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Abstract: Recently, mixed metal oxide (MMO) appears be a promising material for the removal of textile dyes. In 
our previous investigation with nickel-cobalt mixed oxide, anionic dye was removed (~70%) by the matrix. In the 
extension of our study, copper-cobalt mixed oxide is studied to search for a superior adsorbent. Results demonstrated 
copper-cobalt mixed oxide as a better option to other oxide adsorbents. 

A simple chemical route was followed to prepare MMO matrix by precipitating the corresponding metal carbonates 
and heating the mixture of carbonates at 650oC under ambient atmosphere. IR, SEM and XRD methods were used 
to inspect the prepared MMO, while composition was studied by EDX analysis. UV-Vis was carried out for the 
adsorption studies. An anionic dye and a cationic dye were used to study the oxide matrix as adsorbent. It has been 
shown that anionic dyes can be removed completely at low pH with the MMO matrix.
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Introduction

Water is a growing concern today and its effi cient use 
will be one of the larger challenges of this century. 
The anticipated water shortage is both a national and 
international issue. Currently, it is estimated that 2.2 
million people die each year from consumption of 
contaminated water (Sciperio Inc.: The Water Problem, 
2009). The ninety percent of the reactive textile dyes 
using conventional dye removing method was known 
to pass through water streams as unchanged material 
and discharge to rivers (Pierce, 1994). This growing 
issue provokes intense research to establish a suitable 
method for removing the toxic organic and inorganic 
pollutants from water. Dyes, a major water contaminant, 
used by textile industries not only are aesthetically 
displeasing, but also reduce light penetration and hinder 
photosynthesis in aquatic plants (Judkins and Hornsby, 
1978; Grau. 1991; Sloker and Marechal, 1998), thus 

upsetting biological processes and productivity within a 
stream. Some dyes are recognised as hazardous to health, 
even carcinogenic (Brown and De Vito, 1993) and also 
toxic to some organisms. Therefore, it is important to fi nd 
a viable environment friendly method to treat the waste 
water released from the textile industries. Coagulation, 
fl occulation, biological oxidation, chemical precipitation 
and activated carbon adsorption are usually used for the 
removal of dyes from textile wastewaters, but the cost of 
these processes is the major drawback of these techniques 
(Mishra and Tripathy, 1993; Kannan and Sundaram, 
2001). Some industries also use the combined method 
like activated sludge and coagulation—activated sludge 
include adsorption or coagulation with chemical oxidation 
(Lin and Chen, 1997). However, conventional activated 
sludge and some combination of biological, chemical or 
physical methods are unable to effi ciently treat textile 
wastewater containing signifi cant concentration of dyes 
(Correia et al., 1994). Using of ozone is another method 
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in textile water treatment to destroy the conjugated chains 
of the dye molecules to impart colour (Saunders et al., 
1983; Carriere et al., 1993; Gähr et al., 1994; Perkowski 
et al., 1996; Sevimli and Sarikaya, 2002; Poznyak et al., 
2007). However, the adsorption techniques draw more 
attention in recent years for their competency in removing 
dye stuffs and also because of their economic feasibility 
(Choy et al., 1999; Erdem et al., 2005).

The development of economical and effi cient methods 
for the removal of dyes from textile waste water is an 
important issue. The objective of this study is to search 
and prepare a better adsorbent for the removal of textile 
dyes, in an economically acceptable manner. The 
effi ciency of the newly prepared mixed metal matrix as 
adsorbent was checked by studying removal of a cationic 
dye (methylene blue) and an anionic dye (procion red) 
from aqueous solution.

Materials and Methods

Reagents
In this study, an MMO matrix was prepared from copper 
and cobalt nitrates obtained from Uni-chem, China. 
The dyes, procion red (PR) and methylene blue (MB), 
were obtained from E. Merck, Germany. The chemical 
structures of the dyes are presented in Table 1. All other 
reagents used in this study were also of analytical grade 
and utilized as received. Double distilled water was used 
all through the experiments.

Sample Preparation

Preparation of MMO Adsorbent
‘Carbonate decomposition’ method (Tarasevich and 
Efremov, 1980; Marco et al., 2000) was followed to 
prepare Cu-Co mixed oxide. In brief, copper and cobalt 

nitrate solution having concentration of 0.25M were 
mixed with 1.0M ammonium carbonate. Carbonate of 
copper-cobalt was produced at the pH range of 6.60 to 
7.50. The precipitate was fi ltered and washed with excess 
distilled water to remove unreacted NH4

+ and CO3
2- ions. 

The sample was dried in an oven at 110oC for three hours 
followed by six hours heating in a furnace at 650oC. The 
dried mixed oxide product was then grounded and sieved 
using 100 mesh sieves, and stored in a desiccator.

Preparation of Adsorbate
The dye solutions were prepared by dissolving precisely 
weighed PR and MB in double distilled water to the 
concentrations of 615.4 mg/L and 72 mg/L, respectively. 
The dye stock solutions were then diluted in accurate 
proportions to varied initial concentrations for studying 
as adsorbate. pH was maintained by adding dilute HCl 
or NH4OH.

Analytical Measurements
Cu-oxides, Co-oxides and Cu-Co mixed oxides materials 
were analysed for their X-ray diffraction [Philips, Expert 
Pro, Holland] pattern in the powder state. For this 
purpose, the samples were prepared as the procedure 
described in sample preparation.

IR spectra of all the dried samples of Cu-oxides,
Co-oxides and Cu-Co mixed oxides were recorded on 
an IR spectrometer [IR-470, Shimadzu, Japan] in the 
region of 4000-400 cm-1. IR spectra of the solid samples 
were frequently obtained by mixing and grinding a small 
amount of materials with dry and pure KBr crystals; 
and making a pellet under pressure of 8-10 tons. The 
pellet was then placed in the path of IR beam for 
measurements.

The UV-Vis spectral analysis of the sample solutions 
employed a double beam spectrophotometer [UV-1601 
PC, Shimadzu, Japan]. UV-Vis spectroscopic analysis 
for the adsorption and degradation studies of the dyes 
involved the aqueous solution at different pH. The 
references in these cases were the corresponding aqueous 
solutions used for preparing the adsorbate solutions.

Elemental analysis of the mixed oxide sample was 
performed by EDX spectra. The sample was placed in 
the main SEM chamber integrated with the EDX machine 
[Philips XL30, Netherlands].

Surface Analysis
The surface morphology was examined by scanning 
electron microscopy [Philips XL30, Netherlands]. The 
dried powder samples of Cu-oxides, Co-oxides and 
Cu-Co mixed oxides were dispersed on a conducting 
carbon glued strip. The strip was mounted to a chamber 

Table 1: Chemical structures of PR and MB

 Dye Chemical structure

 

Procion red (PR)

  
 

 Methylene blue (MB)
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and a very thin gold layer was sputtered on the sample 
to ensure the conductivity of the sample surface. The 
sample was then placed in the main SEM chamber to 
view its surface.

Adsorption Studies
For adsorption process, exactly 0.2 g of mixed oxide 
was taken to each of the six reaction vessels. Each vessel 
was charged with 100.0 mL dye solution of desired 
concentration. Immediately after the addition of dye 
solution, the shaking device was allowed to function. 
The bottles were put down from the shaker by turn after 
defi nite time intervals (i.e. 15 min, 30 min, 45 min, 60 
min, 90 min and 120 min respectively). After shaking, the 
solutions were centrifuged and the clear solutions were 
taken for spectroscopic analysis to determine the change 
in the concentration of selected textile dyes. Adsorption 
experiments were performed at 30oC both in different 
acidic pH and alkaline pH. PR and MB were measured 
at λmax of 664 and 537 nm, respectively.

Photolysis
A typical experiment of photolysis was also carried out 
to fi nd any effect of photolysis on dye removal by the 
mixed oxide matrix.

Results and discussion

Characterisation of the Adsorbent,
Cu-Co Mixed Matrix

EDX Analysis
Thermal carbonate decomposition was adopted in this 
study to synthesise the Cu-Co mixed oxide. EDX analysis 
was carried out to determine the composition of the oxide 
matrix. The EDX data provided the percentage of each 
element present in the matrix. Consequently, it allowed us 
to estimate the approximate composition of the samples 
studied. The composition of the present mixed metal 
matrix sample was found to be Cu0.4Co0.4O0.2. The EDX 
spectra are shown in Figure 1.

FT-IR Spectral Analysis
In order to acquire some insight about the structure of the 
synthesized matrices, IR spectra of Co-oxide, Cu-oxide 
and Cu-Co mixed oxide were recorded. FT-IR data also 
confi rmed the formation of pure Cu and Co oxides after 
heat treatment at 650oC. The result showed two bands at 
578.6 and 667.3 cm-1 for Co-oxide and at 478.3 and 532.3 
cm-1 for Cu-oxide. These peaks are characteristic of Co-O 
and Cu-O vibrational modes (Kliche and Popovic, 1990; 
Belous et al., 2006; Tang et al., 2008), suggesting that 

the oxide products are pure inorganic Co and Cu oxide 
species after calcinations at 650oC.

In case of mixed matrix, the formation of Cu-Co oxide 
species in the sample was also identifi ed by FT-IR. Two 
sharp and two weak peaks are observed at 565.1, 667.3 
and 457.0, 518.8 cm-1 respectively. The spectrum is shown 
in Figure 2(c). The formation of Cu-Co mixed oxide is 
evident evaluating its single oxide spectra. The individual 
peak position of Cu-oxide and Co-oxide shifted to 457.0 
cm-1, 518.8 cm-1, 565.1 and 667.3 cm-1 from their original 
values of 478.3 cm-1, 532.3 cm-1, 578.6 cm-1 and 667.3 
cm-1, respectively (Figures 2(a) and 2(b))

XRD Analysis
The solid matrices, viz. Cu-oxide, Co-oxide and Cu-
Co mixed oxide prepared by precipitation and thermal 
decomposition methods were examined for their 
structural analysis in the powdered state by using wide 
angle X-ray diffraction. Figure 3(a) shows the XRD 
pattern of the species, Co-oxide. In this fi gure one sharp 
and several weak peaks are observed. It indicates that 
the species is polycrystalline and the structure is Co3O4. 
This result is in agreement with previous workers (Belous 
et al., 2006; Tang et al., 2008). On the other hand, the 
existence of strong and sharp diffraction peak at 2θ 
values of 35.61 and 38.79 corresponding to (111) and 
(200) crystal planes indicated the formation of crystalline 
monoclinic structure of tenorite as CuO at 650oC (Figure 
3(b), JCPDS No. 05-0661) (Guo et al., 2005; Sun et al., 
2005; Molteni et al., 2006; Chen et al., 2008).

From XRD pattern of Cu-Co mixed oxide (Figure 
3(c)), we can see the characteristics diffraction peaks of 
Cu- and Co-oxide and changes in their peak positions. 
It indicates that the crystallinity is changed and Cu-Co 

Figure 1: Elemental analysis of Cu-Co mixed oxide. 
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Figure 2: IR spectra of (a) Co-oxide, (b) Cu-oxide and (c) Cu-Co mixed oxide.

Figure 3: XRD patterns of (a) Co-oxide, (b) Cu-oxide and as prepared (c) Cu-Co mixed oxide.
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mixed oxide is formed. The pattern of the mixed oxide is 
also consistent with the data obtained by Li (1990).

SEM Analysis
SEM image of Cu-Co mixed oxide is shown in Figure 
4(c). With respect to Co-oxide and Cu-oxide (Figures 
4(a) and 4(b)), particles are distributed with granular 
shape and packed with each other. The average particle 
size seems to be in the range of 10-20 μm. The SEM 
result showed that the surface contains also rather smaller 
particles as down to 1 μm or less. It is, certainly, to be of 
high interest to obtain smaller size, especially nano-sized 
mixed oxide particles by preventing aggregation. This 
might be possible by means of some capping agent like 
poly vinyl acetate (Dharmaraj et al., 2006) during the 
synthesis of mixed oxide.

Adsorption of Dyes on Cu-Co Mixed Oxide Surface
We studied the adsorption of MB on Cu and Co oxide 
individually to compare the results with their mixed 
matrix. It is found that adsorption of textile dyes like MB 
on Cu-oxide and Co-oxide is not so signifi cant. About 
26-32% MB was found to be adsorbed on these oxides 
for two hours. As a result, further experiments were not 
carried out using copper and cobalt oxide.

The preparation of mixed oxide from individual oxide 
possibly changes the surface property of the former. Thus, 
the extent of dye adsorption on the oxide is different. Our 
aim was to use the mixed matrix as a superior adsorbent to 
the individual oxides and also to other mixed oxides.

The study (Figure 5(b)) showed the adsorption of MB 
on Cu-Co mixed oxide, at pH 6.73, is ca. 33% at time 
120 minutes. The amount of MB adsorbed here at this 
pH is better than that of the individual oxides. However, 
the result was not so satisfactory. Another experiment 
was run at pH 9.95, which is shown in Figure 5(a). At 
this pH, amount of adsorption is high ca. 46% than at pH 
6.73. It is known that MB is a cationic dye. It would be 
adsorbed more at high pH because of having the negative 
surface. Therefore, the adsorption of MB carried out at 
high pH on Cu-Co oxide is high, due to the electrostatic 
attraction between MB and negative surface as well as 
Vander Waals forces (Demirbas et al., 2002; Chowdhury 
et al., 2004).

Another textile dye PR was studied for the adsorption 
on mixed oxide. At pH 7.12, PR adsorption was 
signifi cant (Figure 6(b)). At pH 9.98, a low adsorption 
was evident (Figure 6(c)). As the PR is an anionic dye, 
it is likely to be adsorbed more at low pH.

Figure 4: SEM micrographs of (a) Co-oxide, (b) Cu-oxide and (c) Cu-Co mixed oxide.
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At pH 4.74, surface of PR is positive. Hence, it was 
observed that PR adsorbed very strongly on mixed oxide 
at this pH (Figure 6(a)). It is due to the electrostatic 
attraction between PR and surface of mixed oxide. 
Vander Waals forces are another cause for this high 
adsorption. As the adsorption of PR at low pH was found 

very effective, the study was extended further considering 
other low pH levels. At this stage the observation was 
quite remarkable. The 100% PR was found to be adsorbed 
on mixed oxide matrix at pH 4.17. At pH of 3.74, 100% 
PR was also removed even after taking the concentration 
as high as 2.0 × 10-3 M.

At high pH, surface is negative, and electrostatic 
repulsion between PR and surface of mixed oxide occurs. 
As a result adsorption is quite low ca. 8%, whilst it is 
very high at low pH like 4.74, which is ca. 91% (100% at 
pH 4.17). The adsorption is due to Vander Waals forces 
between PR and mixed oxide.

The present study established a complete adsorption 
of the anionic PR dye on the Cu-Co mixed oxide in 
acidic medium, where the adsorbent surface acquires a 
net positive charge. Conversely, the cationic MB shows 
higher affi nity to be adsorbed on the oxide matrix in the 
alkaline medium, where the surface has a net negative 
charge (Chowdhury et al., 2004).

Isotherm study also showed very consistent output at 
different pH (Figures 7(a-d)). All the isotherms found 
at different pH matched identically with one of the six 
available isotherms (Nolan et al., 1981; Findenegg, 
1984).

Photolysis
Another technique for the removal of toxic or biologically 
persistent compounds is photolysis (McCullagh et al., 
2007). Photolysis of PR in the presence of mixed oxide 
suspension was carried out. At pH 7.12, photolysis of PR 
is quite signifi cant. A parallel experiment was studied at 
the same condition without irradiation of light. About 
43% of PR was removed by adsorption from the system; 
whereas, about 46% PR was removed by photolysis. A 
comparison of photolysis and adsorption is shown in 
Figures 8 and 9. It can be concluded that the amount of 
photolysis is quite low and adsorption is comparatively 
high. For this reason, further experiment at other pH level 
has not been conducted.

Photolysis will be increased when photocatalyst 
generates photoelectrons and holes after irradiation 
of light. These electrons and holes produce different 
active radicals which attack dye or other organic or 
inorganic molecules (CaluTech UV Air 2005). In the 
present experiment, a fewer photogenerated electrons 
and holes have been produced due to p-type mixed 
oxide semiconductor. Thus, mixed oxide cannot play a 
signifi cant role in photolysis but plays a vital role as an 
adsorbent for the removal of textile dyes. 

Figure 5: Adsorption of MB on Cu-Co mixed oxide 
surface: (a) pH 9.95 and (b) pH 6.73.

Figure 6: Adsorption of PR on Cu-Co mixed oxide: 
(a) pH 4.74, (b) pH 7.12 and (c) pH 9.98
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Figure 7: Isotherms for the adsorption of PR on Cu-Co mixed oxide at (a) pH 7.12, (b) pH 9.98, 
(c) pH 4.74 and (d) pH 4.17.

Figure 8: Comparison of adsorption and photolysis 
of PR in the presence of Cu-Co mixed oxide 

suspension  at pH 7.12.

Figure 9: Spectra of adsorption of PR: (a) initial 
concentration, (b) without irradiation of light and 

(c) with irradiation of light.

Conclusions

A Cu-Co mixed oxide matrix (Cu0.4Co0.4O0.2) is obtained 
by a simple route of carbonate decomposition at 650oC. 
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This MO matrix showed a good result to degrade the 
dye stuff efficiently. Particularly, the present study 
showed that the anionic dye PR can be adsorbed onto 
the MMO surface to a much greater extent than that of 
MB, suggesting the Cu-Co MO is an effective adsorbent 
for the PR removal by adsorption. PR was removed 
completely at lower pH value that suggests Cu-Co 
MO matrix, a better adsorbent than other oxide system 
(Chowdhury et al., 2010). In case of MB, however, a 
better result was possible at high pH value up to a certain 
extent. The adsorption most likely occurs via electrostatic 
interaction between the ionic dyes and the charged Cu-Co 
mixed oxide surface. The isotherms thus obtained from 
the adsorption data are quite consistent with the Langmuir 
isotherm (Nolan et al., 1981; Findenegg, 1984).

Photolysis of PR under UV light was also examined. 
However, the extent of dye removal was found to 
be almost unaffected, indicating that the superior 
performance of the MMO can be obtained without 
external UV illumination.

Acknowledgements

The authors are indebted to Bangladesh University 
of Engineering and Technology (BUET), Dhaka, 
Bangladesh for fi nancial support. Department of Material 
and Metallurgical Engineering, BUET is thanked for 
providing SEM used in this study. Bangladesh Atomic 
Energy Commission, Dhaka, Bangladesh is thanked for 
giving the permission toward XRD facility.

References

Belous, A., Yanchevskii, O. and A. Kramarenko (2006). 
Synthesis of nanosize particles of cobalt and nickel oxides 
from solutions. Russian Journal of Applied Chemistry, 
79(3): 345-350.

Brown, M.A. and S.C. De Vito (1993). Predicting azo dye 
toxicity. Crit. Rev. Environ. Sci. Technol., 23: 249-324.

CaluTech UV Air (2005). Snapcat photo catalytic oxidation 
with titanium dioxide. CaluTech UV Air: http://www.
calutech.com/photocatalytic-oxidation.htm.

Carriere, J., Jones, J.P. and S.J. Judd (1993). Decolorization of 
textile dye solution. Ozone Sci. Eng., 15: 189-200.

Chen, L., Li, L. and G. Li (2008). Synthesis of CuO nanorods 
and their catalytic activity in the thermal decomposition of 
ammonium perchlorate. Journal of Alloys and Compounds, 
464: 532-536.

Chowdhury, A.-N., Jesmeen, S.R. and M.M. Hossain (2004). 
Removal of dyes from water by conducting polymeric 
adsorbent. Polym. Adv. Technol., 15: 633.

Chowdhury, A.-N., Rahim, A., Ferdosi, Y.J., Azam, M.S. and 
M.M. Hossain (2010). Cobalt-nickel mixed oxide surface: A 
promising adsorbent for the removal of PR dye from water. 
Applied Surface Science, 256(12): 3718-3724.

Choy, K.K.H., McKay, G. and J.F. Porter (1999). Sorption of 
acid dyes from effl uents using activated carbon. Resour. 
Conserv. Rec., 27: 57.

Correia, V.M., Stephenson, T. and S.J. Judd (1994). 
Characterization of textile wastewaters. Environ. Tech., 
15: 917-929.

Demirbas, O., Alkan, M. and M. Dogan (2002). The removal 
of victoria blue from aqueous by adsorption on a low-cost 
material. Adsorption, 8: 341.

Dharmaraj, N., Prabu, P., Nagarajan, S., Kim, C.H., Park, 
J.H. and H.Y. Kim (2006). Synthesis of nickel oxide 
nanoparticles using nickel acetate and poly(vinyl acetate) 
precursor. Materials Science and Engineering, B128: 
111-114.

Erdem, E., Çölgeçen, G. and R. Donat (2005). The removal 
of textile dyes by diatomite earth. Journal of Colloid and 
Interface Science, 282(2): 314-319.

Findenegg, G.H. (1984). Fundamentals of adsorption. 
Engineering Foundation, 207-218.

Gähr, F., Hermanuts, F. and W. Oppermann (1994). 
Ozonation—An important technique to comply with new 
German laws for textile wastewater treatment. Water Sci. 
Tech. 30: 255-263.

Grau, P. (1991). Textile industry wastewaters treatment. Water 
Science and Technology, 24(1): 97-103.

Guo, Y., Weiss, R. and M. Epple (2005). A straightforward 
route to copper/zinc oxide nanocomposites: The controlled 
thermolysis of Zn[Cu(Cn)3]. Eur. J. Inorg. Chem., 2005: 
3072-3079.

Judkins, J.J.F. and J.S. Hornsby (1978). Color removal from 
textile dye waste using magnesium carbonate. Research 
Journal of the Water Pollution Control Federation, 50(11): 
2446-2456.

Kannan, N. and M.M. Sundaram (2001). Kinetics and 
mechanism of removal of methylene blue by adsorption on 
various carbons—A comparative study. Dyes and Pigments, 
51: 25-40.

Kliche, K. and Z.V. Popovic (1990). Far-infrared spectroscopic 
investigations on CuO. Phys. Rev., B42: 10060.

Li, G.-H., Dai, L.-Z., Lu, D.-S. and S.-Y. Peng (1990). 
Characterization of copper cobalt mixed oxide. Journal of 
Solid State Chemistry, 89(1): 167-173.

Lin, S.H. and A.L. Chen (1997). Treatment of textile 
wastewater by chemical methods for reuse. Water Research, 
31: 868-876.

Marco, J.F., Gancedo, J.R., Gracia, M., Gautier, J.L., Rios, 
E. and F.J. Berry (2000). Characterization of the nickel 
cobaltite, NiCo2O4, prepared by several methods: An XRD, 
XANES, EXAFS, and XPS study. J. Solid State Chem., 
153(1): 74-81.



 Copper-Cobalt Mixed Oxide Matrix: A Better Adsorbent for the Treatment of Textile Dye 9

McCullagh, C., Robertson, J.M.C., Bahnemann, D.W. 
and P.K.J. Robertson (2007). The application of TiO2 
photocatalysis for disinfection of water contaminated 
with pathogenic micro-organisms: A review. Research on 
Chemical Intermediates, 33(3-5): 359-375.

Mishra, G. and M. Tripathy (1993). A critical review of 
the treatments for decolourization of textile effluent. 
Colourage, 40: 35-38.

Molteni, G., Bianchi, C.L., Marinoni, G., Santo, N. and A. 
Ponti (2006). Cu/Cu-oxide nanoparticles as catalyst in the 
“click” azide-alkyne cycloaddition. New J. Chem., 30: 
1137-1139.

Nolan, J.T., McKeehan, T.W. and R.P. Danner (1981). 
Equilibrium adsorption of oxygen, nitrogen, carbon 
monoxide, and their binary mixtures on molecular sieve 
type 10x. J. Chem. Eng. Data, 26: 112.

Perkowski, J., Kos, L. and S. Ledakowicz (1996). Application 
of ozone in textile wastewater treatment. Ozone Sci. Eng., 
18: 73-85.

Pierce, J. (1994). Colour in textile effl uents—The origins of 
the problem. J. Soc. Dyers Colourists, 110: 131-134.

Poznyak, T., Colindres, P. and I. Chairez (2007). Treatment 
of textile industrial dyes by simple ozonation with water 
recirculation. J. Mex. Chem. Soc., 51(2): 81-86.

Saunders, F.M., Gould, J.P. and C.R. Southerlend (1983). The 
effect of solute competition on ozonolysis of industrial dyes. 
Water Res., 17: 1407-1419.

Sciperio Inc.: The Water Problem 2009. http://www.Sciperio.
Com/watertech/water-problem.Asp.

Sevimli, M.F. and H.Z. Sarikaya (2002). Ozone treatment of 
textile effl uents and dyes: Effect of applied ozone dose, 
pH and dye concentration. J. Chem. Tech. Biotech., 77: 
842-850.

Sloker, Y.M. and M.L. Marechal (1998). Methods of 
decoloration of textile wastewaters. Dyes Pigments, 37: 
335.

Sun, X., Zhang, Y.-W., Si, R. and C.-H. Yan (2005). Metal 
(Mn, Co, and Cu) oxide nanocrystals from simple formate 
precursors. Small, 1(11): 1081-1086.

Tang, C.-W., Wang, C.-B. and S.-H. Chien (2008). 
Characterization of cobalt oxides studied by FT-IR, Raman, 
TPR and TG-MS. Thermochimica Acta, 473(1-2): 68-73.

Tarasevich, M.R. and B.N. Efremov (1980). Properties of 
spinel-type oxide electrodes. In: Electrodes of conductive 
metallic oxides. Part A. S. Trasatti (ed.), Elsevier, 
Amsterdam.  



Contents

Editorial i

Snapshot ii

Guest Editorial: Human Activities and Natural Disasters Affecting Water Quality and Ecology of the
Brantas River and Madura Strait Coastal Waters, Java, Indonesia

Tim C. Jennerjahn, Seno Adi and Friedhelm Schroeder 1
History of Development and Attendant Environmental Changes in the Brantas River Basin,

Java, Indonesia, since 1970
Seno Adi, Ingo Jänen and Tim C. Jennerjahn 5

The Estimation of Probable Maximum Precipitation (PMP) for 24 Hours Duration in the Upper
Brantas River Basin, East Java

Sutopo Purwo Nugroho and Seno Adi 17
Development and Application of the MERMAID Water Quality Monitoring Station in the

Brantas River, Java, Indonesia
Friedhelm Schroeder, Michael Boer and Didik Agus Wijanarko 25

Does High Silicate Supply Control Phytoplankton Composition and Particulate Organic Matter
Formation in Two Eutrophic Reservoirs in the Brantas River Catchment, Java, Indonesia?

Tim C. Jennerjahn and Sascha Klöpper 41
Water Quality Time-series Data of the Lower Brantas River, East Java, Indonesia: Results

from an Automated Water Quality Monitoring Station
Friedhelm Schroeder and Hans-Diethard Knauth 55

Spatio-temporal Variations in Nutrient Supply of the Brantas River to Madura Strait Coastal
Waters, Java, Indonesia, Related to Human Alterations in the Catchment and a Mud Volcano

Ingo Jänen, Seno Adi and Tim C. Jennerjahn 73
Sources and Degradation of Sedimentary Organic Matter in Coastal Waters off the Brantas

River, Java, Indonesia
Claudia Propp, Ingo Jänen and Tim Jennerjahn 95

Seasonal Variability of the Water Residence Time in the Madura Strait, East Java, Indonesia
Mochamad Saleh Nugrahadi, Kurt Duwe, Friedhelm Schroeder and Dirk Goldmann 117

Impact of the Bangshi River Water Quality on Irrigated Soil and Rice in Bangladesh
Masudur Rahman and M. Shahjahan Mondal 129

Isolation of Salmonella Typhimurium and Detection of Virulence Contributing Genes
from Water of River Ganges
M.K. Saxena, Rubi Singh, Achana Yadav, Shashi Kiran, Anjani Saxena and B.D. Lakhchura 141

Effects of Cadmium on Some Haematological Parameters of the Mozambique Tilapia,
Oreochromis mossambicus (Peters 1852)

R.A.A.R. Ranatunge, M.R. Wijesinghe, W.D. Ratnasooriya and R. Wijesekera 149
Analysis of Some Characteristic Parameters of Potable Water and Treated Wastewater & Its Reuse

Mushini Venkata Subba Rao and V. Dhilleswara Rao 155

Environment News Futures 161

Volume 10 Number 1 January – March, 2013

Asian Journal of Water, Environment and Pollution


