. ..
CKALCANTHfTE 1.84E-09 .........
M:LANOTKALLI 2.66E-18 ..........
CUC03 0.00000396 .........
CU3(P04)2 1.86E-l1 •• •• •• •• •• •• •• t ••

CUS04 2.22E-15 .........



MINEQL output for speciation of copper with considering contribution from sediment

Location HDIY Period), Dhamn-9ndi Lak~

Name Cone, %Total
Cu(2+ ) 2,72E-09 0
Cu2(OH)2+2 (+2) 1.21E-12 0
Cu(OH)3 - (-1 ) 02E-13 0
Cu(OH}( -2 (-2) 6,16E-18 0
CuOH + (+ 1) 1.14E-09 0
Cu(OH)2AQ 0.000000119 3.3
CuHC03 + (+ 1) 2.54E-10 0
CuHP04 8,89E-13 0
Fe(st)OCu (+ 1) 0.000000556 15.5
-Fe(wk)OCu (+ 1) 0.00000291 80.9
CuCI3 - (-1) 2.52E-19 0
CuCI2AQ 2.37E-14 0
CuCI4 -2 1 (-2) 3.36E-U 0
CuCI + (+1) 1.84E-11 0
CuC03AQ 6.84E-09 0
Cu(C03)2-2 (-2) 3.21E-12 0
CuS04AQ 1.82E-10 0
ATACAMITE 0,000124 .........
AZURITE 0.00000168 ............
MAlACHITE 0.00184 .........
TENORITE 0,226 t ••••••••

CU(OH)2 0,0216 ..........
CUPRICFERIT 0.000957 •. •. .. .. •. .. .. .. ..
CU2(OH)3N03 1,83E-08 ..........
ANTLERITE 0.000000143 •••••••••
CUOCUS04 4,62E.17 ..........
BROCHANTITE 0.000000073 .........
LANGITE 9.48E-09 .. .. .. .. .. .. .. .. ..
CU3(P04)2,3W 3.76E-16 .........
CHALCANTHITE 3,56E-10 .. .. .. .. .. .. .. .. ..
M:LANOTHAlLI 3.UE-18 •. •. •. .. .. •. •. •. •.
CUC03 0,00000543 .. .. .. •. •. •. .. .. ..
CU3(P04)2 2.02E-14 ...........
CUS04 1.51E.15 .. •. .. .. •. .. .. •. •.



MINEQLoutpul lor speciation 01 copper with considering contribulion Irom sediment

Location 4(Wet Period) . .Ql1illtm_oJ]J!L~

Name Conc. %Total
Cu(2t) 2.94E-09 0
Cu2(OH)2+2 (+2) 3.15E-13 0
Cu(OH)3 - (-1) 5.88E-14 0
Cu(OH)4 -2 (-2) 4.03E-19 0
CuOH + (+1) 6.27E-l0 0
Cu(OH)2 AQ 3.29E-03 1.1
CuHC03 + (t 1) 1.39E-l0 0
CuHP04 1.92E-12 0
Fe(st)OCu (t 1) 0.000000672 23.2
.Fe(~)OCu (+1) 0.00000219 75.5
CuCI3 - (-1) 2.42E-20 0
CuCI2AQ 5.13E-15 0
CuCIoI-2 1 (-2) 1.52E-25 0
CuCI+ (+1) 3.72E-12 0
CuC03AQ 1.88E-09 0
Cu(C03)2-2 (-2) 5.4E-13 0
CuS04AQ 1.7E-l0 0
ATAG./lM1TE 0.00000753 .........
AZURITE 0.000000029 .........
IIW..ACHITE 0.000123 .........
TENORITE 0.0554 ...........
CU(OH)2 0.00529 ..........
CUPRICFERIT 0.000248 .........
CU2(OH)3N03 2.44E-09 .........
ANTLERITE 1.02E-08 .........
CUOCUS04 9.14E-18 .........
BROCHANTITE 1.44E-09 " •. .. •. .. •. •. " ..
lANGITE 1.38E-l0 .... " .....
CU3(P04)2.3W .4.83E-16 •••••••••
CKOJ..CANTHITE 3.39E-l0 .........
MElANOTKOJ..L1 6.9E-19 •••••••••
CUC03 0.00000149 .........
CU3(P04)2 2.59E-14 .........
CUS04 1.24E-15 ..........



MINEQL output for speciation of copper l'Vith considering contribution from sediment

Location 4(1ntermediate Period!. DhaILmondi La~

Name Cone. %Total
Cu(2+ ) 2.71E-ll 0
Cu2(OH)2+2 (+2) 4.43E-15 0
Cu(OH)3 - (-1 ) 4.31E-12 0
Cu(OH)4 -2 (-2) 5.78E-16 0
CuOH + (+ 1) 1.17E-10 0
Cu(OH)2 AQ 0.000000123 5.1
CuHC03 + (+ 1) 2.53E-11 0
CuHP04 3.42E-13 0
Fe(sl)OCu (+ 1) 0.000000394 16.4
'Fe(l'IIk)OCu (+ 1) 0.00000188 78.1
CuCI3 - (-1 ) 3.53E-22 0
CuCI2 AQ 6.06E-17 0
CuCI4 -2 1 (-2) 4.25E-27 0
CuCI+ (+ 1) 7.72E-14 0
CuC03AQ 6.81E-09 0
Cu(C03)2-2 (-2) 7.25E-l0 0
CuS04AQ 1.84E-12 0
ATAG.AMITE 0.00000298 .........
AZURITE 0.000000425 .........
tvWACHITE 0.000753 .........
TENORITE 0.095 .........
CU(OH)2 0.00907 ..........
CUPR ICFER IT 0.000621 ....... t.
CU2(OH)3N03 7.13E-10 ..........
ANTLERITE 1.65E-09 tt •• ttt ••

CUOCUS04 6.44E-20 .. .. .. .. .. .. .. ..
BROCHANTITE 8.64E-10 •. •. •. •. •. •. •. •. t

LANGITE l.lE-11 .........
CU3(P04)2,3W 5.7E-17 .........
CHALCANTHITE 4.22E-12 .........
NELANOTHALLI 7.46E-2l ••••• t •••

CUC03 0.00000541 .........
CU3(P04)2 3.06E-15 "lot.t ••••

CUS04 5.7E-18 ••• tttt ••



MINEQL oulpul for speciation or copper with consideering contribulion rrom sedimenl

Location 5lDry Peeriod)' Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 2.22E-09 0
CU2(OH)2+2 (+2) 1.99E-12 0
Cu(OH)3 - (-1 ) 1.22E-12 0
Cu(OH)4 -2 (-2) 2.59E-17 0
CuOH + (+ 1) 1.42E-09 0
Cu(OH)2 AQ 0.000000225 5.8
CuHC03 + (+ 1) 3.17E-l0 0
CuHP04 5.28E-13 0
Fe(sl)OCu (+ 1) 0.000000505 13
'Fe(wk)OCu (+ 1) 0.00000315 80.8
CuCI3 - (-1 ) 1.5E-19 0
CuCI2AQ 1.6E-14 0
CuCI4 -2 1 (-2) 1.7E-24 0
CuCI+ (+ 1) 1.38E-ll 0
CuC03AQ 1.29E-08 0
Cu(C03)2-2 (-2) 3.47E-l1 0
CuS04AQ 1.3E-l0 0
ATAeJlMlTE 0.000278 ..........
AZURITE 0.0000124 .........
MAJACHITE 0.00694 .........
TENORITE 0.451 .........
CU(OH)2 0.0431 .........
CUPRICFERIT 0.00186 .........
CU2(OH)3N03 4.59E-08 .........
ANTLERITE 0.000000363 •. •. •. •. .. •. .. •. ..
CUOCUS04 7.1E-17 .........
BROCfWITlTE 0.000000348 .........
LANGITE 5.26E-08 .........
CU3(P04)2.3W 2.5E-16 ..........
CHALCANTHITE 2.52E-l0 •. .. " .. .. .. .. .. ..
IvELANOTHALLI 2.19E-18 •. •. .. .. .. •. •. •. ..
CUC03 0.0000103 .........
CU3(P04)2 1.34E-14 ...........
CUS04 1.15E-15 .........



MINEQL output for speciationn of copper with considering contribution from sediment

Location 5(Wel Period), Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 3.t4E-l0 0
Cu2(OH)2+2 (+2) 6.24E-14 0
Cu(OH)3 - (-1) 3.96E-13 0
Cu(OH)4 -2 (-2) 1.1E-11 0
CuOH + (+ 1) 2.66E-l0 0
Cu(OH)2 AQ 5.55E-08 1.7
CuHC03 + (+ t) 5.9tE-l1 0
CuHP04 4.19E-14 0
Fe(sl)OCu (+ 1) 0.000000564 11.6
'Fe(lNk)OCu (+ 1) 0.00000258 80.5
CuCI3 - (-1) 2.82E.2l 0
CuC/2AQ 5.83E-16 0
CuCI4 -2 1 (-2) 1.73E-26 0
CuCI+ (+ 1) 9.76E-13 0
CuC03AQ 3.17E-09 0
Cu(C03)2-2 (-2) 1.47E-ll 0
CuS04AQ 1.51E-ll 0
ATACAMITE 0.00000599 .........
AZURITE 0.000000159 .........
t>AAl.ACHITE 0.000383 ..... "' ...
TENORITE 0.102 .........
CU(OH)2 0.0097 .........
CUPRICFER/T 0.000437 .........
CU2(OH)3N03 1.91E-09 .........
ANTLERITE 2.57E-09 .........
CUOCUS04 1.65E-18 ...........
BROCHANTITE 6.09E-l0 .........
LANGITE 7.25E-l1 .........
CU3(P04)2,3W 3.89E-19 .........
CHALCANTHITE 2.97E-ll ..........
MELANOTHALLI 7.93E-20 .........
CUC03 0.00000252 .........
CU3(P04)2 2.09E-17 ..........
CUS04 1.21E-16 .........



MINEQL output for speciation of copper with considering contribution from sediment

Name Conc. %Total
Cu(2+) 2.22E-l0 0
Cu2(OH)2+2 (+2) 1.65E-14 0
Cu(OH)3 - (-1) 5.58E-13 0
Cu(OH)4 -2 (-2) 1.95E-17 0
CuOH + (+ 1) 2.36E-l0 0
Cu(OH)2 AQ 6.21E-03 3.1
CuHC03 + (+ 1) 5.08E-ll 0
CuHP04 4.16E-14 0
Fe(st)OCu (+ 1) 0.000000313 15.6
'Fe(wl<)OCu (+ 1) 0.00000162 81.1
CuCI3 - (-1 ) 1.97E-21 0
CuCI2AQ 3.74E-16 0
CuCI4 -2 1 (-2) 2.31E-26 0
CuCI + (+ 1) 5.32E-13 0
CuC03AQ 3.43E-09 0
Cu(C03)2-2 (-2) 2.43E-ll 0
CuS04AQ 1.15E-ll 0
ATAC,llMITE 0.00000246 .........
A2URITE 4.75E-08 .........
tvWACHITE 0.000175 .........
TENORITE 0.044 .........
CU(OH)2 0.0042 .........
CUPRICFERIT 0.0003 .........
CU2(OH)3N03 6.44E-l0 .........
ANTLERITE 2.65E-09 ..........
CUOCUS04 1.66E-19 .........
BROCHANTITE 7E-l0 .........
LANGITE 7.08E-12 ..........
CU3(P04)2,3W 4.28E-19 .........
CHALCANTHITE 2.67E.ll .........
tvELAN 0 THALLI 4.55E-20 .........
CUC03 0.00000273 .........
CU3(P04)2 2.3E-17 .........
CUS04 3.21E-17 .........



MINEQL outpul ror specialion or copper with considering contribulion rrom sediment

Location 6(OlY.fidQdl. Ohanmondi~

Name Cone. %Total
Cu(2+ ) 2.72E~9 0
Cu2(OH)2+2 (+2) 1.97E-12 0
Cu(OH)3 - (-1) 8.62E-13 0
CU(OH)4 -2 (-2) 1.55E-17 0
CuOH + (+ 1) 1.44E~9 0
Cu(OH)2AQ 0.000000189 5.3
CuHC03 + (+ 1) 3 .2E-l 0 0
CUHP04 6.16E-13 0
Fe(sl)OCu (+ 1) 0.000000489 13.6
'Fe(wk)OCu (+ 1) 0.00000291 80.7
CuCI3 - (-1) 4.28E-19 0
CuCI2AQ 3.39E-14 0
CuCI4 -2 1 (-2) 6.7E-24 0
CuCI + (+ 1) 2.21E-11 0
CuC03AQ l.08E-08 0
Cu(C03)2-2 (-2) 2.07E-11 0
CuS04AQ l.25E-l0 0
ATACt>MITE 0.000302 ..........
AZURITE 0.00000694 .........
MAlACH rrE 0.00473 ..........
TENORITE 0.367 .........
CU(OH)2 0.035 .........
CUPRICFERIT 0.00153 .........
CU2(OH)3N03 3.71E~8 .........
ANTLERITE 0.000000246 fl' •• " ••••

CUOCUS04 5.32E-17 .........
BROCHANTITE 0.000000199 .........
LANGITE 2.75E-08 ..........
CU3(P04)2,3W 2.86E-16 .........
CHALCANTHrrE 2.43E-10 .........
MELANOTHALU 4.63E-18 .........
CUC03 0.00000861 .• .• .• .• .• .. .• .• .•
CU3(P04)2 1.53E-14 ..........
CUS04 1.07E-15 .........



MINEQl output for speciation of copper with considering contribution from sediment

location 6lWet Peri~Dhanmondi lake

Name Conc. %Total
Cu(2+ ) 2.16E-09 0
CU2(OH)2+2 (+2) 4.7E-13 0
Cu(OH)3 - (-1 ) 1.72E-13 0
Cu(OH)4 -2 (-2) 1.37E-13 0
CuOH + (+ 1) 7.32E-l0 0
Cu(OH)2 AQ 6.09E-03 1.9
CuHC03 + (+ 1) 1.63E-l0 0
CuHP04 1.71 E-12 0
Fe(sl)OCu (+ 1) 0.000000599 18.7
•Fe(v;k)O Cu (+ 1) 0.00000253 79.2
CuCI3 - (-1 ) 2.86E-20 0
CuCI2AQ 5.23E-15 0
CuCI4 -2 1 (-2) 1.96E-25 0
CuCI + (+ 1) 7.7E-12 0
CuC03AQ 3.48E-09 0
Cu(C03)2-2 (-2) 2.49E-12 0
CuS04AQ 1.52E-IO 0
ATACPlvIrTE 0.0000206 ..........
AZURITE 0.00000021 .........
MtIlACHITE 0.00046 .........
TENORITE 0.111 .........
CU(OH)2 0.0106 .........
CUPRICFERIT 0.000479 .........
CU2(OH)3N03 5.32E-09 ..........
ANTlERrTE 3.12E-08 •••• t ••••

CUOCUS04 1.83E-17 .........
BROCHANTITE 8.09E-09 .........
lANGITE 9.64E-l0 ...........
CU3(P04)2.3W 7.09E-16 ...........
CHALCANTHITE 2.99E-l0 ..........
IvElANOTHALlI 7.11E-19 . ..........
CUC03 0.00000276 . .........
CU3(P04)2 3.81E-14 •• t ••••••

CUS04 1.22E-15 ..........



MINEQL output for speciation of copper I~th considering contribution from sediment

Location-M!ntermediate Period}, Dhanmondi Lake

Name Cone. %Total
Cu(2+ ) 1.11E-oS 0
Cu2(OH)2+2 (+2) 1.11E-12 0
Cu(OH)3 - (-1) 1.12E-13 0
Cu(OH)4 -2 (-2) 6.15E-19 0
CuOH + (+ 1) 1.89E-09 0
Cu(OH)2 AQ 7.8SE-OS 3.4
CuHC03 + (+ 1) 4.07E-10 0
CuHP04 2.63E-11 0
Fe(sl)OCu (+ 1) 0.000000285 12.4
-Fe(wk)OCu (+ 1) 0.00000192 83.4
CuCI3 - (-1) 1.14E-19 0
CuCI2AQ 2.03E-14 0
CuCI4 -2 1 (-2) 1.35E-U 0
CuCI + (+ 1) 2.S5E-11 0
CuC03AQ 4.36E-09 0
Cu(C03)2-2 (-2) 7.63E-13 0
CuS04AQ 6.91E-l0 0
ATACA'vlITE 0.0000273 .........
AZURITE 0.000000104 .........
Mll.l..ACHITE 0.000296 .........
TENORITE 0.05S3 ..........
CU(OH)2 0.00557 .........
CUPRICFERIT 0.000389 .........
CU2(OH)3N03 6.91E-09 .........
ANTLERITE 0.000000255 .........
CUOCUS04 1.4E-17 ..........
BROCHANTITE S.5SE-OS .........
LANGITE 9.74E-10 .........
CU3(P04)2,3W 2.17E-13 .........
CHALCANTHITE 1.59E-09 .........
tv'ELANOTHALLI 2.55E-1S .........
CUC03 0.00000347 ..........
CU3(P04)2 1.17E-l1 ..........
CUS04 2.03E-15 .........



MINEQL output for specialion of copper with considering contribution from sediment

Name Conc. %TotalCu(2+ ) 1.75E-09 0Cu2(OH)2+2 (+2) 1.56E-12 0Cu(OH)3 - (-1 ) 1.46E-12 0Cu(OH)-4 -2 (-2) 3.62E-17 0CuOH + (+ 1) 1.27E-09 0Cu(OH)2 AQ 0.000000231 UCuHC03 + (+ 1) 2.83E-10 0CuHP04 3.09E-13 0Fe(st)OCu (+ 1) 0.000000645 13.2'Fe(wk)OCu (+ 1) 0.00000401 81.8CuCI3 - (-1 ) 4.81 E-19 0CuCI2AQ 3.16E-14 0CuCI4 -2 1 (-2) 9.03E-24 0CuCI+ (+ 1) 1.71E-l1 0CuC03AQ 1.32E-08 0Cu(C03)2-2 (-2) 4.83E-11 0CuS04AQ 8.8E-l1 0ATACJlMfTE 0.000397 .........
AZURITE 0.0000128 .........
rvv.LACHITE 0.00713 .........
TENORITE 0.452 .........
CU(OH)2 0.0432 .........
CUPRICFERIT 0.00188 .........
CU2(OH)3N03 4.05E-08 .........
ANTLERITE 0.00000026 •••••• t ••

CUOCUS04 4.67E-17 .........
BROCHANTITE 0.000000256 .........
LANGfTE 3.62E-08 .........
CU3(P04)2,3W 8.79E-17 •••• t ••••

CHAlCANTHITE 1.71E-l0 .........
MELAN0 THALLI 4.32E-18 .........
CUC03 0.0000105 <\' ••••••••

CU3(P04)2 4.72E-I5 .........
CUS04 7.61E-16 .........



MINEQl output for speciation of copper with considering contribution from sediment

location 7(Wet Period), Dhanmondi lake

Name Conc. %TotalCu(2+ ) 6.23E-l0 0Cu2(OH)2+2 (+2) 1.57E-13 0Cu(OH)3 - (-1) 3.94E-13 0Cu(OH)( -2 (-2) BA7E-18 0CuOH + (+1) (.UE-l0 0
Cu(OH)2 AQ 7.O(E-D8 2.1
CuHC03 + (+1) 9.44E-ll 0CuHPO( 2.28E-13 0Fe(st)OCu (+1) 0.000000666 19.6.Fe(l\Ik)OCu (+ 1) 0.00000266 78.2CuCI3 - (-1) 9.3E-20 0CuCI2AQ 7.63E-15 0CuCI4 -2 1 (-2) 1.42E-U 0CuCI + (+ 1) 5.01E-12 0CuC03AQ U3E-09 0Cu(C03)2-2 (-2) l.13E-ll 0CuS04AQ 7.53E-12 0
ATACAMITE 0.000031 .........
AZURITE 0.000000326 .........
IvWACHITE 0.000616 .........
TENORITE 0.129 ..........
CU(OH)2 0.0123 .........
CUPRICFERIT 0.000555 •••• t ••••

CU2(OH)3N03 3.92E-09 .........
ANTlERITE 2.07E-D9 ...........
CUOCUSO( 1.05E-18 .........
BROCHANTITE 6.22E-l0 ..........
lANGITE HIE-II .........
CU3(P04)2,3W 1.46E-17 ..........
CHALCANTHITE H8E-l1 .........
MElANOTHALlI 1.o(E-18 •••••••••
CUC03 0.0000032 .. .. .. .. .. •. .. .. ..
CU3(PO()2 7.83E-16 ...... " ..
CUSO( 6.05E-17 .........



MINEQl output for speeciation of copper with considering cotribulion from sediment

location Wnlermidiate Period), Dhanmond; lake

Name Cone. %TotalCu(2+ ) 2.78E-10 0Cu2(OH)2+2 (+2) 7.12E-14 0Cu(OH)3 - (-1 ) 2.79E-12 0Cu(OH)4 -2 (-2) 1.44E-16 0CuOH + (+ 1) 4.86E-10 0Cu(OH)2 AQ 0.000000203 5.8
CuHC03 + (+ 1) 1.05E-l0 .0
CuHP04 8.32E-14 0Fe(st)OCu (+ 1) 0.000000457 13.1'Fe(wk)OCu (+ 1) 0.00000283 80.8CuCI3 - (-1) 4.33E-29 0CuC/2AQ 3.29E-21 0CuCI4 -2 1 (-2) 1.19E-36 0CuC/+ (+ 1) f.82E-15 0CuC03AQ f.12E-08 0Cu(C03)2-2 (-2) f.8E-10 0CuS04AQ f.17E-l1 0ATACM1ITE 4.48E-Q8 .........
AZURITE 0.00000178 .........
t-Ml.ACH ITE 0.00196 .........
TENORlTE 0.15 .........
CU(OH)2 0.0143 . .........
CUPRICFERIT 0.001 .........
CU2(OH)3N03 4.72E-Q9 .........
ANTlERlTE 2.86E-08 .........
CUOCUS04 6.09E-19 .........
BROCHANTITE 2.47E-08 •••••••••
lANGlTE 2.8E-10 .........
CU3(P04)2,3W 5.58E-18 •••• t ••.••

CHALCANTHlTE 2.7E-11 .........
MElANOTHALLI 4.03E-25 .........
CUC03 0.00000892 ..........
CU3(P04)2 3E-16 tt •••••••

CUS04 3.44E-17 ..........



MINEQL output for speciation of copper wilh considering contribuliion from sediment

Name Cone. %TotalCu(2+ ) 3.26E-l1 0Cu2(OH)2+2 (+2) 2.69E-1~ 0Cu(OH)3 - (-I) 5.18E-12 0Cu(OH)4 -2 (-2) 6.ME-16 0CuOH + (+ I) 1.~4E-l0 0Cu(OH)2 AQ 0.000000151 0CuHC03 + (+ 1) 3.25E-11 0CuHP04 ~.69E-14 0Fe(st)OCu (+ I ) 0.00000053 15.1'Fe(wk)OCu (+ 1) 0.00000281 80.3CuCI3 - (-I) 6.67E-22 0CuCI2AQ 1.13E-16 0CuC" -2 I (-2) 3.84E-27 0CuCI + (+ I) 1.5~E-13 0CuC03AQ 8.74E-09 0Cu(C03)2-2 (-2) 9.06E-10 0CuS04AQ 1.02E-12 0ATACAMITE 0.000016~ ~..........
AZURITE 0.00000585 .........
Ml\I..ACH ITE 0.00418 ..........
TENORITE 0.399 .........
CU(OH)2 0.0382 .........
CUPRICFERIT 0.00144 .........
CU2(OH)3N03 1.09E-09 .........
ANTLERfTE 1.25E-09 •••••••••
CUOCUS04 6.97E-19 .........
BROCHANTfTE 8.02E-IO .........
LANGfTE 2A9E-IO ...........
CU3(P04)2.3W 1.32E-18 ..........
CHALCANTHITE 1.88E-12 ..........
MELANOTHALU 1.6E-20 .........
CUC03 0.0000069~ ..........
CU3(P04)2 7.1E-17 .........
CUS04 1.23E-17 .........



MINEQL output for speciation of copper with considering contribution from sediment

Location HWel Period}, Ramna Lake

Name Conc. %Total
Cu(2+ ) 1.75E-09 0
Cu2(OH)2+2 (+2) 9.85E-14 0
Cu(OH)3 - (-1) 1.75E-14 0
Cu(OH)4 -2 (-2) 9.43E-20 0
CuOH + (+ 1) 2.98E-l0 0
Cu(OH)2 AQ 1.24E-08 1
CuHC03 + (+ 1) 6.68E-l1 0
CuHP04 2.16E-12 0
Fe(sl)OCu (+ 1) 0.000000344 28.6
'Fe(wk)OCu (+ 1) 0.000000841 70.1
CuCI3 - (-1 ) 2.82E-21 0
CuCI2AQ 1.07E-15 0
CuCI4 -2 1 (-2) 3.28E-27 0
CuCI + (+1) 3.28E-12 0
CuC03AO 7.16E-l0 0
Cu(C03)2-2 (-2) 1.23E-13 0
CuS04AQ 8.86E-l1 0
ATACJlMITE 0.00000103 ..........
AZURITE 2.51E-09 .........
I'-MI..ACHITE 0.0000239 .........
TENORITE 0.Q28 .........
CU(OH)2 0.00267 .........
CUPRICFERIT 0.000109 .........
CU2(OH)3N03 1.5E-l0 .........
ANTLERITE 7.47E-l0 ..........
CUOCUS04 3.47E-18 .........
BROCHANTITE 3.96E-ll •••••••••
LANGITE 3.06E-12 ..........
CU3(P04)2,3W 2.32E-16 .........
CHALCANTHITE 1.68E-l0 ..........
tvELANO THALLI 1.48E-19 ...........
CUC03 0.000000563 .........
CU3(P04)2 1.25E-14 fit •••••••

CUS04 3.94E-16 ...........



MINEQL output for speciation of copper with considering contribulion from sediment

Location 1(Intermediate Period), Ramna Lake

Name Cone. %Tolal
Cu(2+ ) !.07E-08 0
Cu2(OH)2+2 (+2) 4.52E-13 0
Cu(OH)3 - (-1 ) 2.68E-14 0
Cu(OH)4 -2 (-2) 9.14E-20 0
CuOH + (+ 1) 1.15E-09 0
Cu(OH)2 AO 3.03E-08 0
CuHC03 + (+ 1) 2.49E-l0 0
CuHP04 1.78E-11 0
Fe(st)OCu (+ 1) 0.000000645 20.2
'Fe(wk)OCu (+ 1) 0.00000251 78.5
CuCI3 - (-1) 4.36E-20 0
CuCI2AO 1.1E-14 0
CuCI4 -2 1 (-2) 3.5E-25 0
CuCI + (+ 1) 2.08E-11 0
CuC03AO 1.68E-09 0
Cu(C03)2-2 (-2) 1.15E-13 0
CuS04AO 3.71E-10 0
ATACJlMITE 0.00000512 .........
AZURITE 6.87E-09 .........
r.w.ACHITE 0.0000481 .ttt •••.••

TENORITE 0.0245 ...... " ..
CU(OH)2 0.00234 .t* ••••••

CUPRICFERIT 0.000157 ...........
CU2(OH)3N03 4A3E-10 .........
ANTLERITE 2.02E-08 t.t ••••••

CUOCUS04 3.54E-18 .........
BROCHANTITE 2.61E-09 .........
lANGITE 3.73E-l1 ..........
CU3(P04)2,3W 3.82E-14 .t •••.•••
CHALCANTHITE 8.44E-10 .........
IvElANOTHALLI 1.36E-18 .........
CUC03 0.00000134 ...........
CU3(P04)2 2.05E-12 .t •••••••
CUS04 1.21E-15 .........



MINEQL output for speciation of copper with considering contribution from sediment

Lo~ation 2IDrv PeriodlLRamna Lake

Name Cone. %Total
Cu(2+ ) 1.44E-ll 0
Cu2(OH)2+2 (+2) 1.23E-14 0
Cu(OH)3 - (-1) 9.09E-12 0
Cu(OH)4 -2 (-2) 1.92E-15 0
CuOH + (+ 1) 9.89E-11 0
Cu(OH)2AQ 0.000000164 5
CuHC03 + (+ 1) 2.22E-l1 0
CuHP04 5.15E-14 0
Fe(st)OCu (t 1) 0.000000497 15.1
.Fe(wk)OCu (+ 1) 0.00000263 79.6
CuCI3 - (-1 ) 9.78E-23 0
CuC/2AQ 2.34E-17 0
CuCI4 -2 1 (-2) 4.16E-28 0
CuCI+ (+ 1) 4.56E-14 0
CuC03AQ 9.49E-09 0
Cu(C03)2-2 (-2) 2.61E..Q9 0
CuS04AQ 8.01E-13 0
ATACPMITE 0.00000815 ............
AZURITE 0.00000704 ..........
MAlACHITE 0.00474 .........
TENORITE 0.417 .........
CU(OH)2 0.0399 .........
CUPRICFERIT 0.00153 •••••••••
CU2(OH)3N03 7.65E-l0 .........
ANTLERITE 1.17E..Q9 .. .. . .• •. .. .• .. ..
CUOCUS04 5.45E-19 ..........
BROCHANTITE 8.17E-10 •••••••••
LANGITE 2.28E-10 ..........
CU3(P04)2.3W 1.73E-18 •••••••••
CHALCANTHITE 1.49E-12 .........
tvELANOTHALU 3.3E-21 .........
CUC03 0.00000754 .........
CU3(P04)2 9.3E-17 " ........
CUS04 9.27E-18 .........



MINEQL output for speciation of copper with considering contribution from sediment

\..Qcalion 2(Wet Period), Ramna Llli

Name Conc. %TotalCu(2+ ) 8.23E-09 0Cu2(OH)2+2 (+2) 3.64E-12 0Cu(OH)3 - (-1 ) 1.65E-13 0Cu(OH)4 -2 (-2) 1.12E-13 0CuOH + (+ 1) 1.77E-09 0Cu(OH)2 AQ 0.000000093 3.3CuHC03 + (+ 1) 3.97E-10 0CuHP04 7.24E-12 0Fe(sl)OCu (+ 1) 0.000000396 14.1-Fe(wk)OCu (+ 1) 0.00000229 32CuCI3 - (-1 ) 1.8E-20 0CuCI2AQ 6.19E-15 0CuCI4 -2 1 (-2) 5.68E-26 0CuCI + (+ 1) 1.73E-ll 0CuC03AQ 5.36E-09 0Cu(C03)2-2 (-2) 1.52E-12 0CuS04AQ 3.55E-l0 0ATACJlMrTE 0.0000525 ..........
AZURITE 0.00000112 .........
Ml\I..ACHITE 0.00139 .........
TENORITE 0.218 .........
CU(OH)2 0.0208 .........
CUPRICFERIT 0.000831 .........
CU2(OH)3N03 0.000000007 ...........
ANTLERITE 0.000000167 ..........
CUOCUS04 1.14E-16 .........
BROCHANTITE 6.61E-08 ..........
LANGrTE 0.000000015 .........
CU3(P04)2.3W 1.94E-14 ... ,. .....
CfWCANTHrTE 6.7E-l0 ...........
MELANOTfWLI 8.65E-19 .........
CUC03 0.00000426 ..........
CU3(P04)2 1.04E-12 .........
CUS04 3.75E-15 ..........



MINQl oulput lor speciation 01 copper INithconsidering conlribution Irom sedimenl

localion 2(1nlermediale Period!. Ramn~!lil.

Name Cone. %TotalCu(2+) 5.79E-09 0Cu2(OH)2+2 (+2) 7.58E-13 0Cu(OH)3 - (-1) 2.31E-13 0Cu(OH)4 -2 (-2) 1.98E-18 0CuOH + (+1) 1.57E..Q9 0Cu(OH)2AQ 0.000000104 3.8CuHC03 + (+1) 3.38E-l0 0CuHP04 7.12E-12 0Fe(st)OCu (+1) 0.00000036 13.1'Fe(wk)OCu (+ 1) 0.00000226 82.6CuCI3 - (-1) 1.12E-20 0CuCI2AQ 3.59E-15 0CuCI4 -2 1 (-2) 7.43E-26 0CuCI + (+1) 8.57E-12 0CuC03AQ 5.74E..Q9 0Cu(C03)2-2 (-2) 2.47E-12 0CuS04AQ 2.48E-l0 0ATACAMITE 0.0000171 .........
AZURITE 0000000238 ................
Ml\LACHITE 0.000512 . . .. .. .. .. .. .. ..
TENORITE 0.0768 .........
CU(OH)2 0.00733 .........
CUPRICFERIT 0.000512 t ••••••••

CU2(OH)3N03 1.87E..Q9 .........
ANTlERITE 0.000000159 ..........
CUOCUS04 6.61E-18 .........
BROCHANTITE 7.02E..Q8 .........
lANGITE 7.96E-l0 .........
CU3(P04)2,3W 2.09E-14 .........
CHAI..CANTHITE 5.72E-l0 .........
IvElAN 0 THALLI 4.39E-19 .........
CUC03 0.00000456 .........
CU3(P04)2 1.12E-12 ..........
CUS04 7.29E-16 .........



1vI1NEQLoutput for speciation of copper with considering contribution from sediment

Name Cone. %Total
Cu(2+) 0.000000013 0
Cu2(OH)2+2 (+ 2) 1.65E-12 0
Cu(OH)3 - (-1) 1.64E-14 0
CU(OH)4 -2 (-2) 4.52E-20 0
CuOH + (+ 1) 1.11E-09 0
Cu(OH)2 AQ 2.32E-08 0
CuHC03 + (+ 1) 2.5E-10 0
CuHP04 .2.2E-11 0
Fe(sl)OCu (+ 1) 0.000000587 22.6
'F e(wk)O Cu (+ 1) 0.00000197 75.9
CuCJ3 - (-1 ) 1.07E-19 0
CuCI2AQ 2.37E-14 0
CuCI4 -2 1 (-2) 4.88E-25 0
CuCI + (+ 1) 4.37E-11 0
CuC03AQ 1.34E-09 0
Cu(C03)2-2 (-2) 6.17E-14 0
CuS04AQ 7.95E-l0 0
ATACAMITE 0.0000143 .........
AZURITE 2.12E-08 .........
I'#\J..ACHITE 0.0000987 ..........
TENORrrE 0.0613 .........
CU(OH)2 0.00586 .........
CUPRICFERIT 0.000221 .........
CU2(OH)3N03 1.25E-09 .........
ANTLERITE 0.000000023 , ........
CUOCUS04 8.38E-17 .........
BROCHANTITE 2.28E-09 ." .......
lANGITE 7.07E-10 ..........
CU3(P04)2,3W 4.48E-14 ..........
CHALCANTHITE 1.47E-09 ..........
tvElANOTHALLI 3.37E-18 .........
CUC03 0.00000107 .........
CU3(P04)2 2.41E-12 .........
CUS04 9.62E-15 .........

l



IvllNEQL oulpul ror specialion or copper with considering contribulion rrom sedimenl

Name Cone. %Total
Cu(2+ ) 4.42E-l0 0
Cu2(OH)2+2 (+2) 1.65E-13 0
Cu(OH)3 - (-') . 5.57E-13 0
Cu(OH)4 -2 (-2) 1.54E-17 0
CuOH + (+ 1) 3.75E-l0 0
Cu(OH)2 AQ 7.33E..Q8 3.3
CuHC03 + (+ 1) 8.41E-l1 0
CuHP04 6.63E-14 0
Fe(sl)OCu (+ 1) 0.000000406 16.9
'Fe(w!()OCu (+ 1) 0.00000191 79.6
CuCI3 - (-1) 7.91E-22 0
CuCI2AQ 2.87E-16 0
CuCI4 -2 1 (-2) 2.37E-27 0
CuCI+ (+ 1) 8.6E-13 0
CuC03AQ 4.52E-09 0
Cu(C03)2-2 (-2) 2.08E-l1 0
CuS04AQ 3.46E-ll 0
ATACAMITE 0.00000876 ..........
AZURITE 0.00000067 .........
MoXACH ITE 0.00099 .........
TENORITE 0.183 ..........
CU(OH)2 0.0175 .........
CUPRICFERIT 0.0007 .........
CU2(OH)3N03 1.24E-09 .........
ANTLERITE U5E-08 •••••••••
CUOCUS04 9.35E-18 .........
BROCHl\NTITE 3.85E-09 .........
LANGITE 8.72E-l0 .........
CU3(P04)2,3W U9E-18 ....... ".
CHALCANTH ITE 6.53E-ll .........
MElANOTHALLI 4.02E-20 ••••••••• 1

CUC03 0.00000359 .........
CU3(P04)2 7.48E-17 .........
CUS04 3.65E-16 ..........



MINEQL output for speciation of copper with considering contributiion from sediment

Name Conc. %TotalCu(2+ ) 8.35E-09 0Cu2(OH)2+2 (+2) 1.38E-12 0Cu(OH)3 - (-1 ) 3.33E-13 0Cu(OH)4 -2 (-2) 3.72E-18 0CuOH + (+ 1) 1.98E~9 0Cu(OH)2AQ 0.000000131 2.9CuHC03 + (+ 1) 4.27E-l0 0CuHP04
2.32E-13 0Fe(st)OCu (+ 1) 0.000000584 13'Fe(wk)OCu (+ 1) 0.00000377 83.7CuCI3 - (-1) 7.49E-21 0CuCI2 AQ 2.72E-15 0CuCI4 -2 1 (-2) 5.04E-26 0CuCI + (+ 1) 8.38E-12 0CuC03AQ
7.25E-09 0Cu(C03)2-2 (-2) 4.65E-12 0CuS04AQ
1.42E-l0 0ATACAMITE
0.0000211 .........

AZURITE
0.000000478 .........

J\.W.ACH ITE
0.000816 .........

TENORITE
0.0969 .........

CU(OH)2
0.00925 .........

CUPRICFERIT 0.000647 .........
CU2(OH)3N03 2.6E-09 ...........
ANTLERITE 0.000000144 .........
CUOCUS04

4.77E-18 .........
BROCHANTITE 8.06E-08 .........
lANGfTE

9.14E-10 .........
CU3(P04)2.3W 2.81E-17 .........
CHAl..CANTHITE

3.27E-l0 .........
tvElANO THAI..LI 3.33E-19 .........
CUC03

0.00000576 .........
CU3(P04)2

1.51E-15 fl ••••••••

CUS04
4.16E-16 .........



MINEQL output lor speciation of copper with considering contribution from sediment

Name Cone. 0/0TotalCu(2+) 1.22E-ll 0Cu2(OH)2+2 (+2) 8.88E-15 0Cu(OH)3 - (-1) 7.73E-12 0Cu(OH)4 -2 (-2) 1.64E-15 0CuOH + (+ I ) 8.38E-Il 0Cu(OH)2AQ 0.000000139 4.1CuHC03 + (+ 1) 1.88E-II 0CuHP04 4.36E-14 0Fe(st)OCu (+ 1) 0.000000534 15.7"Fe(wk)OCu (+ I) 0.00000272 79.9CuCI3 - (-I) 9.26E-23 0CuCI2AQ 2.13E-17 0CuCI4 -2 1 (-2) 4.11E-28 0CuCI+ (+ 1) 4E-14 0CuC03AQ 8.04E-09 0Cu(C03)2-2 (-2) 2.23E-09 0CuS04AQ 8.04E-13 0ATACOMITE 0.00000606 .........
AZURITE 0.00000428 ••••••• 01".

/;WACHITE 0.0034 .........
TENORITE 0.353 .. .. .. .. .. .. .. .. ..
CU(OH)2 0.0338 .........
CUPRICFERIT 0.0013 t ••••••••

CU2(OH)3N03 5.48E-IO ..........
ANTLERITE 8.4E-IO ..........
CUOCUS04 4.64E-19 ...........
BROCHANTITE 4.98E-IO ••••••••••
LANGITE 1.39E-IO .. .. .. .. .. .. .. .. ..
CU3(P04)2,3W 1.05E-18 •• t •• t •• •• •• •• ••

CHAlCANTHITE 1.5E-12 ...........
MELANOTHAlLI 3.0IE-21 .........
CUC03 0.00000639 .........
CU3(P04)2 5.65E-17 ....... ., ..
CUS04 9.3E-18 ...........



MINEQL output ror speciation or Copper with considering contribution rrom sediment

Loc~tion 4(Wel Period!. Ramna Lake

Name
Conc. %TotalCu(2+ )
1.59E-ll9 0Cu2(OH)2+2 (+2) 2.06E-13 0Cu(OH)3 - (-1 ) 6.33E-14 0Cu(OH)4 -2 (-2) 5.34E-19 0CuOH + (+ 1) 4.33E-10 0Cu(OH)2AQ
2.86E-ll8 1.5CuHC03 + (+ 1) 9.7E-11 0CuHP04
9.74E-13 0Fe(st)OCu (+ 1) 0.000000475 25"Fe(wk)OCu (+ 1) 0.00000139 73.3CuCI3 - (-1) 6.98E-21 0CuCI2 AQ
1.9E-15 0CuC~ -2 1 (-2) 2.81E-26 0CuCI+ (+ 1) 4.19E-12 0CuC03AQ
1.65E-ll9 0Cu(C03)2-2 (-2) 7.21E-13 0CuS04AQ
8.69E-14 0ATACAMITE
0.0000048 ...........

AZURITE
3.06E-ll8 .........

IvWACHITE
0.000127 ..........

TENORITE
0.0643 .........

CU(OH)2
0.00615 .........

CUPRICFERIT
0.00025 •••••••••CU2(OH)3N03
5.07E-10 .........

ANTLERITE
3.88E-12 .........

CUOCUS04
7.S2E-21 .........

BROC~TITE 4.73E-13 .........
LANGITE

9.63E-14 .........
CU3(P04)2,3W

1.08E-16 .........
CHALCANTHITE

1.65E-13 .........
IvELANOTHALLI

2.65E-19 •••••••••CUC03
0.00000131 .........

CU3(P04)2
5.8E-15 .........

CUS04
8.77E-19 .........



MINEQl output for speciation of copper with considering contribution from sediment

Name
Cone.

%TotalCu(2+ )
3.63E-08

0Cu2(OH)2+2 (+2)
1.88E-ll

0
Cu(OH)3 _ (-1 )

7.25E-13
0Cu(OH)4 -2 (-2)

4.94E-18
0CuOH + (+ 1)

7.81E-09
0Cu(OH)2 AQ

0.00000041
7.3CuHC03 + (+ 1)

1.68E-09
0CuHP04

6.11E-l1
0Fe(sl)OCu (+ 1)

0.000000374
6.7'Fe(wk)OCu (+ 1)

0.00000475
84.8CuCI3 - (-1)

4.85E-20
0CuC12AQ

1.76E-14
0CuCI4 -2 1 (-2)

2.86E-25
0CuCI+ (+ 1)

4.75E-ll
0CuC03AQ

2.27E-08
0Cu(C03)2-2 (-2)

6.17E-12
0CuS04AQ

f .82E-09
0ATACAMITE

0.000298 .........AZURITE
0.0000147 .........M4J.ACHITE

0.008 .........TENORITE
0.303 .........CU(OH)2
0.029 .........CUPR/CFERIT

0.00202 .........CU2(OH)3N03
3.67E-08 .........ANTlER/TE
0.0000182 •••••••• 11"CUOCUS04
1.91E-16 .........BROCHANTITE
0.0000317 .........lANGITE
0.00000036 .........CU3(P04)2,3W

6.1E-12 .........CHAlCANTHITE
4.19E-09 ...............MElANOTHAlll
2.15E-f8 .........CUC03
0.000018 ••• t ••••••CU3(P04)2
3.27E-l0 .........CUS04
5.34E-15 .........
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