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Abstract 
This study characterized the physical and chemical properties of the Inongo 
peatlands in the Wildlife Works Carbon/Era concession in the Mai-Ndombe 
province of the Democratic Republic of Congo. This concession covers an area 
of 301,100 hectares, located between 17˚ and 18˚20' east longitude and between 
1˚ and 2˚ latitude. The Inongo peatlands in the Wildlife Works Carbon/Era 
concession - Congo belong to the ombrotrophic peatland category. The sam-
ples analyzed show that the Inongo peatlands in the ERA concession in Mai 
ndombe, DRC, have an average total organic carbon content of 56.4%, which 
classifies them as mature peatlands. The average pH is 3.3, which means that 
these peatlands are acidic; the average electrical conductivity is 278.6 μs/cm 
and the redox potential is 278.6 mV. 
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1. Introduction 

The issue of global warming is a major challenge that requires special attention 
from society in general and scientists in particular in their studies and protection 
of specific and sensitive environments. These environments can make an effective 
contribution to mitigating global warming. 

A true nature-based solution, peatlands are a unique ecosystem in terms of their 
contribution to global climate mitigation. They capture and store carbon, purify 
water, and are home to unique biodiversity [1] [2]. Although they cover only 
about 3% of the Earth’s surface, the ecological services they provide and their pos-
itive impact on the planet fully justify their careful management [3] [4]. 

The peatlands of the central Congo Basin play a vital role at the local, regional, 
and global levels. Covering an area of 145,000 km2 [3], they contain approximately 
the equivalent of the volume of carbon present in the above-ground biomass of 
trees in all the forests of the Congo Basin [5] [6]. 

As the Democratic Republic of Congo has most of the peatlands in the Congo 
Basin, it is desirable, if not imperative, that studies be conducted on these partic-
ular ecosystems in order to determine their actual natural capital [7]. Hence, the 
research on the peat wetlands of Inongo in the province of Mai-Ndombe was con-
ducted to obtain data on their physical and chemical properties. 

2. Materials and Methods 

This section presents the materials used during the conduct of this study, as 
well as the methods employed, starting with an overview of the study environ-
ment. 

2.1. Study Environment 

This study was conducted in the Wildlife Works Carbon/ERA-Congo concession 
located in the Inongo territory, Maï-Ndombe province. The province of Maï-
Ndombe is located in the central basin of the Congo, dominated by plateaus, 
plains, and hills. 

The Wildlife Works Carbon/ERA-Congo concession covers an area of 301,100 
hectares, between 17˚ and 18˚20' east longitude and between 1˚ and 2˚ latitude, 
and is bounded, as shown in Figure 1: 
• To the north by the Bolongo-Lule River; 
• To the south by the territory of Kutu; 
• To the east by Lake Maï-Ndombe; 
• To the west by the territory of Mushie.  

We divided this area into five plots because this allows us to take samples sys-
tematically and reduce the risk of bias. It also gives us an overview while taking 
local variations into account. The spatial constraints are the difficulty of access 
due to the vastness of the forest and the climatic conditions. 
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Figure 1. Location of the WWC/ERA concession - Congo in the DRC. 

2.2. Materials 

The materials used to carry out this work are divided into two categories: non-
biological materials and laboratory materials. 

2.2.1. Biological Equipment  
Biological equipment consists of peat samples.  

2.2.2. Laboratory Equipment  
1) Devices 

• APERA SX731 MultiLine multiparameter probe; 
• Core sampler;  
• Canon camera; 
• Garmin Dakota 20 GPS; 

2) Other equipment 
• Two 35-liter coolers; 
• Pruning shears;  
• Boots;  
• Bags for transporting equipment in the field. 
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2.3. Methods 

This section covers all the techniques and methods used to collect data, namely: 
documentary research and field observation, sampling and analysis techniques. 

We took samples at a depth of 1.40 meters. We took nine subsamples per plot. 

2.3.1. Laboratory Protocols 
1) Total organic carbon 
Total organic carbon was determined according to Robert. The protocol is as 

follows: 
• Weigh 1.0 g of soil or sediment sample that has been dried in the open air and 

place it in a 300 mL conical flask. 
• Add 10 mL of 1 N potassium dichromate. Place a magnetic bar in the conical 

flask. 
• Add 20 mL of concentrated sulfuric acid (98% by mass) and place a watch glass 

over the conical flask. 
• Shake vigorously for 1 minute and cool the resulting digestate for 30 minutes. 
• Rinse the watch glass. 
• Then add 200 mL of distilled water, 10 mL of concentrated phosphoric acid, 

and 10 to 15 drops of ferroin indicator solution.  
• Finally, titrate the excess potassium dichromate with the 0.5 N ferrous sulfate 

solution when the turquoise color appears, titrating slowly until the final 
brown color appears. 

• Note the volume used. 
• Also measure the control sample in the same way as the sample after first plac-

ing a magnetic rod, 10 mL of 1 N potassium dichromate, and 20 mL of 98% 
sulfuric acid in an Erlenmeyer flask. 

2) In situ parameters (temperature, pH, electrical conductivity, TDS, dissolved 
oxygen, and redox potential) 

These parameters were measured using HANNA HI 991300 and HANNA HI 
9146 multi-parameter probes. Here is the procedure: 
• Press the ON/OFF button to turn on the device. 
• Rinse the electrode with distilled water and wipe it with a disposable tissue. 
• Immerse the electrode in the medium to be measured to a minimum depth of 

4 cm; 
• Wait for the value to stabilize before reading. 
• Press “Red” to change the parameters to be read. 
• Rinse the electrode again with distilled water and wipe it with a clean disposa-

ble tissue to take the next measurement. 

2.3.2. Sampling and Preparation of Equipment 
Five permanent plots of 0.25 hectares, or 50 m × 50 m (for a total area of one 
hectare), were set up in a peatland stand. These plots are represented on the map 
by points P1, P2, P3, P4, and P5 (Figure 2 and Figure 3). 
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Figure 2. Plot layout according to the Japanese International Cooperation Agency (JICA) FAO, 2019. Plot coding: P1: first plot; P2: 
second plot; P3: third plot; P4: fourth plot; P5: fifth plot. 

 
Selected sites 
 

 
Figure 3. Different sampling points for peat samples in the villages of the Era-Congo Concession. Legend: PT1: peat sampling site 
1 (Ilee village); PT2: peat sample collection site 2 (Botembo village); PT3: peat sample collection site 3 (Mpongoboli village); PT4: 
peat sample collection site 4 (Bombokili village); PT5: peat sample collection site 5 (Nsanga village). 
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3. Results 
3.1. Physical Characteristics 

Table 1 presents the physicochemical parameters measured in peat samples taken 
from five different sites (PT1 to PT5) in the Inongo region.  

This table shows that: The temperature varies from 25˚C to 26˚C, typical of a 
tropical environment, with no significant variation, allowing the other parameters 
to be compared without thermal bias. The pH varies from 3.1 to 3.7, with all sam-
ples being highly acidic (pH < 4), which is one of the characteristics of peatlands, 
where the accumulation of organic matter and anaerobic decomposition generate 
organic acids. Such marked acidity can influence the bioavailability of metals and 
microbial activity. Electrical conductivity ranges from 296 to 325 μS/cm2 (low to 
moderate values), indicating low mineralization, and TDS ranges from 3.5 to 6.6 
mg/L, confirming a low dissolved ion load. Dissolved oxygen varies from 2.37 to 
4.1 mg/L, which are relatively low levels typical of water-saturated environments 
rich in organic matter where oxygen consumption through decomposition is high. 
The lowest value (PT1) could indicate a more stagnant area or one richer in easily 
degradable organic matter. The redox potential varies from 218 to 317 mV. Some 
sites (PT4, PT1) appear to be more oxidizing, while others (PT5, PT2) appear to 
be more reducing; these fluctuations reflect heterogeneous conditions within the 
Inongo bog, influenced by water saturation, organic matter, and biological activ-
ity. Total organic carbon varies from 55.6% to 57.2%, which are very high and 
homogeneous levels, confirming the highly organic nature of the samples. 
 

Table 1. Physico-chemical parameters of Inongo peat. 

PARAMETRES T(˚C) pH CE (μs/Cm2) TDS (mg/L) O2 (mg/L) PR (mV) COT (%) 

PT1.Vl: ILEE 25 ± 0.1 3.27 ± 0.2 296 ± 4.3 5.5 ± 1.2 2.37 ± 0.4 296 ± 79 56.5 ± 0.24 

PT2.Vl: Botembo 26 ± 1.1 3.1 ± 0.8 325 ± 35.0 6.6 ± 1.1 3.37 ± 0.5 236 ± 16.4 55.6 ± 0.31 

PT3.Vl: Mpongoboli 26 ± 1.8 3.2 ± 0.2 298 ± 38.4 3.5 ± 0.6 4.1 ± 0.7 280 ± 77.6 57.1 ± 0.18 

PT4.Vl: bombokili 25 ± 2.2 3.1 ± 0.1 296 ± 69.5 5 ± 0.2 3.7 ± 0.5 317 ± 69.7 55.7 ± 0.30 

PT5.Vl: Nsanga 25.9 ± 0.1 3.7 ± 0.1 301 ± 28.8 5.9 ± 0.9 4 ± 0.4 218 ± 54.4 57.2 ± 0.19 

 
1) Temperature 
From Figure 4, the temperature values recorded during this study ranged from 

25˚C to 25.9˚C, with an average of 25.78˚C and a standard deviation of ±0.8. The 
minimum value (25˚C) was recorded at site P1 in the Ilée-Mankaba swamp forest 
and P4 Mbombokili, while the maximum (25.9˚C) was observed at site P5 in 
Nsanga.  

2) pH 
Figure 5 shows that all pH values are between 3.1 and 3.7, with an average of 

3.294 and a standard deviation of ±0.2. The lowest value is observed in the Mbom-
bokili swamp forest at site P4, and the highest value is found at site P5 in Nsanga.  
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Figure 4. Temperature variation at different sites. 
 

 

Figure 5. The variation in pH at the different sampling sites in the Era-Congo 
concession. 

 

3) Electrical conductivity 
From Figure 6, it can be seen that the measured electrical conductivity results 

show values ranging from 296 µs/cm to 325 µs/cm, with an observed average of 
303.2 µs/cm and a standard deviation of ±12.3. Sites P1 in Ilée-Mankaba and P4 
in Mbombokili have the lowest values, while the highest value was obtained in the 
Botembo forest at site P2. 

 

 
Figure 6. The types of variation in electrical conductivity at the various sampling 
sites in the Era-Congo concession. 

https://doi.org/10.4236/oalib.1113999


P. Ngelinkoto Mpia et al. 
 

 

DOI: 10.4236/oalib.1113999 8 Open Access Library Journal 
 

4) TDS 
From Figure 7, TDS varies between 3.5 and 6.5 mg/L, with the highest value 

recorded at site P2 in Botembo and the lowest at site P3 in Mpongoboli, with an 
average of 5.28 mg/L and a standard deviation of ±1.1. 

 

 
Figure 7. TDS values at the various sampling sites in the Era-Congo concession. 

 
5) Dissolved oxygen 
From Figure 8, Dissolved oxygen varies between 2.37 and 4.1 mg/L, with an 

average of 3.5 mg/L and a standard deviation of ±0.6. The minimum value is rec-
orded at Ilée-Mankaba at site P1, and the maximum at Mpongoboli, site P3. 

 

 
Figure 8. Amount of dissolved oxygen in peatlands at different sampling sites 
within the Era-Congo concession. 

 

6) Redox potential 
From Figure 9, the redox potential varies between 217 and 317 mV with an 

average of 278.6 mV and a standard deviation of ±37.3; the minimum value is 
recorded at site P2 in Botembo, the maximum at site P4 in Mbombokili. 

7) Organic-carbon 
Figure 10 shows that total organic carbon varies between 55.6 and 57.1%, with 

an average of 56.42% and a standard deviation of ±0.75; its lowest value is rec-
orded at point P2, and its highest value at point P3. 
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Figure 9. Variation in redox potential at the different sampling sites. 

 

 
Figure 10. Variation of organic-carbon at the different sampling sites. 

3.2. Statistical Analysis 

Table 2 presents the results of a one-way ANOVA for several variables (pH, CE, 
TDS, O2, PR, COT).  

1) pH 
F (11.726): The F value is high, but the significance (p-value = 0.079) is slightly 

above the typical threshold of 0.05. 
Interpretation: The differences between the groups are not statistically signifi-

cant at the 5% threshold, but they could be with a wider threshold (e.g., 10%). This 
suggests a trend toward difference, but not solid evidence. These results are close 
to [8]. 

2) Electrical Conductivity (EC μS/cm2) 
F (0.676): Low F value. 
Significance (p-value = 0.597): Much greater than 0.05. 
Interpretation: No significant difference between groups. Intra-group variabil-

ity is much greater than inter-group variability. These results are close to [9]. 
3) TDS (mg/L) 
F (0.099): Very low F value. 
Significance (p-value = 0.910): Very high. 
Interpretation: No significant difference between groups. The averages are very 
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similar. These results are close to [10]. 
4) Dissolved oxygen (O2 mg/L) 
F (0.689): Low F value. 
Significance (p-value = 0.592): Greater than 0.05. 
Interpretation: No significant difference between groups. The observed varia-

bility is probably due to chance. These results are close to [11]. 
5) Redox potential (PR mV) 
F (4.758): Moderate F value. 
Significance (p-value = 0.174): Greater than 0.05. 
Interpretation: Although the F value is relatively high, the p-value indicates that 

the differences are not statistically significant at the 5% threshold. This could sug-
gest a marginal difference, but it is not conclusive. 

6) Total Organic Carbon (COT) 
F (0.570): Low F value. 
Significance (p-value = 0.637): Greater than 0.05. 
Interpretation: No significant difference between groups. The variations ob-

served are likely random. These results are close to [12]. 
 

Table 2. One-way ANOVA. 

 
Sum of 
squares 

ddl 
Mean 
square 

F Signification 

pH 

Within groups 0.228 2 0.114 11.726 0.079 

Within groups 0.019 2 0.010   

Total 0.248 4    

CE 

Within groups 246.300 2 123.150 0.676 0.597 

Within groups 364.500 2 182.250   

Total 610.800 4    

TDS 

Within groups 0.490 2 0.245 0.099 0.910 

Within groups 4.930 2 2.465   

Total 5.420 4    

O2 

Within groups 0.793 2 0.396 0.689 0.592 

Within groups 1.151 2 0.575   

Total 1.943 4    

PR 

Within groups 5654.700 2 2827.350 4.758 0.174 

Within groups 1188.500 2 594.250   

Total 6843.200 4    

COT 

Within groups 0.823 2 0.412 0.570 0.637 

Within groups 1.445 2 0.723   

Total 2.268 4    
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From this one-factor ANOVA test, we note: None of the variables show statis-
tically significant differences between groups at the 5% threshold; pH is the vari-
able closest to significance (p = 0.079), but would require more data or a less strin-
gent threshold to be conclusive; The other variables (EC, TDS, O2, PR, COT) have 
high p-values, indicating that the differences between groups are negligible or due 
to chance. 

These results suggest that either the groups are very similar for these variables, 
or the sample is too small to detect an effect (low statistical power). An increase 
in sample size could be considered to refine the analysis. The degrees of freedom 
(df) are very low (intra-group df = 2 for each variable), which reduces the power 
of the test. This partly explains the high p-values despite apparent inter-group 
differences (e.g., for PR). 

4. Discussion 

Regarding the physical and chemical parameters (Table 1) measured in situ, the 
pH of the peat varies between 3.1 and 3.7. The temperature ranges from 25˚C to 
26.9˚C. Electrical conductivity ranges from 296 to 325 μs/cm. TDS varies between 
3.5 and 6.5 mg/L. These results are similar to those found by [13] [14].  

Dissolved oxygen varies between 2.37 and 4.1 mg/L. It has a significant rela-
tionship with methane fluxes, and we believe that methane production is high due 
to the low dissolved oxygen values at this site, which leads us to suggest that future 
studies should quantify methane gas. [15] [16]. 

Low pH and moderate electrical conductivity are often associated with an ad-
vanced stage of peat decomposition, which can influence the carbon sequestration 
capacity of the Inongo peatlands. According to [17] [18], physicochemical char-
acteristics can affect nutrient dynamics and microbial biodiversity, thereby im-
pacting the effectiveness of carbon sequestration in Central African peatlands. 
[19] [20]. 

5. Conclusions 

This research focuses on the physico-chemical characterization of the Inongo 
peatlands in the Wildlife Works Carbon/Era concession in the Mai-Ndombe 
province of the Democratic Republic of Congo. The physico-chemical parameters 
measured (pH, temperature, conductivity, dissolved oxygen, etc.) provide an un-
derstanding of their dynamics, evolution, and natural state for better management 
of this unique ecosystem, with a view to providing useful information for the con-
servation and use of resources. However, only a sound scientific understanding of 
these ecosystems can guarantee a rigorous and appropriate management policy. 

This research has limitations due to spatial difficulties, including the small sam-
ple size and data collection over a single season. For more robust results, seasonal 
sampling or sampling at different depth profiles would be beneficial, allowing for 
a better understanding of spatio-temporal variations and their impact on carbon 
sequestration. 

https://doi.org/10.4236/oalib.1113999


P. Ngelinkoto Mpia et al. 
 

 

DOI: 10.4236/oalib.1113999 12 Open Access Library Journal 
 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 
[1] Ramsar (2021) Restaurer les tourbières drainées constitue désormais un impératif en-

vironnemental. https://www.ramsar.org  

[2] Barthélémy, F. (1999) Handbook of Industrial Rocks and Minerals: Peat and Peat-
lands. BRGM Report R 40890, 159 p., 17 Figs., 27 Tables, 5 Appendices. 

[3] Dargie, G.C., Lewis, S.L., Lawson, I.T., Mitchard, E.T.A., Page, S.E., Bocko, Y.E. and 
Ifo, S.A. (2017) Age, Extent and Carbon Storage of the Central Congo Basin Peatland 
Complex. Nature, 542, 86-90. 

[4] Miles, L., Raviliousa, C., García-Rangela, S., de Lamoa, X., Dargie, G. and Lewis, S. 
(2017) Carbone, biodiversité et utilisation des terres dans les tourbières de la Cuvette 
Centrale du Congo. Centre mondial de surveillance de la conservation de la nature 
(CMSC) de l’ONU-Environnement, 8 p. 

[5] Kauffman, J.B., Bernadino, A.F. and Ferrreira, T.O. (2021) Important Greenhouse 
Gas Emission from African Peatlands. Nature, 593, 548-552. 

[6] Matondo, F.J., Bakatula, N.E., Maliani, K.J., Ailphonse, M. and Ngelinkoto, M.P. 
(2022) Peat Physicochemical Characterization of Lokolama in the Bog of Basin of 
Congo. Journal of Chemical, Biological and Physical Sciences, 12, 364-374. 

[7] Anderson, R.L., Foster, D.R. and Motzkin, G. (2003) Integrating Lateral Expansion 
into Models of Peatland Development in Temperate New England. Journal of Ecol-
ogy, 91, 68-76. https://doi.org/10.1046/j.1365-2745.2003.00740.x 

[8] Antoine, S. (1974) Division des Tourbières Ministère des Richesses naturelles confer-
ence held on March 11, 1974, École Polytechnique Génie Minéral Montréal. 

[9] Arnaud, T. (2007) Functioning, Dynamics, and Paleoenvironmental Interest of the 
Peat Bogs of the Devès Volcanic Plateau (Velay, French Massif Central). Doctoral 
Thesis, Jean Monnet University Faculty of Humanities and Social Sciences. 

[10] Barthelmes, A. (2021) Peatlands of the Congo Basin: A Rapid Assessment Based on 
Historical and Current Data. Greifswald Mire Centre. International Climate Initiative 
(IKI). Presentation at the Technical Meeting Organized by the DRC Peatland Man-
agement Unit on the Definition and Identification of Peatland Typologies on June 
21, 2021. 

[11] Bonn, A., Allott, T., Evans M., Hans, J. and Stoneman, R. (2016) Peatland Restoration 
and Ecosystem Services: Science, Policy, and Practice. Ecological Reviews. Cambridge 
University Press, 493 p. 

[12] Craft, C. (2016) Tourbières. In: Création et restauration des zones humides, Elsevier, 
161-192. 

[13] Gobat, J.-M., Aragnot, M. and Matthey, M. (1998) Le sol vivant. Presses polytech-
niques et Universitaire Romandes, 521. 

[14] Gorham, E. (1991) Northern Peatlands: Role in the Carbon Cycle and Probable Re-
sponses to Climatic Warming. Ecological Applications, 1, 182-195.  
https://doi.org/10.2307/1941811 

[15] Joosten, H. and Clarke, D. (2002) Wise Use of Mires and Peatlands. International 
Mires Conservation Group and International Peat Society, 303. 

[16] Lappalainen, E. (1996) Global Peat Resources. International Peat Society et Geologi-
cal Survey of Finland, 358 p. et annexes. 

https://doi.org/10.4236/oalib.1113999
https://www.ramsar.org/
https://doi.org/10.1046/j.1365-2745.2003.00740.x
https://doi.org/10.2307/1941811


P. Ngelinkoto Mpia et al. 
 

 

DOI: 10.4236/oalib.1113999 13 Open Access Library Journal 
 

[17] Lewis, S. (2021) Projet CongoPeat. Présentation dans le cadre de la Réunion tech-
nique organisée par l’Unité de Gestion des Tourbières de RDC sur la définition et 
l’identification des typologies des tourbières du 21 juin 2021. 

[18] Manneville, O. (2020) Tourbières et marais, des zones humides remarquables, Station 
Alpine Joseph Fourier. Université Grenoble Alpes, 150 p. 

[19] Mérot, P., Gascuel, C. and Durand, P. (2005) Typologie fonctionnelle: Application 
aux zones humides de fonds de vallées. Cahier thématique du PNRZH «Caractérisa-
tion des zones humides». Agences de l’eau, BRGM, Ministère de l’écologie et du dé-
veloppement durable, 70 p. 

[20] Bulangashane, M.N., Kalonji-Kabambi, A. and Ciribuka, G.B. (2023) Physico-Chem-
ical Characterization of the Nangongo Peat Bog in South Kivu Province, DRC. Open 
Access Library Journal, 10, e10591. https://doi.org/10.4236/oalib.1110591 

 
 

https://doi.org/10.4236/oalib.1113999
https://doi.org/10.4236/oalib.1110591

	Contribution to the Physicochemical Characterization of Peat in the Inongo Peatlands: The Case of the Wildlife Works Carbon/the Era-Congo Concession/DR Congo
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Environment
	2.2. Materials
	2.2.1. Biological Equipment 
	2.2.2. Laboratory Equipment 

	2.3. Methods
	2.3.1. Laboratory Protocols
	2.3.2. Sampling and Preparation of Equipment


	3. Results
	3.1. Physical Characteristics
	3.2. Statistical Analysis

	4. Discussion
	5. Conclusions
	Conflicts of Interest
	References

