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ABSTRACT  
 

The percent organic carbon (%OC) is an important soil fertility measure that has 
important implications in agricultural productivity and food security. In this study, 
a uv-visible spectrophotometric technique was investigated and applied to 
quantify %OC from selected soil samples along a river basin that traverses 
agricultural farmlands, a forest and sewage treatment lagoons for a comparative 
survey purposes. The study was based on the measurement of absorbance of 
Cr(III) species that arise from oxidation of sucrose (which is 42.11% carbon) by 
dichromate ions which contain Cr(VI) species. The uv-visible spectrophotometric 
double beam wavelength scan measurements elucidated the conversion of Cr(VI) 
to Cr(III) ions and a calibration plot was developed with r2= 0.99. The analyte peak 
was identified in the region from 750 nm to 550 nm (the absorbing Cr(iii) species) 
with a turning point maximum at 576 nm. The kinetic profile of sucrose oxidation 
by the dichromate ions was studied via absorbance of Cr(III) and Cr(VI) as a 
function of the reaction time and was used to characterize the reaction model. 
The absorbance of Cr(III) as a function of reaction time fitted best into the non-
linear Belehradek power function equation y=a(x-b)c,, where y = absorbance; x = 
time(s); a, b, c = are constants (r2 of 0.91). Kinetic analysis revealed that the 
reaction that leads to the formation of Cr(III) during sucrose oxidation proceeds 
via pseudo first-order kinetics (r2= 0.83). A comparative quantitative analysis 
indicated that the sewage treatment lagoons had the highest %OC content at 
about 5.5-6.6 %OC. The soils sampled from the forest regions had about 4.6-5.8 % 
OC whereas the river bank soils had the lowest levels at about 2.0-2.5 %OC. A 
statistical t-test analysis showed that the %OC levels in sub-soils were 
significantly higher than those of the top-soils (p > 0.05 at 95% CI). 
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1. INTRODUCTION  
 
The ultraviolet-visible (UV-Vis) spectrophotometer has become one of the most widely used 
instrumental technique in many analytical and research laboratories. It has diverse applications such 
as in the monitoring of chemical or biochemical reactions and their kinetics, synthesis and 
characterization of organic and inorganic materials, quantitative analysis in pharmaceutical 
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chemistry.[1,2,3,4,5] The UV-Vis spectroscopic technique measures how much ultraviolet or visible 
light a certain molecule or chemical species absorbs in order to provide information that may be used 
to characterize its identity and/or its concentration. The technique is non-destructive, relatively simple 
in design, reliable and fairly low cost in terms of instrumentation for both coupled and direct 
methods.[6,7]  

Soil organic carbon (SOC), the major and vital component of soil organic matter (SOM), consists of 
micro-organisms cells, plant and animal residues at various stages of decomposition, stable ‘humus’ 
synthesized from residues and nearly inert and highly carbonized compounds, such as charcoal, 
graphite and coal [8]. The SOM is crucial for the stabilization of soil structure, retention and release of 
plant nutrients and maintenance of water-retention capacity. This makes soil organic carbon a key 
indicator of not only soil health and its agricultural productivity but also its effect on the ecological 
functioning of ecosystems in the terrestrial environment.[9,10,11,12]   

The percent organic carbon content (%OC) being an important parameter used in guiding decisions 
on choice of soil fertilizer application and irrigation in many plantations, its accurate determination has 
constantly and routinely been demanded from a many of soil-fertility testing laboratories. There has 
been some interest among chemists in the investigation and optimization of methods and techniques 
for the accurate quantification or estimation of %OC content in soils samples.[13,14,15] In this study, 
a modified UV-Vis spectrophotometric for the determination of %OC based on the conversion of 
Cr(VI) to Cr(III) by sucrose standards is investigated spectroscopically. The kinetics of the sucrose 
oxidation reaction is also presented including the effects of reaction time and temperature on it. 
Finally, a comparative analysis of the quantification of %OC levels is made based on measurements 
from the soil samples extracted from selected zones around river Njoro basin catchment area, 
Egerton, Nakuru, Kenya. 
 
2. MATERIAL AND METHODS  
 
2.1 Preparation of Standard Solutions and the Oxidizing Reagent 
A stock solution of 1000 ppm was prepared by measuring 0.5 g of sucrose into a 500 ml volumetric 
flask and topping to the mark using double distilled water. Aliquots of 0.5, 2.5, 4.0, 7.5, 10.0, 12.5, 
15.0, 17.5, 20.0, 22.5, 35.0, and 40.0 ml of the sucrose stock solution were each withdrawn using a 
pipette and released into individual 50 ml volumetric flasks. A 1N K2Cr2O7 solution was prepared by 
weighing exactly 7.35 g of K2Cr2O7 using an analytical balance and adding 50 ml of distilled water to it 
in a measuring cylinder. A solution of 1ml of 1N K2Cr2O7 and 2 ml of H2SO4 acid was prepared as the 
working oxidizing reagent that was added onto each of the standard solutions. 
 
2.2 Preparation of Soil Samples for UV-VIS Spectrophotometric Analysis 
The sampled soils were crushed and air-dried on aluminum foil for one week. The soil samples were 
sieved using a 2 mm sieve. The sieved samples were then put in a mortar and ground using a pestle 
to a fine texture after which 1 g of the various samples were measured and placed into separate 50 
ml volumetric flasks containing 1ml of 1N K2Cr2O7 oxidizing agent and 2 ml of 18M H2SO4 acid. The 
mixtures were allowed to stand for about 10 minutes and were then each topped to the mark using 

distilled water. The mixtures were then heated at 40 ℃ for about 10 minutes and then left to stand for 
four weeks. The absorbance values for each of the samples were then measured using the UV–
Visible spectrophotometer at 576 nm and recorded. The calibration plots developed for %OC 
determination were then used to determine the %OC levels for the soil samples.  
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3. RESULTS AND DISCUSSION 
 
3.1 Basis of the spectrophotometric experiment 

The reaction is based on the conversion of Cr(VI) to Cr(III) ions which happens during the oxidation of 
sucrose in acidified potassium dichromate solution. The absorption of Cr(III) species which are 
formed during the oxidation is sucrose reaction is measured using spectrophotometer. Its amount is 
proportional to the sucrose concentration (and hence used to estimate %OC content in the sample 
since sucrose is about 42.1% Carbon) based on the Beer-Lambert relation. The absorbance of Cr(III) 
as a function of time can also be used to investigate the kinetics of the chemical reaction. Figure 1 
shows the electronic absorption spectra derived from wavelength scan measurements of the oxidizing 
reagent (in black), sucrose solution (in red) and a spectrum of the product after a given time interval 
(in blue). The oxidizing reagent and the sucrose solution are the principal reactants and are indicated 
in the chart to serve as reference spectra. 

 
Figure 1: Electronic Absorption Spectrum of Oxidizing Reagent (reference blank), Sucrose Solution 

(reference blank) and Sucrose Solution (Treated with the Oxidizing Agent) 

The absorption band observed in the blue spectrum within the range from about 700 nm to 570 nm 
confirms the presence of Cr(III) ions as a product arising from sucrose oxidation by the dichromate 
solution. This is the analyte peak and the absorption band is absent in both the red and blue 
reference spectra. The Cr(III) ions are known to exhibit an absorption band in the visible region with a 
lambda maximum value of about 550 nm.[16] Its actual absorption band is partially masked by the 
absorption band of Cr(VI) that begins at about 570 nm within neighboring range. The spectrum 
obtained from sucrose solution (depicted in red) is UV-Vis inactive as it shows no absorption band 
between 1100 – 300 nm. In the absorption spectrum of the sucrose + oxidizing agent (depicted in 
blue) the bands in the range between about 550 – 300 nm that appear pointing downwards (and 
somehow symmetrical to those of the oxidizing reagent within the same range) are due to the 
subtracted absorption values related to the oxidizing agent (dichromate) as reference. This is 
because the measurements are conducted in a double beam manner in which the oxidizing agent is 
fixed the reference while the sucrose + oxidizing reagent solution is fixed as the main sample in the 
spectrophotometer. 
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3.2 Elucidation of the analyte peak resulting from Cr(III) absorption in the standard solutions 

Figure 2 shows wavelength scan measurements obtained from a series of the standard solutions as 
well as the reference spectra of the reactants. An analyte peaks appears between 550-700 nm with 
the turning point at 576 nm for all the sucrose solutions treated with the oxidizing reagent. The 
analyte peak is related to appearance of Cr(III) and is sensitive to the concentrations of sucrose 
standards. It can be observed that the analyte peak responds to concentration of the substrate. This 
is because greater peak area and heights are recorded for higher sucrose concentrations treated with 
the dichromate ions. Sucrose solution of 5 ppm in concentration treated with the oxidizing reagent 
however shows no appreciable absorbance for Cr(III) ions.  

 
Figure 2: Absorbance spectra of the analyte peak of the standards 

This provides clear illustration that the Cr(VI) in the dichromate Cr2O7
2- ions converts to give Cr(III) 

upon interacting with sucrose in acidified solution. The higher the concentration of sucrose substrate, 
the higher the Cr(III) analyte peak. The analyte peak is appearing asymmetrical due to the subtraction 
of absorbance values of the oxidizing reagent, which was used as the reference during double beam 
experiment. Analyte peak heights at 576 nm obeys the beer Lambert law within the concentration 
range of the standards used in the investigation as the absorbance is proportional to the 
concentration of the substrate. 
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Figure 3: (a) Absorbance vs. wavelength and (b) The first - order derivative graph 

Figure 3 shows overlay graph from spectroscopic data extracted from Figure 2 (labeled as (3a)) and 
the first order derivative graph of the same (labelled as 3b). The purpose of derivatization is to give 
more detailed characterization of the Cr(III) absorption band. It confirms that the analyte peak (related 
to Cr3+) begins to rise from about 750 nm towards 576 nm. It also has shoulder peak at about 690 nm 
(Fig. 3b), this extra piece of information further characterizes the absorption band of the Cr(III) 
species in the solution and is consistent with previous findings.[17]  

3.3 Dependence of the Cr(III) analyte peak on reaction time and substrate concentration 

Figure 4 highlights the absorption spectra obtained from a series of wavelength scan measurements 
aimed at characterizing the dependence of sucrose oxidation on the substrate concentration and 
reaction time. The four graphs in Figure 4 depict the behavioral trend of the analyte peak over time for 
selected substrate concentrations. The reactions were monitored from day one up to 5 days (or 120 
hrs.) for different concentrations. In Figure 4 (a), at 300 ppm sucrose solution treated with the 
oxidizing reagent, the analyte peak rises shows appreciable formation of Cr(III) from about 1hr 
(spectrum in brown). There is a large gap in peak height between the first hour and the 24th hour from 
the onset of the reaction.  
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Figure 4: Dependence of the Cr(III) analyte peak on reaction time and the sucrose substrate 

concentration 
 
A smaller gap in peak height is observed between the 24th and 48th hour. The hours which extend into 
days (Figures 4a, b and c) also display some gradual increase in Cr(III) absorption with marginal 
differences between 72 and 96 hours in all the three cases. This means that the reaction that leads to 
the formation of Cr(III) occurs mush faster within the first 48 hrs. and rate diminishes from about day 3 
(72 hours) onwards. 
 
In Figure 4(d), which depicts the 5 day (120 hrs.) experiment, relatively higher absorbance values are 
obtained for a set of 550, 700 and 800 ppm sucrose solutions treated with the oxidizing agent. Also 
the analyte peak is responsive to the concentration of sucrose substrate as the 800 ppm has greater 
peak height and area than that of 700 ppm, while the 500 ppm peak has the lowest value of the three. 
This trend as depicted by experiments in Figure 4 characterizes the oxidation of sucrose solution with 
potassium dichromate in the presence of an acid as a reaction that is fairly faster within the first 48hrs 
but can still accumulate its products over a couple of days later at slower rate.  
 
3.4 Stability of the dichromate oxidizing agent and effect of addition of 18M H2SO4 on its 
Absorption band  

Figure 5 shows the wavelength scan measurements for the acidified dichromate oxidizing solution 

when exposed to natural light at room temperatures taken over time to check on its stability. The 3-D 

wave plot profile for stability of the oxidizing agent over time shows no significant variation in the 
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absorption bands with maximum absorption at 450 nm. This means that the identity and composition 

of the acidified dichromate ions does not change when stored in even in transparent reagent bottles.   

 
Figure 5: Absorption spectra of the dichromate ion solution over time 

 
Figure 6 depicts the absorption bands of the dichromate oxidizing reagent in aqueous phase only (in 

blue) versus when 18M H2SO4 acid is added to it (in red). It can be observed that the addition of 18M 

H2SO4 acid has no significant change on the absorption band except that it creates band broadening. 

The extensive hydrogen bonding interactions resulting from the introduction of hydrogen ions and 

increased disorder or entropy due to effect of sulphate interference are possible contributing factors 

to the band broadening. Band broadening phenomenon has been observed in a number 

spectroscopic investigations and have been attributed to changes in nature of solvents, and 

increased hydrogen bonding interactions. 

 

Comment [R12]: Fig. 5. 



 

 

 
Figure 6: Broadening of the dichromate ion absorption band due to addition of 18M H2SO4 acid 

It can also be observed in Figure 6 that both spectra possess no absorption bands around 600 – 550 

nm, which is the typical region for the Cr(III) absorption band as elucidated earlier in Figures 1 and 2. 

This shows that addition of acid has no effect on the emergence of the Cr(III) analyte peak except 

when sucrose solution react with it leading to the conversion of the Cr(VI) ions to Cr(III) ions. 

 

3.5 Evaluation of the kinetic profile of sucrose oxidation  

Figure 7 is a graphical representation of the absorption of Cr(III) ions during the course of the sucrose 
oxidation reaction with dichromate ions monitored at wavelength of 576 nm within the first 10,000 
seconds at room temperature. A rise in the concentration of the Cr(III) (a product) is observed over 
time from the kinetic investigation. The absorbance versus time data best fits into a power function of 
the form y=a(x-b)c with R2 = 0.91. It can be observed that the absorbance of Cr(III) tends to stay 
constant over brief periods before the increments happen in a step-wise fashion to higher absorbance 
values.  
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Figure 7: Graph of absorbance of Cr(III) at 576 nm as a function of reaction time 

The step-wise pattern is observed throughout the experiment. The absorbance readings of Cr(III) 
tends to stay static over longer time periods as the reaction progresses to later stages as opposed to 
earlier stages. It can be assumed that the rate of appearance of Cr(III) species mimics the rate of 
formation of sucrose oxidation products in the course of the reaction. The pattern characterizes the 
reaction of a typical bulky substrate (such as sucrose in this case) that tends to favor unimolecular 
mechanism, where the rate determining step is the slowest one. 
 
3.5.1 Graphical fitted test for first- and second- order kinetics 

The kinetic experiments are based on the premise that the recorded absorbance values of Cr(III) 
species follow the rate of formation of the oxidation products of sucrose as the reaction proceeds. 
Information about the order of the reaction can be derived from graphical analysis using fitted tests as 
discussed herein. Zero order kinetics is ruled out from the fitted absorbance versus time graph in 
Figure 7, where the data fits best into an exponential curve rather than a linear fit. 
  
Figure 8(a) shows the fitted test for first order kinetics based on the absorbance values of the Cr(III) 
product which is formed during the oxidation of sucrose reaction in kinetic photometric experiment 
carried out for 10,500 seconds. The plot is based on the integrated law for first order kinetics where 
ln(Abs.) is plotted as function of time.  
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Figure 8(a): Fitted test for First - Order Kinetics 

 
A linear fit of the data gives an R. square value of 0.83 and Pearson’s correlation coefficient of +0.91. 
The equation of the regressed line of best fit is y = -5.645 + 0.000112(x). The standard errors in the 
intercept and slope as tabulated in the Figure 8a are 0.0225 and 3.799 x 10-6 respectively.  
 
Figure 8b shows the fitted test for second-order kinetics based on the absorbance values of the Cr(III) 
product which is formed during the oxidation of sucrose reaction in kinetic photometric experiment 
carried out for 10,500 seconds. The plot is based on the integrated law for second- order kinetics 
where the inverse values of absorbance is plotted as function of time. 
 

 
Figure 8(b): Fitted Test for Second - Order Kinetics 

 
A linear fit of the data into the second-order linear equation gives an R- square value of 0.63 and 
Pearson’s correlation coefficient of -0.79 under the conditions of investigation. The equation of the 
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regressed line of best fit is y = -0.021 + 0.282(x). The standard errors in the intercept and slope as 
tabulated in Figure 8b are 0.001 and 7.356 respectively. 
 
The R- square value for the fitted test for first-order kinetics is higher (0.91) than that of the fitted test 
for second-order kinetics (0.63). It can also be noted that the standard errors in the slope and 
intercept in the fitted test for second-order kinetics are of greater magnitudes than in the fitted test for 
first order kinetics. This means that the absorbance values recorded for Cr(III) versus time data fits 
better in first-order kinetics as opposed to second-order kinetics. Considering that water is abundant 
in the system and the concentration of the oxidizing Cr(VI) is in excess, it can be concluded that the 
oxidation of sucrose under such experimental conditions proceeds via pseudo-first order kinetics.[18]  
 
3.5.2 Reaction modelling based on Cr(VI) and Cr(III) species and effect of temperature  

 

Figure 9(a) shows a graph that models the kinetic profile of the conversion of Cr(VI) to Cr(III) ions 
during sucrose oxidation. The absorption of Cr(VI) (a reactant) was measured at 450 nm, while that of 
Cr(III) (a product) was measured at 550 nm. The kinetic experiments conducted separately under 
similar conditions in photometric mode are represented in Figure 9a, in which the reaction vessel was 
initially heated to 40 oC for each case. The spectrum in red shows how the concentration of Cr(VI) 
ions are decreasing while that of Cr(III) in blue is increasing over the first 2000 seconds. The graph 
model the conversion of Cr(VI) to Cr(III) during sucrose oxidation by the oxidizing dichromate ions. 
Under the experimental conditions, it can be noted that the rate of change in the product formation 
seems to occur much faster initially within the first 500 s as opposed to the later stages of the 
reaction. This characterizes the effect of heat which is initially applied to the reaction meaning that the 
reaction is temperature dependent.   
  

 
Figure 9(a): Kinetic profile that represents the conversion of Cr(VI) reactant to Cr(III) product under 

heated conditions 

Figure 9(b) shows the kinetic profile of the Cr(VI) reactant and Cr(III) product absorbance data 
recorded during sucrose oxidation at room temperature conditions (or unheated) for the first 2000 s. It 
can be observed from the Figure 9(b) that absorbance values of Cr(III) tends to stay constant or static 
over longer periods in the unheated reaction case when compared to the case in which the reaction is 
initially warmed/heated to 40 oC (Figure 9a).  
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In Figure 9(b), (the unheated case) it can also be noted that the rate of decrease in concentration of 
the reactant Cr(VI) seems to occur faster than the rate of increase in concentration of the Cr(III) 
product within the first 500 s. This possibly indicates the formation of other oxidation states of Cr 
other than the measured Cr(III) species. 
 

 

Figure 9(b): Kinetic profile of the Cr(VI) reactant and Cr(III) product absorbance data recorded during 
sucrose oxidation under room temperature conditions for the first 2000 s 

The observed periodic rise and fall in absorbance values as depicted in the Cr(III) curve (Figure 9b) 
and Cr(VI) curve (Figure 9a) are most likely an indication of side reactions that play role in 
sequestering the metal ions in solution hence partially blocking it from its interaction with the light path 
for the absorbance measurements. Such interfering reactions may possibly involve metal chelation 
mechanisms when the sucrose molecules in solution behave as the metal chelating agents.   
 
4.0 Determination of the %OC in Soil Samples and a Comparative Analysis 
4.1 Calibration plot for the determination of the %OC  

Figure 10 below shows the graph of calibration plot derived from absorbance measurement of the 
standards solutions of sucrose. The absorbance measurements were obtained from photometric 
measurements at 576 nm, where the double beam experiment depicts greatest response to analyte 
concentration as discussed in the earlier in Figure 2. The plot of absorbance versus concentration of 
the sucrose standards shows linear dependence with and R square value of 0.99 and therefore obeys 
the Beer-Lambert equation. 
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Figure 10: Calibration plot for carbon content estimation based on Cr(III) absorbance values 

A scrutiny of the curve shows that the absorbance values increase by similar factor as the increments 
in concentrations of sucrose standards. For example, when the concentration of sucrose doubles 
from 100 ppm to 200 ppm, the measured absorbance value of Cr(III) product increases by a factor of 
two. Similarly, when the concentration triples from 100 ppm to 300 ppm, the absorbance value also 
triples. This behavior mimics the classical characteristic of first-order kinetics. Because the oxidizing 
reagent is present in excess and the concentration water in unity, the analysis lends credence to 
earlier conclusion that the reaction proceeds via pseudo-first order kinetics. 
 
Figure 11 shows the standard conversion chart for the determination of %OC based on the calibration 
plot developed from the sucrose standards depicted in the earlier Figure 10. The standard conversion 
chart is based on the fact that sucrose is 42% carbon in terms of elemental composition, such that a 
100 ppm sucrose solution represents approximately 0.4211 % OC. A sucrose solution of 200 ppm 
would represent 0.84 %OC and so and so forth.  
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Figure 11: Conversion chart for the estimation of %OC in soil samples 

It is the absorbance measurement values from the soil samples that provide the estimated sucrose 
concentrations (Figure 10), which are then converted to %OC levels. The equation for the standard 
conversion curve is %OC = 0.0042 (Sucrose conc. in ppm) - 0.1111. As indicated in the chart, %OC 
values greater than 0.6 are generally considered very high while %OC values of less than 0.2 are 
considered very low.[19] Very high levels of %OC generally predict high levels of soil organic matter 
(SOM) in the particular environment from which the sampling is done. 
 
4.2 Comparative analysis of the %OC values of the selected zones  
 
The estimation of %OC is based on equation 1 from the spectrophotometric measurements derived 
from Figures 10 and 11. The equation permits a fast computation of the %OC from the absorbance 
values measured by photometric means at a fixed wavelength of 576 nm from the prepared soil 
samples. 
 
 

           
                        

             
             Eqn. ------- 1 
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Figure 12: %OC levels of River bank next to food canning factory and Nessuiet Forest 

Figure 12 shows a histogram chart that compares the percent OC obtained from upper, mid-, and 
lower lagoons in the sewage treatment plant near the banks of River Njoro downstream. The 
computed % OC levels from the three sampling sites depict generally high %OC since all the 
resulting computed average values are higher than 0.6%. The %OC recorded from the soil samples 
of the sewage treatments plant lagoons was found to be significantly higher than those obtained from 
the other sampling sites.  
 

 
 
Figure13: Histogram chart comparing the percent OC obtained from upper, mid-, and lower sewage 

treatment plant lagoons near the banks of River Njoro 
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The main factor that could explain this result is the existence of the sewage drainage infrastructure 
continually introducing the disposed organic refuse into the lagoons, which in the long term, leads to 
the accumulation of extra organic matter in the soils. The disposed matter includes materials ranging 
from food-stuff residues, fecal discharge, and even the used waters containing soaps and detergents. 
 
The main factor that could explain this result is the existence of the sewage drainage infrastructure 
continually introducing the disposed organic refuse into the lagoons, which in the long term, leads to 
the accumulation of extra organic matter in the soils. The disposed matter includes materials ranging 
from food-stuff residues, fecal discharge, and even the used waters containing soaps and detergents. 
 
4. CONCLUSION 
The kinetic and spectroscopic investigations of a UV-Visible spectrophotometric technique based on 
the conversion of Cr(VI) to Cr(III) ions resulting from the oxidation of sucrose by the dichromate ions 
(Cr2O7

2-) in an acidic medium was conducted successfully to characterize the reactions. The 
spectroscopic experiments elucidated the analyte peak in the region from 750 nm to 550 nm 
(indicating the presence of the absorbing Cr(III) species). The UV-Visible spectrophotometric double 
beam wavelength scan measurements characterized the conversion of Cr(VI) to Cr(III) ions during 
the sucrose oxidation process. The measured absorbance of the Cr(III) species (producing the 
analyte peak that forms during the oxidation process) was found to be related to the initial substrate 
(sucrose) concentration and therefore obeyed the Beer-Lambert equation. The calibration plot 
equation developed was used to quantify the %OC levels from selected soil samples.  
  
The graphical fitted tests of the kinetic profile of sucrose oxidation based on the integrated rate law 
models using the photometric measurements revealed that the rate of formation of sucrose oxidation 
product(s) under the conditions of the investigation proceeds via pseudo-first-order kinetics (R2 = 
0.91). The rate constant for the reaction was determined to be 3.799 x 10-6 s-1. Further, photometric 
kinetic measurements were successfully used to depict the reaction model for the sucrose oxidation 
reaction based on the conversion of Cr(VI) (as reactant) to Cr(III) (as product). The effect of heat on 
the sucrose oxidation reaction was also modeled to determine temperature dependence, which 
showed that initial heating of the reaction enhances the rate of the reaction substantially. 
 
The photometric analysis showed that all the regions investigated had very high %OC levels. The 
%OC levels were highest in the sewage treatment lagoons. The levels of %OC in the forest (river 
bank upstream) were found to be significantly higher than those obtained from the R. Njoro bank 
(downstream) next to Njoro Canning Factory.  A paired 2- tailed independent t-test analysis showed 
that there is no significant difference in %OC values between the top-soil and sub-soil samples 
(pvalue˂0.05 at 95% CI).  
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