
 
Author(s) agree that this article remains permanently open access under the terms of the 

Creative Commons Attribution License 4.0 International License 

 

 

 

 

Research Paper 

COMPARISONS OF THREE METHODS FOR ORGANIC CARBON 
ESTIMATION IN Avicennia marina (FORSSK.) VIERH., MUDFLATS AND 
HYPERSALINE ECOSYSTEMS SEDIMENT ON GULF OF AQABA, EGYPT  

Sayed A. El-Hussieny 

Egyptian Environmental Affairs Agency,  
Sinai Parks, 46619  Sharm El Sheikh,  

Egypt. 

Abstract 

Increasing of the global interest in the carbon cycle on coastal 
ecosystems, an urgent need to quantify soil organic carbon (SOC). Thence 
present study tried to compare three common techniques used in 
quantification of SOC, relatively high-temperature Loss-on-ignition (LOI) 
(550 oC), relatively Low-temperature LOI (375 oC) and wet digestion with 
chromic acid in Walkley-Black method. Three different coastal 
ecosystems were investigated comparatively for SOC content, Avicennia 
marina, mudflats and a hypersaline ecosystem of Salt Lake in two 
protected areas Nabq and Ras Mohammed using the three estimation 
techniques. Several reported precautions concerning overestimate of SOC 
using the high-temperature LOI method due to loss of inorganic fraction 
in form of carbonates due to high ignition temperature in addition to the 
possible underestimate of Walkley-Black method due to incomplete 
digestion of SOC, thus low-temperature LOI method was considered as a 
standard most applicable approach. Correlation models were developed 
between the standard method and the both other applied techniques to 
enable further tuning of previously estimated ecosystems under similar 
conditions. Low-temperature LOI approach could be considered as an 
accurate, simple, fast, cost efficient and environmentally friendly method 
for estimate of SOC. 
Key words: Sediment Organic Carbon, Loss-On-Ignition, Coastal 
Ecosystems, Mangrove Sediment Carbon, Coastal Mudflats, Hypersaline 
Ecosystems. 

INTRODUCTION 
Soil organic carbon estimation is of high importance as it provides a key role in the 
global carbon cycle linked with one of the most challenging issues, which is climate 
change [1]. Since the signing of Kyoto Protocol to mitigate elevated levels of greenhouse 
gas in the atmosphere through different solutions including lowering emissions and 
improving the terrestrial carbon sinks [2]. Evaluation of soil organic carbon of different 
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terrestrial ecosystems (forest, agronomic, desert) showed a prominent role in the global 
carbon cycle and process of carbon accumulation in soils [3]. Coastal and marine 
ecosystems play a highly valuable role in sequestering atmospheric CO2 in soils and 
sediments when compared to terrestrial ecosystems [4]. Coastal saltmarshes, seagrass, 
coral reefs and mangrove are highly significant ecosystems in carbon sequestration [5], 
[6], [7], [8]. 

Soil organic carbon is commonly measured by dry combustion with automated 
analyzers or a wet chemical oxidation method with chromic acid [9]. The automated 
technique is simple and accurate, but the cost is high and may not be feasible [10]. Apart 
from previously mentioned methods, loss-on-ignition (LOI) provides an alternative 
approach involve heating soil samples at a high temperature to combust soil organic 
matter (SOM) or carbonate and measuring weight losses with a further possible 
estimate of organic carbon fraction [11], [12]. Different estimation methods have pros 
and cons starting from Walkley-Black method, which is the most commonly adopted 
method in laboratories with its minimal requirements and low cost, but four different 
challenges of the method. First is the incomplete oxidation of organic matter may be of 
an average equals 76% of the actual total organic matter [9]. The second absence of site-
specific correction factor with possible dealing with different types of soil with different 
levels of organic matter, a general correction factor of 1.33 is applied to the results to 
convert the results the organic matter content to total organic carbon content [13]. 
Third is concerning the possible carbonates interfering, presence of inorganic 
carbonates (> 50%) in the soil or sediment sample especially in marine sediments as in 
current study may result overestimate of TOC what require pretreatment with 1N (HCl) 
knowing that possible loss of organic matter due to its decomposition by the HCI 
(Nelson and Sommers, 1996), so HCl pre-treatment not used. Fourth, Walkley-Black 
method utilizes toxic (Cr6+) ions, which are potentially hazardous for human beings and 
generate toxic waste that needs safe disposal [14]. Loss-on-ignition (LOI) method 
mostly results overestimate because of losing a fraction of inorganic carbon during high 
ignition temperature [15], [16] which is possible results overestimate of the actual 
organic carbon content in the sample.  

Present study tried to highlight accurate, fast, simple, low-cost and 
environmentally friendly method enable resources managers and conservation 
biologists to estimate carbon content in sediments of mangrove (Avicennia marina) and 
other coastal or marine ecosystems then further driving correlations between the most 
applicable standard method and the commonly used methods to enable correction of 
previously estimated habitats and ecosystems using either wet digestion Walkley-Black 
or LOI methods. 
 
MATERIALS AND METHODS  
Study area 
Study sites are located in the southern of Gulf of Aqaba at about 40 km to the north of 
Sharm El Sheikh, mangrove stands in this region occur in Nabq protected area as mono-
specific stands of the grey mangrove Avicennia marina distributed along the coastal 
fringe extends about 13 Km situated on the seaward ends of Wadi El-Kid and Wadi Um 
A'dawy shared alluvial fan (figure 1), where numerous watersheds derived from some 
main drainage basins running through the western higher lands to supply the coastal 
mangroves with either surface runoffs or underground fresh water supply on seasonal 
basis [17]. 
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Figure 1. Location of the study area on Gulf of Aqaba showing main drainage 

basins with the approximate distribution of studied habitats. Source, modified 
after [18]. 

 
Sampling 
A total of thirty core samples were collected from different locations in the mangrove 
forest in Nabq protected area using piston core sampler to obtain undisturbed and 
uncompressed sediment samples to a depth of 60 cm with an internal diameter of 51 
mm. Core insertion in sediments continued to the maximum depth of 60 cm at low tide, 
two samples separated at each section, which conducted at 10 cm intervals. Samples of 
0-10, 10-20 cm, so on to the maximum reached depth presented as depths 10, 20 cm in 
the results. Sub-cores of 5 cm3 collected at each depth interval from the center of the 
section away from plant rootlets and stones and kept for the estimate of dry bulk 
density (DBD) and further analysis. All samples placed in sterilized sealed plastic bags 
with the site code and corresponding depth recorded and kept in the icebox at a 
temperature below 5Co to reduce microbial degradation. 
Sample analysis 
Samples were placed directly in the oven for drying at only 55 Co for 72 hrs in a fan-
circulating oven to avoid any loss of organic carbon during drying [19]. Oven-dried soil 
samples were cooled down to room temperature in a desiccator and weighed to 
determine the DBD (g.cm-3). Dry samples were then cleared from fine plant remains and 
homogenized by grinding mortar and pestle then sieved to pass 2 mm particle size 
followed by re-drying at 55 Co for 24 hrs then cooled in the desiccator and finally 
preserved in sterilized tagged sealed plastic bags for further analysis. Three replicates 
were prepared for organic carbon estimation. First aliquots for wet digestion using 
Walkley and Black method were ground in a mortar and sieved to pass 1mm. Second 
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aliquot of dried soil samples were used to estimate the soil organic carbon content 
(SOC) using two different loss on ignition methods (LOI), first pre-weighted dry samples 
were ashed in a pre-ashed crucibles in furnace at 375°C for 17 hours [10], second was 
pre-weighted dry samples were ashed in a pre-ashed crucibles in Carbolite Furnace 
(EUROTHERM 91e controller) at 550°C for two hours [20]. 
Data analysis 
Mean, standard error of mean and developed correlation models between SOC 
measuring techniques in addition to illustrating graphs were carried out using SPSS 
BASE 19.0 (SPSS Inc., Chicago, IL). 
 
RESULTS 
Differences between used techniques 
A total of 30 core samples giving 126 soil samples from three tested habitats, mangrove, 
mudflats and hypersaline ecosystem of Salt Lake in Ras Mohammed protected area 
were analyzed for SOC (gC.kg-1). Mean results of the three tested habitats showed 
remarkable differences between the three used techniques, considering that low-
temperature (375 oC/ 17 hrs) loss on ignition was the standard and most applicable 
method [10], both high-temperature loss on ignition (500 oC/ 2hrs)  and wet digestion 
methods showed 15.6% overestimate and 53% underestimate in SOC respectively, of 
the standard method (figure 2). 
 

 
Figure 2. Comparing of the mean value of SOC (g C.kg-1) using the three different 

techniques with overestimate and underestimate percentages from the standard 
method, bars represent standard error of the mean, n = 126. 

 
Differences in mean SOC for the three used techniques are presented in (figure 3), in 
both mangrove and hypersaline habitats there were overestimate in high-temperature 
LOI and underestimate in wet digestion from the standard method but, in mudflats both 
techniques showed overestimation comparing with standard low-temperature LOI 
method.  
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Figure 3. Comparing of mean value of SOC (g C.kg-1) using the three different 

techniques in all studied habitats, Walkley and Black method showed exceptional 
overestimation with mudflats habitat, bars represent standard error of mean. 

 
Correlation model of standard low-temperature LOI and high-temperature LOI 
methods 
Testing correlation between SOC estimate using low-temperature LOI standard method 
and high-temperature LOI method showed a significant positive correlation between 
tested parameter. The best fitting model was the quadratic model where, p-value < 
0.001 and R2 = 0.982, so the relation between SOC using the standard method of low-
temperature LOI (SOCS) and SOC using high-temperature LOI (SOC H. Temp.) can be 
presented according to the following equation (figure 4). 
 SOCS = - 0.57 + [(0.71) (SOC Hi Temp.)] + [(0.001) (SOC Hi Temp.)2] 
 



Journal of Global Biosciences               Vol. 6(7), 2017 pp. 5158-5167 

ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    5163 

 
Figure 4. Quadratic correlation between SOCS and SOC H. Temp. (g C.kg-1), p-value < 

0.001 and R2 = 0.982. 
 

Correlation model of standard low-temperature LOI and wet digestion (Walkley 
and Black) methods 
Testing correlation between SOC estimate using low-temperature LOI standard method 
and wet digestion (Walkley and Black) method showed also a significant positive 
correlation between tested parameters. Best fitting model was the quadratic model 
where, p-value < 0.001 and R2 = 0.916, so the relation between SOC using the standard 
method of low-temperature LOI (SOCS) and SOC using wet digestion of Walkley and 
Black (SOC WB.) can be presented according to the following equation and as shown in 
(figure 5). 

SOCS = 3.725 + [(0.963) (SOC WB)] + [(0.026) (SOC WB)2] 
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Figure 5. Quadratic correlation between SOCS and SOCH. Temp. (g C kg-1), p-value < 

0.001 and R2 = 0.916. 
 
DISCUSSION 
With increasing of the global interest in the carbon cycle especially on wetlands and 
coastal habitats as a good carbon sink; several techniques were applied in literature for 
determination of soil organic carbon content, the challenge is to select an accurate, 
simple, fast, cost efficient and environmentally friendly method when dealing with a 
large number of samples. Accordingly, three different common methods that are 
titrimetric wet digestion with chromic acid [9], high-temperature loss on ignition [20] 
and low-temperature loss on ignition provided by [10] were tested. The accuracy of the 
applied technique is of significant importance since results will provide huge values 
presenting the actual carbon stock of the entire tested ecosystems within an area. 
Walkley-Black method is the most commonly adopted method in laboratories with its 
minimal requirements and low cost, but four different challenges of the method. First is 
the incomplete oxidation of organic matter may be of an average equals 76% of the 
actual total organic matter [21], [22]. The second absence of site-specific correction 
factor with possible dealing with different types of soil with different levels of organic 
matter, a general correction factor of 1.33 is applied to the results to convert the results 
the organic matter content to total organic carbon content [13]. Third is concerning the 
possible carbonates interfering, presence of inorganic carbonates (> 50%) in the soil or 
sediment sample especially in marine sediments as in current study may result 
overestimate of TOC what require pre-treatment with 1N (HCl) knowing that possible 
loss of organic matter due to its decomposition by the HCI (Nelson and Sommers, 1996), 
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so HCl pre-treatment not used. Fourth, Walkley-Black method utilizes toxic (Cr6+) ions, 
which are potentially hazardous for human beings and generate toxic waste that needs 
safe disposal [14]. 
High-temperature LOI method had a precaution with soils of pH > 6.5 and containing 
carbonates since a possible overestimate of sample organic carbon as carbonates 
spontaneously will decompose with organic carbon during high temperature (550 oC) of 
ashing step, as well. According to [23] soil of Nabq mangrove soil in studied sites is 
between 7 - 8.1 pH, so overestimate of SOC using high-temperature LOI method is 
mostly prospected in coastal ecosystems. Hence low-temperature LOI was considered 
as a standard method for the estimate of soil organic carbon can provide accurate 
estimates of SOC in many soil groups [24] and has an accuracy comparable to CNS 
analyzers [10]. Several authors reported that ignition temperature of less than 400 – 
430 oC is safe enough to avoid a bias resulting from calcium carbonate decomposition in 
calcareous soils during organic carbon estimate using loss-on-ignition method [25], 
[26], [27]. 
Developed strong correlations between the three used techniques were quadratic 
correlation model between standard LOI method and high-temperature LOI where p-
value < 0.001 and R2 = 0.982, also a quadratic correlation model between standard LOI 
method and wet digestion the where, p-value < 0.001 and R2 = 0.916. Resources 
managers in marine protected areas and conservation researchers in Red Sea basin 
countries and all developing countries are able to properly estimate SOC content in 
sediments for all types of coastal habitats with further correction of previously 
estimated SOC of coastal systems using either wet digestion or high-temperature LOI 
methods. 
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