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Abstract 

Microcalorimetry plays a significant role with its thermodynamic capacity across a broad range of 
environmental research fields. Recently developed instrumental methods are easily applied to different fields 
of study through microcalorimeters and they are commercially available. The effective area of application 
includes investigation into trace elements, living organisms, solute-solvent interactions, sorption processes 
and the identification of technical products stability. The combination of microcalorimetry with different 
specific analytical techniques has taken an effective role in solving the complex study of environmental 
sciences. Although microcalorimetric analyses have secured a place industrially for quality production, it is 
still not widely used in industrially. In our understanding it is also possible to apply in ecotoxicological fields 
of environmental sciences such as wastewater treatment. [The Journal of American Science. 
2009;5(1):25-39]. (ISSN: 1545-1003). 
 
Keywords: Microcalrimeter; Isothermal titration; Spectrophotometer; Double twin microcalorimeter; Chip 
microcalorimeter. 
 
1. INTRODUCTION 

All chemical, physical and biological processes result in either heat production or heat consumption. 
Microcalorimetry is a versatile technique for studying these thermal activities in terms of heat, heat flow and 
heat capacity. Microcalorimetry can be completely nondestructive and non-invasive to the sample. It seldom 
requires any prior sample treatment nor does it limit analysis to a physical state of the sample. Solids, liquids 
and gases can all be investigated. Microcalorimetry does not require a sample that has a particular 
characteristic to enable measurement like FTIR, UV-VIS, NMR, etc. Microcalorimetry is a direct and 
continuous measurement of the process under study. Unlike other analytical techniques that give “snapshots” 
of data, microcalorimetry gives real-time data continuously as the process proceeds. Fig. 1 displays the heat 
measuring principle of a microcalorimeter. 

All calorimeters are thermodynamic instruments but some are also used in kinetics or as analytical tools. 
Differential scanning calorimetry (DSC) has for a long time been one of the most important techniques in 
thermal analysis and more recently ‘isothermal microcalorimeters’ are gaining an increasing importance as 
analytical instruments, in particular in some applied fields. Up to four independent calorimeters can be used 
simultaneously with Thermal Activity Monitor (TAM III), to perform repetitive or different types of 
experiments. TAM III is totally modular and enables a smaller system to be added to increase sample 
capacity or functionality. With the addition of a multi-calorimeter, holding six independent mini-calorimeters, 
the sample throughput is increased. While the standard version may be sufficient for many applications, the 
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48 channel version of TAM III, which enables as many as 48 simultaneous measurements, is recommended 
for high sample throughput. TAM III is simple to use and seldom requires much sample preparation. Since 
measurement is continuous, there are no breaks in the data collected. All sample set-up and data acquisition 
steps are performed by a dedicated software package, TAM Assistant™, which can also perform most 
common types of data analyses. In the isothermal mode, the high level of control enables for both long and 
short-term experiments to be performed with excellent baseline stability. The step isothermal mode is used to 
perform isothermal experiments at a number of temperatures in one single experiment. Because the 
instrument records data continuously, also during the temperature change, phase transitions or other 
temperature dependent effects will be detected. The scanning mode operates a linear ramp of temperature 
with time. Since the scanning rate is very slow the sample can be considered to be in thermal, chemical and 
physical equilibrium during measurement. In kinetic studies, the slow scanning rate ensures that the reaction 
follows the Arrhenius relation, i.e. the actual reaction rate takes place without significant overshoot in 
temperature. Fig. 2 shows one unit of TAM III multi-channel isothermal micro calorimeter. Most isothermal 
micro-calorimeters in current use are of the heat conduction type, for details of heat conduction 
micro-calorimeter see the references (Backman et al 1994; Wadsö 1994). 

Currently calorimeters designed for work in the microwatt range conducted environmental research 
work under isothermal conditions. Nano-calorimeters, the name of which usually indicates a detection limit 
approaching one nano-watt, are included here in the group of micro-calorimeters. Recent developments in 
isothermal microcalorimetry have been substantial and several “easy to use” instruments are now 
commercially available. When complex processes are characterized by calorimetric measurements, for 
example in technical products or in biotic materials, it may not be possible to express the results in terms of 
thermodynamic or kinetic quantities by referring to well-defined reaction steps. In such cases, isothermal 
micro-calorimeters have found important, but so far limited use, as general ‘process monitors’ (Wadsö 1997).  

This review will discuss microcalorimetric technology and its wide range application in environmental 
research. Its not cover all the applications of microcalorimetric technique in respect of environmental issue. 
Due to this limitation we apologize. Special attention will focus on different microcalorimeter techniques as 
process monitors in applied areas and where specific analytical measurements are conducted with the 
calorimetric experiments. Finding suitable microcalorimetric technique to reduce the environmental waste 
management and safe our environment. 
 
2. MICROCALORIMETRIC AND OTHER METHODS FOR ENVIRONMENTAL STUDIES 
2.1. Flow Microcalorimetric Technique 
   The microcalorimeter contained one flow through type reaction vessel operated at a constant flow 
rate and another vessel that could be used for mixing. A bubble of air was allowed to enter the flow system 
before an experiment; this showed the boundary between the liquids, acted as a marker and also helped to 
clean the reaction vessel before the new liquid entered. 
Morgan and Bunch (2000) suggest that the microcalorimeter plays an excellent role in recovering oral 
microflora. The oral care market is one of the most important in the pharmaceutical sector, toothpaste sales 
alone were worth nearly $1 billion per annum a decade ago (Zeeve 1991). Microcalorimetry can be used to 
measure the heat associated with chemical or biochemical reactions (Buckton et al 1991; Chowdhry et al 
1983). It has been to be a useful tool for examining many types of cellular activities in a wide range of 
organisms (Kemp 1991; Criddle et al 1991; Beezer et al 1977). The advantage of microcalorimetry is that the 
microorganisms can be challenged with various concentrations of the agent and any response is immediately 
registered. Microcalorimetry can be used to indicate a wider range of metabolic events that are inhibited by 
assessment percentage. Indeed, microcalorimetry has provided useful information for the synthetic drug 
design (Huang et al 1998) and has been used in deriving quantitative structural activity relationships (QSARs) 
(Montanari 1999). In their study it is proposed that microcalorimetry with cryopreserved cells could be used 
as a method for rapidly assessing the potential of individual or mixtures of components for commercial 
preparations designed to control oral microflora. 
 
2.2. Combination Techniques 
2.2.1. Flow Microcalorimetry and Spectrophotometry  

Debord and others (2005) used a flow microcalorimeter to study enzyme (arylesterase) reactions. 
The enzyme activity is usually determined by spectrophotometry at 270 nm, using phenyl acetate as substrate. 
During there studies with various inhibitors of this enzyme, they experienced some limitations of the 
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spectrophotometric technique, due to the high absorption of some inhibitors. So that they are selected 
microcalorimetry as a suitable alternative technique, since it does not display such limitations. Their main 
object was to summarizing the theoretical aspects of the microcalorimetric method, taking advantage of 
recent mathematical developments concerning the integrated Michaelis equation (Schnell & Mendoza 1997; 
Goudar et al 1999; Barry et al 1995) in order to validate the microcalorimetric study of arylesterase through 
comparison with the standard spectrophotometric method. Johnson and Biltonen (1975) have shown that the 
validity of this hypothesis depends on the existence of a thermal equilibrium between the exiting solution and 
the body of the calorimeter cell. Determining the thermodynamic and kinetic parameters of enzyme reactions 
is very useful to follow special references (Beezer et al 1972; Beezer & Stubbs 1973; O’Neill et al 2003; 
O’Neill et al 2004a; O’Neill et al 2004b). The microcalorimetric analysis of enzyme reactions often requires 
application of the integrated Michaelis equation. This application or integration was previously performed 
mostly by linear regression applied to a linearized form of the equation (Juszkiewicz et al 1998; Kot et al 
2000; Todd & Gomez 2001; Stödeman & Schwartz 2002; Stödeman & Schwartz 2003). The results show that 
flow microcalorimetry could be a useful method for kinetic studies of arylesterase. 
 
2.2.2. Differential Scanning and Isothermal Titration Microcalorimetry 

The capabilities of contemporary differential scanning and isothermal titration microcalorimetry (ITC) 
for studying the thermodynamics of protein unfolding/refolding and their association with partners, 
particularly target DNA duplexes, were considered (Privalov & Dragan 2007). Contemporary DSC 
instruments are characterized not only by high sensitivity but by the high stability of their baseline and the 
ability to scan aqueous solutions up to and above 100 °C under excess pressure and by super cooling down 
below 0 °C. The wide operational range is important because changes of many macro molecules take place 
over a very broad temperature range. The main specificities of the contemporary ITC instruments are their 
sensitivity (i.e., the nanomolar consumption of material for experiment), the stability work at various fixed 
temperatures and fast equilibration at reloading the sample and changing the temperature at points whose 
measurements are conducted. The combined use of the isothermal titration and differential scanning 
microcalorimeters is critical. One of the important results from that study is the revealed qualitative 
difference in the energetic signatures of protein binding to the minor and major grooves. 
 
2.2.3. Differential Calorimeter and Respirometer 

So far only a few studies have been conducted about wastewater pollution based study in respect to the 
microcalorimetric analytical method in this specific field. One of these studies has used a combination 
method with differential calorimeters for animal wastewaters (AWW). The animal wastewaters were 
sampled from a pig-fattening farm (Dziejowski1995). Long-term and heavy application of AWW to soil may 
cause the pollution of ground waters, eutrophication of surface waters and biological, chemical and physical 
changes in soil (Middlebrooks 1974). Animal wastewaters from pig farms are characterized by high values of 
chemical oxygen demand (COD) and biochemical oxygen demand (BOD), and contain significant amounts 
of organic and inorganic compounds, N, P and other elements (Middlebrooks 1974). Studies of the microbial 
decomposition and mineralization of AWW are vital for environmental protection. An important research 
fact for the calorimetry of soil microbial processes has been concerned with the decomposition of sugars in 
soil (Yamano & Takahashi 1983; Ljungholm 1979). The main goal of this work is to show the usefulness of a 
high-volume calorimeter (0.5 dm3) as an applied method for characterization of the decomposition of AWW 
in soils. 

Soil microorganisms play an essential role in the environment due to their role in cycling mineral 
compounds and in the decomposition of organic material (Silvana et al 2004). Soil microorganisms and their 
controlled processes are essential for the long-term sustainability of agricultural systems (Aikio et al 2000). 
However, many studies of agricultural effects on microbiota in soil are short-term. On the other hand, 
microorganisms also play an important role in degrading many agrochemicals. This action in the soil can 
promote a decrease in the toxicity of many organic compounds and influence the health of soil. The microbial 
activity measured in soils can indicate its degree of fertility and quality for agricultural management 
(Dumontet et al 2001). This procedure leads to the recommendation of desirable soil management, in order to 
favor agricultural uses (Kushwaha et al 2001). Knowledge of the dominant microbial processes in 
agricultural soils requires a great number of measurements at different conditions, which also requires a great 
number of samples and accurate methods (Turner et al 2001). A usual method to quantify microbial activity 
in soils consists in measuring soil respiration as carbon dioxide evolution or molecular oxygen consumption, 
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which depends on microbial biomass composition in the soil, ambient temperature and moisture content. 
These methods employed for monitoring the microbiology of soil, have some advantages and limitations 
with a common characteristic that consists of measuring a given final product (Klein & Paschke 2000). The 
investigation of soil microbial activity is the use of a calorimetric technique, which has recently increased due 
to its facility in data collection. Some calorimetric investigations have been compared with classical methods 
for soil microbiology, referring to temperate soils. Calorimetric measurements for a metabolic process have 
become a method important for studying microorganisms, but the interpretation of the thermal effect 
observed requires additional biochemical information, including the simultaneous knowledge of molecular 
oxygen consumption and carbon dioxide evolution. The thermal effect involved can be followed through 
power–time curves and the great advantage of this procedure is the evaluation of the enthalpy values. 
Another advantage of the calorimetric method is related to the fact that it is simple and the measurement does 
not affect the sample. The signal is continuously recorded and enables to follow measurement of the same 
sample, a procedure which is not possible for other methods. The lowest incubation time presented smaller 
correlation values than those from longer incubation times and the best correlation data is verified after 103 
days of incubation (Silvana et al 2004). The lowest correlations may be attributed to bioreactions that can be 
occurring simultaneously with the respiration process. The close correlation between respirometric and 
calorimetric values suggests that both methods are appropriate for assessing the relationship between the 
microbial activity and some properties in soils. Based on the obtained calorimetric results, it can be proposed 
that this technique should be as a useful analytical method for determining the microbial activity in soils. 

Control of the utilization of soil for economic purposes is of the utmost importance for sustainable 
development. The Kyoto protocol states that CO2 emissions due to soil utilization must be controlled and 
appropriate methodologies introduced that are rational and allow the monitoring of soil activity. Most studies 
focused soil microbial activity employ the CO2 dissipated and the biomass as indicators. The methodologies 
to quantify CO2 and soil biomass are very laborious, and provide results only after very long experimental 
phases. These studies have only an empirical focus, since it is very difficult to obtain quantitative indicators 
of soil microbial activity. The main consequence of the methodological limitations has been inappropriate 
soil management, which in many cases has been responsible for important losses in soil fertility (George et al 
2002; O'Connor et al 2005; Stewart et al 2005). Thus, there is need for new methodologies to contribute to a 
better understanding of the biochemical reactions related to the fertility of soil. Calorimetry appears to be an 
important option for determination of both biomass and activity. The latest results show that this method can 
provide qualitative (Critter et al 2002a; Critter et al 2002b; Barros et al 2003) and quantitative (Prado & 
Airoldi 2002; Barros  & Feijóo 2003) indicators of soil microbial activity that could be used as early warning 
signals of soil deterioration. Calorimeters are sensitive enough to detect very low heat rates. They can 
continuously monitor soil microbial activity in terms of dissipated heat, which is a direct product of the 
degradation of the soil organic matter. Preparation of the samples is clean and easy, avoiding the use of 
reagents that may affect the results and that may be pollutants. Barros and Feijóo (2006) took a further step 
towards quantitative application of calorimetric methods for the evaluation of the environmental impact of 
NH4FePO4.H2O (AIP) on soil microbial reactions. This work shows a model and analyzes the power–time 
curves recorded from soil samples under the effect of different amounts of AIP. For phosphorous and iron 
contents were determined with an ICP-MS and quantify the percentage of soil organic matter by DSC. Using 
combination technique they get effective result due to the application of AIP on soil microbial metabolism. It 
is believed that this information can be very useful for the agriculture industry and its newly assumed 
obligations with respect to the Kyoto protocol. 
 
2.2.4. Isothermal Titration Microcalorimetry and Atomic Absorption Spectrometry 

A great variety of crystalline inorganic layered compounds have been employed as host nanomaterials 
due to favorable organic substance insertions into the interlayer nanospaces, with the purpose to synthesize 
inorganic–organic supramolecular systems, which enable applications in many fields, such as chemical 
surface modifications with functionalized agents, catalysis, toxic substance removal from the environment or 
compound preparations based on guest polymer intercalation into the layered nanostructures (Çapková & 
Schenk 2003). The intercalation reaction takes place due to acid–base interaction (Nunes & Airoldi 2000), 
whose progress of reaction can be easily followed through X-ray diffraction patterns. The chemical 
interaction of these invited species with the matrix can provide an explanation related to the intercalation 
chemistry as well as the interlayer organization of the guest species and the host–guest interactions 
(Eypert-Blaison et al 2001; Nunes & Airoldi 2000; Fudala et al 2000). The calorimetric technique has been 
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used as a direct method for measuring the enthalpy of the host–guest interactions in many systems (Lima & 
Airoldi 2003). However, the complete thermo chemical data for systems comprising the intercalation of polar 
organic molecules into the cavities of lamellar compounds are, nevertheless, very limited in the literature. 
Thermodynamic data involved with the host/guest interaction of a chosen molecule or with a series of guest 
molecules and the inorganic polymeric lamellar matrix can give information of the acid–base reactions. From 
the experimental view point, calorimetric techniques can be successfully applied to such kinds of 
heterogeneous systems and the effectiveness of the interactive effect that is established at the solid–liquid 
interface can be determined (Macedo & Airoldi 2006; Ruiz  & Airoldi  2004; Lazarin & Airoldi 2006; ; 
Lazarin & Airoldi 2005). Lazarin and Airoldi (2007) studied hydrated layered crystalline barium 
phenylarsonate, Ba(HO3AsC6H5)2·2H2O as host for intercalation of n-alkylmonoamine molecules 
CH3(CH2)n-NH2 (n = 1–4) in aqueous solution. These new intercalated compounds were characterized 
through physical and thermal methods and some correlations of these data correlate with the energetic of 
intercalation were observed. Using combination technique and they try to give a new dimension such kind 
research work. They are getting positive result in respect of that kind of research work. As a result hydrated 
lamellar crystalline barium phenylarsonate can be used as host support for organic polar molecules. The data 
obtained from calorimetric determinations are consistent with processes involving n-alkylmonoamines and 
the phenylarsonate nanocompound at the solid–liquid interface, with thermodynamically favorable values 
from the viewpoint of negative Gibbs free energy, exothermic enthalpy values and also positive entropic 
results. The correlations between interlayer distances of guest/host enthalpy and interactions with the carbon 
atom numbers of the aliphatic amine chain can be useful to infer properties for intercalation of undetermined 
n-alkylmonoamines.  
 
2.3. Heat Conduction Microcalorimeter Technique 
2.3.1. Single Twin Isothermal Microcalorimeter 

In recent years, growing concern has been expressed about chemicals such as heavy metals and organic 
compounds due to their possible effects on the environment and threats to human health (McGulnness & 
Georges1991). Acute toxicity tests are the first steps in determining accurate toxicological information. An 
acute toxicity study can establish the relationship between the dose of a toxicant and the effect it has on the 
tested organism. In respect to this information, Liu and others (2000) has provided substantial data and 
obtained positive results in the field of environmental ecotoxicology. Microcalorimetry is a quantitative, 
inexpensive, and versatile method for toxicology research. Miles and Beezer (1986) demonstrated that 
microcalorimetric studies of bacterial growth reveal temporal details not observable by other techniques. 
Microcalorimetry can also be used to study the metabolism of mitochondria and the effects of toxicants on 
mitochondrial metabolism (Liu et al 1996; Tan et al 1996; Xie et al 1993; Wang et al 1991; Liu 1997). Thus, 
microcalorimetry could be helpful in safeguarding our environment by improving the performance and the 
operational safety of wastewater treatment plants. 

Study of mitochondria is not only of theoretical significance, but also of applied value. Many aspects of 
the relations between mitochondria and the hardiness of plants, cytoplasmic male sterility of plants, disease 
and aging have been studied in recent years (Wallace 1992). Moreover, few microcalorimetric studies on the 
energy release of mitochondria isolated from plants have been previously reported. Zhou and others (2001) 
studied the energy release of rice mitochondria using a LKB 2277 Bioactivity Monitor under different 
conditions. After obtaining data on thermodynamic and kinetic behavior of rice mitochondria the results 
indicated that the lower the temperature the slower the energy release of the rice mitochondria. One can use 
this method and these results to characterize the ability of rice and other plants to release mitochondrial 
energy under different conditions. 

Isothermal microcalorimetry (IMC) is a rapid technique for measuring changes in the susceptibility of a 
material to physicochemical change and the aggregate rate of such changes. Changes in heat content 
accompany all chemical and physical changes, including material degradation (Angberg & Nystromn 1988; 
Buckton & Beezer 1991;Koenigbauer et al 1992). IMC was utilized to measure the exothermic heat flow 
from specimens of ultra-high-molecular-weight polyethylene. Charlebois et al. (2003) used Willson’s method 
for interpreting IMC data. It was based on continuous measurement of heat flow at the temperature of interest 
for an extended period of time. The method involves obtaining an empirical equation as follows 

Percent reaction = Hp/Ht × 100%                                     (1) 
The equation is then integrated from time 0 to ∞ to obtain the total theoretical heat content (Ht) for the test 
specimen-medium. The applied equation is then re-integrated from 0 to some specified time to give the heat 
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produced (Hp) over that time (Willson et al 1995). They demonstrate in this paper the usefulness of IMC as a 
viable method for studying the stability of polymeric implant materials. 
 
2.3.2. Double Twin Microcalorimetric Technique 

Double twin isothermal microcalorimeter provides a new dimension for the environmental research field. 
It is a heat conduction microcalorimeter (Wadsö & Markova 2000). In this instrument two twin 
microcalorimeters are placed adjacent, one on top of the other. The size of the instrument is the same as that 
of a commercial single twin microcalorimeter and each of the twin parts has similar properties to one normal 
twin microcalorimeter. There have however, also been reported more advanced measurements where a 
second calorimeter has been used to assess a secondary parameter characterizing the same process. One 
example is the number of sorption calorimeters where water vaporized in one calorimeter and absorbed by a 
sample in another calorimeter (Calvet 1953; Duisterwinkel & Bokhoven 1995; Wadsö & Wadsö 1996; Wadsö 
& Wadsö 1997).  The two important key functions that will be beneficial for the use of this type of 
microcalorimeter: (1) it is very sensitive with small changes in temperature; (2) with comparison to reference 
sample side it is consume the time to get steady state for analyzing the sample (fig 3). The advantage with a 
double calorimeter is that one may easily perform two related calorimetric experiments at the same time and 
in close proximity. 
 
2.3.3. Multi-channel Isothermal Microcalorimetric Technique 

Techniques of isothermal micorcalorimetry have been greatly improved during the past two decades 
(Wadsö 2002). In addition to their use in fundamental research, applications of practical importance have 
been established in other areas. However, no significant use of isothermal microcalorimetry has yet been seen 
in practical applications of biology, despite many methodological studies reported from that discipline. 
Significant progress has recently, however, been made in the design of multi-channel isothermal 
microcalorimeters and in techniques where specific analytical methods have been combined with isothermal 
microcalorimetery. 

A microcalorimeter that measures total heat output (µW) was used to determine the total metabolic rate 
(aerobic and anaerobic) and the cost of feeding (specific dynamic action, SDA) in larval Atlantic cod (Gadus 
morhua) (McCollum et al 2006). This study provides new information on individual measurements of total 
heat output in larval Atlantic cod. Previously there had been many studies undertaken by measuring oxygen 
uptake by respirometry (Fyhn & Seristag 1987; Finn et al 1995a; Finn et al 1995b, Finn et al 2002; Herbing & 
Boutilier 1996; Herbing et al 2001). This study shows that the metabolic cost of feeding increased with 
development and remained elevated suggesting that cod larvae allocate a large part of their energy budget to 
growth in order to meet the demands of their fast growth rates. 

Using multichannel microcalorimetry Wang fei, et.al (2008) recent work to evaluate the toxic effect of 
Heavy metal ion Iron (iii) on different biological model. It is an ideal work for concentrate the environmental 
toxicological issue. They are main object to focus on the microbial ecology of bacteria and fungi in 
ecological niches. The presences of high metal concentrations have significant adverse effects on whole soil 
microbial biomass and activity (Preston et al 2000) and soil hydrolase activities (Renella et al 2004, Renella 
et al 2005). The major scientific and medical interest in iron is based on the essential bio-element, but 
toxicological considerations are also important in terms of accidental acute exposures by sensitive and 
accurate methods to assess the microbial activities in vitro. So that using multichannel microcaloriemtry to 
get power-time curves from thermal effect of different microbial activity. The results also will be useful to 
understand the tolerance of prokaryotes and eukaryotes to iron overload. 
 
2.3.4. Multi-channel “Chip Calorimeters” 

Chip calorimeters are heat power sensors which are developed in MEMS technology 
(micro-electromechanical systems), i.e. all essentially components of a calorimeter such as well defined heat 
conductance and heat sink, temperature sensors, sensors for the detection of temperature differences, heating 
resistors and sample containers are integrated on one single chip. A detailed overview of common 
technologies of chip fabrication for calorimetric devices is given in (Herwaarden 2005). Typically it is made 
from silicon, silicon nitride, silicon oxide and polymer foils. The design is based on a silicon chip which is 
etched in the central part in order to obtain a thin membrane (Fig.4). 

Microcalorimetric methodology is used widely in the pharmaceutical field for quality production. It is a 
perfect instrument for pharmaceutical chemical analysis. We would like to interpret the recent advances in 
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the study of solid state pharmaceutical materials and the importance of microcalorimeter application. The 
practical example selected is that of formulated products containing benzoyl peroxide – a treatment for acne 
and athlete’s foot (Beezer et al 2004). A newly developed procedure for data analysis is outlined and 
preliminary results from chemo metric-based analysis of complex solid state reaction schemes are presented. 
Those solid state reactions are not described by integral reaction orders but through non-integral fitting 
parameters (Ng 1975, Urbanovici  & Segal 1999) that indicates a mechanism for the solid state reaction 
process is another rather significant limitation. The purpose of this study is to outline new approaches that 
may ameliorate some of these limitations. Microcalorimetric determinations of stability offers significant 
time saving relative to traditional high temperature storage studies as these take months to years to complete 
(Aulton 1988). In contrast, microcalorimetric studies may require, only some 50 hours to yield the 
appropriate rate constant data (Willson et al 1995, Beezer et al 2001). The overall conclusions of the study 
were that experimentation was 24 hours faster and this was sufficient to identify solid-state reaction rate 
coefficient and other relative factors (Zaman et al 2001a, Zaman et al 2001b). Finally, the microcalorimetric 
requirements for such stability studies are contrasted with the newly emerging multi-channel “chip 
calorimeters” that operate in the nanorange with high throughput potential. 

Recently Johannes Lerchner analyzes the chip microcalorimeter potentiality for biochemical and cell 
biological investigation (2008).Essential progress in the development and application of chip calorimeters 
was made due to the growing technological potential evolved during the last decade. It is evident that the 
invention of chip calorimeters led to a considerable extension of the application field of calorimetry. Thus, it 
is hardly possible to determine heats of fusion of nano-scaled single crystals without using chip calorimeters 
(Kwan et al 2001). For the measurement of heats of reaction in nanoliter droplets chip calorimeters are 
favourable too (Torres et al 2004). Furthermore, chip calorimetry is the method of choice for investigations of 
absorption phenomena in thin films (Lerchner et al 2004). The membrane serves as sample carrier and 
contains temperature sensors and heater elements. The thickness of the membrane depends on the kind of 
application and ranges from several nanometers for high-speed temperature scanning experiments to a few 
micrometers for isothermal operations. The main advantages of chip calorimeters are their low costs, the 
ability of multiplex operations, the short sample transfer time and the simple construction. The latter enables 
the application as control device in bioreactors. Limitations arise from the restricted volume-specific heat 
power resolution. 
 
2.4. Polarized Microcalorimeter Energy Dispersive X-Ray Spectrometric Technique 

The use of microcalorimeter increases day by day according to its versatile analytical properties 
(Redfern et al 2002). Here we introduce a new type of microcalorimeter which is used commercially for trace 
metal element. The requirement for improvement in x-ray detector technology has been a major necessity for 
the semiconductor industry is their long term goal to address the analytical requirements of particles down to 
35 nm as discussed in the 1997 National Technology Roadmap for semiconductors (NTRS 1997). To achieve 
these analytical requirements, the National Institute of Standards and Technology developed a transition edge 
sensor (TES) Microcalorimeter (Wollman et al 1996). To introduce this exiting technology to industrial 
applications, EDAX INC and CSP (Cryogenic Spectrometers) GmbH established a partnership to develop a 
commercially available microcalorimeter and installed the first beta unit at Infineon Munich. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1  Principle of measuring the heat by Microcalorimeter. 
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Fig.2  One unit of TAM III multi-channel isothermal micro calorimeter ; (a) Ampoule  

Lifter; (b) Equilibration Tube; (c) Heat Sink; (d) Ampoule lifter; (e) Sample  
measuring cup;(f) Reference measuring cup; (g) Thermoelectric modules; (h) Cylinder. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3  Cross sections of the double twin microcalorimeter; (a) Ampoule lifter ; (b) Tubes   

through which the calorimeters are charged; (c) Steel can; (d) Top reference  
ampoule  position; (e) Top measuring ampoule position; (f) Heat flow breaker. (g)  

   Bottom reference ampoule position; (h) Bottom measuring ampoule position. 
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Fig.4  Schema of a chip calorimeter device with a thermopile as temperature sensor; (a)  

Membrane; (b) Sample; (c) silicon frame; (d) Chip heater; (e) Thermopile. 
 
 
 
 

 
 
 
Table 1 Main application of microcalorimetric analysis and combined techniques to environmental sciences 
 

Application Techniques Reference 
Identified antimicrobial agents in 

respect of oral microorganism 
Flow microcalorimeter (Morgan & 

Bunch 2000) 
Enzyme kinetics Flow microcalorimeter and 

spectrophotometer 
(Debord et al 

2005) 
Study the biological macromolecules DSC and Isothermal titration 

microcalorimeter 
(Privalov  & 

Dragan 2007) 
Study the animal wastewaters soil 

characteristics 
Differential  calorimeter and electolytical  

respirometer 
(Dziejowski 

1995) 
Determine the  soil properties TG and DSC (Barros et al 

2006) 
Determination of process involving at 

solid/ liquid interface 
Isothermal micorcaloriemeter , AAS and 

X-ray diffraction pattern 
(Lazarin & 

Airoldi 2007) 
Determine the  metabolism of cells Heat conduction microcalorimeter (Liu et al 2000) 
Determine energy released from the 

mitochondria 
Heat-Flow microcalorimeter (Zhou et al 2001) 

Studying the stability of polymeric 
implant material 

Isothermal microcalorimeter (Charlebois et al 
2003) 

Physical, chemical, biological change 
can be measured 

Double twin isothermal microcalorimeter (Wadsö & 
Markova 2000) 

Working on living materials Multi-channel isothermal (Wadsö 2002) 
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microcalorimeter 
Study the metabolic cost of feeding in 
atlantics cod (larvae) and Evaluate the 

toxic effect of heavy metal ion on 
different biological model 

Multi-channel isothermal 
microcalorimeter 

(McCollum et al 
2006; Wang 

2008) 

Study the solid state reaction of 
pharmaceutical importance and 
Biochemical and cell biological 

investigation 

Multi-channel “chip calorimeter” (Beezer et al 
2004; Lerchner et 

al 2008) 

Determine metal ion Polaris microcalorimeter energy 
dispersive x-ray spectrometer 

(Redfern et al 
2002) 

 
 

3. CONCLUSION 
After overall discussion it is clear that microcalorimetric techniques are dramatically changed from 

inception to present. This overview cannot cover all applications of microcalorimetric techniques in 
environmental sciences, aim, however at showing the improvement of the current microcalorimetric analysis 
techniques regarding qualification, reproducibility and automation as well as the new emerging combined 
techniques. Table 1 summarizes the current applications of microcalorimetric techniques. Combination of the 
microcalorimetry methodology with other applications, such as high performance liquid chromatography, 
inductively coupled plasma mass spectrometry, and various spectroscopic analyses, would help better 
understand of the intrinsic mechanisms of various surface reactions, ligand-binding processes, microbial 
activity, and the interactions among soil constituents. In our opinion, the application of this equipment is 
insufficient for wastewater treatment. Therefore, it is essential to research application methods which can be 
combined with microcalorimetry for the safety of our environment. 
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