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ABSTRACT 

Background and Purpose: Chemical intoxication of dietary origin is one of the major health 

problems confronting the global community. Cyanide is a very toxic chemical which reacts 

and forms a stable complex with iron in cytochrome oxidase thereby inhibiting oxidative 

phosphorylation. Adsorbents are carbon materials that attract poisons to their surfaces thus 

preventing the absorption of poisons into the body. The clinically available activated charcoal 

is expensive and often not readily available.  

Methods: Four (4) different concentrations ranging from 0.5 g/dL to 2.0 g/dL of activated 

carbon from plantain peels, castor oil seed shells, coconut shells, and rice husks were used to 

prepare adsorbent samples. The same range of concentrations was used for activated charcoal 

(standard). Each concentration was introduced into a 1 L of pyrex beaker containing 250 mL 

aqueous solution of 1 mol/mL of potassium cyanide. The cyanide-ninhydrin adducts obtained 

were subjected to UV-spectrophotometry, and the degree of adsorption of cyanide by the 

various activated carbon samples was determined.  

Results: Plantain peels showed the least amount of un-adsorbed cyanide (20.03±0.48 mg/dL), 

followed by coconut shells (24.34±0.43 mg/dL), next was castor oil seed shells (26.48±0.36 

mg/dL). These values were all significantly (P<0.0001) lower than the value obtained for the 

commercial (standard) activated charcoal (36.87±0.02 mg/dL). At the sample amount of 2.0 

g/dL, the lowest un-adsorbed cyanide concentration (15.28±0.83 mg/dL) was seen in the 

combination of plantain peels + castor oil seed shells + coconut shells. 

Conclusion: Adsorbents prepared from some plant materials showed better in vitro adsorptive 

capacity for cyanide than the standard (commercially and clinically available) activated 

charcoal. The combination of the materials also showed better adsorption for cyanide than the 

single agents. They therefore seem more efficacious and may also be cheaper than the 

commercial product. 
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INTRODUCTION 

Exposure to cyanide can take place by a variety of routes, 

including oral, dermal, and inhalation. Acute cyanide 

intoxication has resulted in many emergency hospital cases. 

Cyanide interferes with the process of energy production by 

the body and causes rapid respiratory depression, coma and 

eventual death if treatment is not instituted urgently 

(Niknahada et al., 2008; Marziaz et al., 2013; Singh et al., 

2015). 

Oral exposure to cyanide in the environment can take place 

through the consumption of food bearing residual cyanide 

from insecticides, drinking water contaminated by 

industrial effluents and pesticides (Ghodsi and Baghshani, 

2013; Zuccarello et al., 2022; Adams et al., 2024). Other 

potential sources of cyanide exposure include 

pharmaceutical preparations such as laetrile (a cancer 

medication which can be degraded to cyanide), sodium 

nitroprusside (a pharmaceutical agent used to treat 

hypertension and to control bleeding during surgery), and 

succinonitrile (an antidepressant) (Eyer et al., 2007). 

Activated charcoal adsorbs many noxious substances such 

as drugs, phytotoxins and poisonous chemicals onto its 

surface, preventing their absorption from the 

gastrointestinal tract. As a secondary decontamination 

mechanism, it interrupts potential entero-hepatic and/or 

entero-enteric circulation (Eyer et al., 2007; Pfab et al., 

2016; Zellner et al., 2019).  

Carbon-based compounds used in the manufacturing of 

activated charcoal for various purposes include coconut 

shells, rice husks, plantain peels, peat, banana peels and 

fluted pumpkin (Olson, 2010; Prauchner et al., 2012; 

Ezeokonkwo et al., 2018; Zhang et al., 2020; Alcaniz-

Monge et al., 2022). Some peculiar qualities enhance the 

capacity of activated carbons. These include pore structure, 

functional groups, ash content, carbon yield, bulk density, 

methylene blue number and iodine number (Neuvonen and 

Olkkola, 1984; Alaspa et al., 2000). The physical and 

chemical characteristics of the adsorbate which include 

functional groups, polarity, molecular size and molecular 

weight also affect their adsorptive capacity (Neuvonen and 

Olkkola, 1984; Alaspaa et al., 2000; McGoodwin and 

Schaeffer 2000; Cooper et al., 2005). There is need to 

explore alternative local and cheap sources of adsorbents 

for possible clinical use because the commercially available 

activated charcoal is relatively expensive and not readily 

available. This study investigated the adsorptive capacities 

of different agro-based materials, on the in vitro disposition 

of cyanide. 

MATERIALS AND METHODS 

Preparation of Adsorbent Materials and Chemical 

Activation 

The carbon materials (rice husks, coconut shells, castor oil 

seed shells and plantain peels) were collected from a local 

market in Enugu State, Nigeria. They were washed 

thoroughly with clean water and allowed to dry in the sun 

before grinding into fine powder with an electric blender. 

The materials were then dried in an oven at 110oC for 24 h 

and were each divided into three portions and stored in 

separate beakers. The chemical agents used for activation 

were zinc chloride, phosphoric acid and nitric acid. A 

solution of 100 mL of 10% w/v of zinc chloride was mixed 

with 50 g of powdered carbon sample, 500 mL of 0.5 mol/L 

of phosphoric acid was mixed with 50 g of powdered carbon 

sample and 500 mL of 0.5 mol/L nitric acid was mixed with 

50 g of the carbon sample. The procedure described by 

Ekpete et al. (2017) was adopted with minor modifications. 

The different mixtures were left to stand for 24 h with 

regular stirring to allow for the chemical activating agents 

to penetrate the carbon materials thoroughly. Afterwards, 

the samples were carbonized in a muffle furnace for one 

hour at a temperature of 800oC. The samples were 

thereafter, soaked in 0.5 N HCl for one hour and then 

washed thoroughly in distilled water until neutral. Materials 

were finally dried in an oven at temperature of 110oC for 24 

h and kept in air-tight containers. 

Determination of the Adsorptive Capacities of the 

Various Materials 

Specific known concentrations of 0.5 g/dL, 1.0 g/dL, 1.5 

g/dL and 2 g/dL of each activated samples were used 

(Reffas et al., 2010; Ekpete et al., 2017). Each 

concentration of the activated carbon was introduced into a 

litre of pyrex beaker containing 200 mL aqueous solution 

of 1 mol. of KCN. Phosphoric acid (10 mL) was added to 

100 mL of aqueous sample solution and left for 12 h. The 

samples were filtered with Whatman’s filter paper #1, and 

1 mL was pipetted into a spectrophotometer cuvette 

followed by the addition of 0.5 mL of ninhydrin solution. 

To increase the sensitivity of the reaction, potassium 

hydroxide (KOH) solution was added and the deep-red or 

deep-blue colour obtained  was measured at 485 nm and 590 

nm respectively. A reagent blank with no cyanide was used 

for the experiment. The UV-Vis spectra were recorded from 

200 nm to 700 nm. The recorded absorbance value for the 

un-adsorbed cyanide was converted to cyanide 

concentration (g/mL) using a standard cyanide 

concentration curve.  
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To compare the adsorbing capacity of each of the 

adsorbents with that of activated charcoal on the in vitro 

disposition of cyanide poison, the cyanide-containing 

aqueous samples were treated with equal concentrations of 

each adsorbent and activated charcoal. Four (4) 

concentrations ranging from 0.5 g/dL to 2.0 g/dL were used 

for each prepared adsorbent sample (Reffas et al., 2010). 

The same concentrations of activated carbon was used. 

Each concentration was introduced into a 1 L of pyrex 

beaker containing 250 mL aqueous solution of 1 mol. of 

KCN.  

The mixtures were stirred for 30 min at 0, 50, 100 and 300 

rpm, using a mechanical stirrer, at room temperature. At the 

end of stirring, the mixtures were allowed to settle for a few 

minutes and 200 mL of the supernatant was collected and 

filtered with a Whatman’s filter paper for KCN analysis 

using the ninhydrin method. The cyanide-ninhydrin adducts 

obtained were subjected to UV-spectrophotometry to read 

the absorbance (Reffas et al., 2010). 

Statistical Analysis 

The results are presented as mean ± SD (standard deviation) 

of four replicates.  Analysis   was   done   using   one-way 

analysis of variance (ANOVA) followed by Bonferrori post 

hoc test (SPSS software version 24).  P-values less than 

0.05 were considered to be statistically significant. 

RESULTS 

Effect of Zinc Chloride-activated Samples on Cyanide 

Adsorption 

Table 1 shows the effect of changes in concentrations 

(g/dL) of zinc chloride-activated materials on the in vitro 

cyanide adsorption compared with the standard activated 

charcoal. Generally, there were significant differences 

(P<0.0001) in the adsorptive capacities of each carbon 

sample for cyanide with increased amount of the sample. 

The lowest un-adsorbed cyanide concentrations were at the 

sample concentration of 2.0 g/dL.  

Plantain peels showed the least concentration of un-

adsorbed cyanide (20.03±0.48 mg/dL), followed by 

coconut shell (24.34±0.43 mg/dL), next was castor oil seed 

shell (26.48±0.36 mg/dL). These values were all 

significantly (P<0.0001) lower than the value obtained for 

standard activated charcoal (36.87±0.02 mg/dL). 

 

Effect of Nitric Acid-activated Samples on Cyanide 

Adsorption 

Table 2 shows the effect of different concentrations of nitric 

acid (HNO3) activated carbon samples on in vitro cyanide 

adsorption compared with standard activated charcoal. The 

cyanide adsorptive capacities for the different samples 

increased significantly (P<0.0001) with increasing 

concentrations of the samples.   The   lowest   un- adsorbed 

cyanide concentrations was at the sample concentration of 

2 g/dL.  

The lowest concentration of un-adsorbed cyanide at 2 g/dL 

was by castor oil seed shell (18.99±0.22 mg/dL), followed 

by coconut shell (21.63±1.19 mg/dL), next was plantain 

peels (32.72±0.17 mg/dL). These values were all 

significantly (P<0.0001) lower than the value obtained for 

standard activated charcoal (36.87±0.02 mg/dL). 

 

 

Table 1: Effect of changes in amount of zinc chloride-activated charcoal samples on in vitro cyanide adsorption. 

 

Sample  

 Un-adsorbed cyanide (mg/dL) 

0.5 g/dL 1.0 g/dL 1.5 g/dL 2.0 g/dL  

Standard  50.11±0.002 45.25±0.02 40.33±0.01 36.87±0.02 

Rice Husk 56.20 ±0.22*** 50.90±0.22*** 40.42±0.33*** 38.46±0.11 

Plantain Peels 46.91±0.25*** 38.75±0.14*** 28.96±0.40*** 20.03±0.48*** 

Castor oil seed shell 47.01±0.14*** 41.31±0.20*** 33.65±0.27*** 26.48±0.36*** 

Coconut shell 46.04±0.81*** 40.49±0.37*** 30.05±0.78*** 24.34±0.43*** 
**P<0.0001 compared with same weight of standard activated charcoal. n-value = 4 

. 

Table 2: Effect of changes in amount of nitric acid-activated charcoal samples on the in vitro cyanide adsorption. 

 

Sample 

Un-adsorbed Cyanide (mg/dL) 

0.5 g/dL 1.0 g/dL 1.5 g/dL 2.0 g/dL 

Standard  50.11±0.002 45.25±0.02 40.33±0.01 36.87±0.02 

Rice Husk 58.15±0.14*** 52.34±0.34*** 40.56±0.36*** 38.50±0.05*** 

Plantain Peels 50.57±0.08*** 44.66±0.66*** 36.55±0.09*** 32.72±0.17*** 

Castor oil seed shell 42.16±0.84*** 30.45±0.01*** 22.84±0.02*** 18.99±0.22*** 

Coconut shell 45.50±0.38*** 34.16±0.17*** 28.59±0.41*** 21.63±1.19*** 
***P<0.0001 compared with same weight of standard activated charcoal. n-value = 4. 
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Effect of Phosphoric Acid-activated Samples on 

Cyanide Adsorption 

The effect of changes in the concentrations of phosphoric 

acid (H3PO4) activated carbon samples on in vitro cyanide 

adsorption compared with standard activated charcoal is 

shown in Table 3. There were significant (P<0.0001) 

increases in the cyanide adsorptive capacities of the carbon 

samples as the concentrations of the samples increased. The 

lowest un-adsorbed cyanide concentrations were shown at 

the sample concentration of 2.0 g/dL.  

The lowest concentration of un-adsorbed cyanide at 2.0 

g/dL of sample was seen in coconut shell (18.92±0.58 

mg/dL) followed by castor oil seed shell (24.47±0.35 

mg/dL), next was plantain peels (26.34±0.15 mg/dL). These 

values were all significantly (P<0.0001) lower than 

36.87±0.02 mg/dL shown by the standard activated 

charcoal. The highest un-adsorbed cyanide concentration 

(41.66±0.24 mg/dL) was seen in rice husks. 

Effect of Combination of Activated Samples on Cyanide 

Adsorption 

Table 4 shows the effect of different concentrations of 

various combinations of the different activated samples on 

the in vitro adsorption of cyanide. There were significant 

increases in the cyanide adsorption by the activated samples 

as the concentrations of the samples increased (P<0.0001 

for AB, P=0.003 for AC, P<0.003 for BC, P<0.0001 for 

ABC). The lowest un-adsorbed cyanide concentrations 

were shown at the sample concentration of 2.0 g/dL.  

At the sample concentration of 2.0 g/dL, the lowest un-

adsorbed cyanide concentration (15.28±0.83 mg/dL) was 

seen in the combination of plantain peels + castor oil seed 

shells + coconut shells (ABC), followed by the castor oil 

seed shells + coconut shells combination (BC) (20.55±1.09 

mg/dL), and next was the plantain peels + coconut shell 

combination (AC) (22.64±0.63 mg/dL). These un-adsorbed 

cyanide values were significantly lower than the value for 

the standard activated charcoal (36.87±0.02 mg/dL): 

P<0.01 for AB and AC, P<0.05 for BC, P<0.001 for ABC. 

The highest un-adsorbed cyanide concentration 

(23.25±0.40 mg/dL) was seen in the plantain peels + castor 

oil seed shells combination (AB). 

 

 

  

Table 3: Effect of changes in amount of phosphoric acid-activated samples on in vitro cyanide adsorption. 

 

Sample 

Un-adsorbed Cyanide (mg/dL)  

0.5 g/dL 1.0 g/dL 1.5 g/dL 2.0 g/dL 

Standard  50.11±0.003 45.25±0.02 40.33±0.01 36.87±0.02 

Rice Husk 53.61±0.28*** 50.62±0.22*** 44.35±0.30*** 41.66±0.24*** 

Plantain Peels 50.13±0.22*** 43.74±0.17*** 36.74±0.54*** 26.34±0.15*** 

Castor oil seed shell 47.54±0.18*** 42.36±0.65*** 34.11±0.47*** 24.47±0.35*** 

Coconut shell 40.36±0.42*** 32.80±0.02*** 24.73±0.78*** 18.92±0.58*** 

***P<0.0001 compared with same weight standard activated charcoal. n-value = 4. 

Table 4: Effect of various weights of the combinations of the different samples on the in vitro cyanide adsorption. 

 

Sample combinations 

          

Un-adsorbed Cyanide (mg/dL) 

0.5 g/dL 1.0 g/dL 1.5 g/dL 2.0 g/dL 

Std. 51.11±0.002 45.25±0.02 40.33±0.01 36.87±0.02 

AB 48.36±0.00 32.14±0.00* 28.32±0.04*** 23.25±0.40** 

AC 46.98±0.27 34.64±0.11* 26.61±1.14** 22.64±0.63** 

BC 40.32±1.29 34.66±0.09 24.14±1.39* 20.55±1.09* 

ABC 38.36±0.00 30.14±0.00*** 20.29±0.05*** 15.28±0.83*** 

A = Plantain peels, B = Castor oil seed shells. C = Coconut shells, ABC = Combination of the three preparations. *P<0.05, 

**P<0.01, ***P<0.0001. n-value = 4. 
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DISCUSSION 

Over all, coconut shells, castor oil seed shells and plantain 

peels showed the best adsorptive capacities among the 

various adsorbents, and their adsorptive capacity increased 

with the increasing amount of the adsorbents. High cyanide 

absorbance reading in the filtrate showed that the activated 

charcoal adsorbed only a little of the cyanide. On the other 

hand, low absorbance reading indicated that the filtrate had 

low cyanide concentration, thereby demonstrating a high 

cyanide adsorption capacity. 

The concentration-dependent increase in the adsorption 

capacity of the prepared activated charcoal samples in this 

study is probably due to the increase in their surface area. 

This finding is similar to the results of Ekpete et al. (2011) 

in which different amounts of activated charcoal were used 

to evaluate adsorption capacities of various activated 

charcoal samples. 

This study also showed that activated charcoal prepared 

from local sources had better adsorptive capacities than the 

standard commercial activated charcoal. Some previous 

studies made similar findings (Odebunmi and Okeola, 

2001; Liou et al., 2010; Dada et al., 2012;;). However, a 

study by Ekpete et al. (Ekpete et al., 2011) found that 

activated charcoal from fluted pumpkin had a similar 

adsorptive capacity with standard commercial activated 

charcoal.  

We also looked at the effect of different concentrations of 

the various combinations of the different prepared activated 

charcoal samples on the in vitro adsorption of cyanide. 

There were significant increases in the cyanide adsorption 

by the activated materials as the amount of the samples 

increased. The in vitro cyanide adsorption by these 

combinations were better than that of single standard 

activated charcoal. The adsorbent capacities of the 

combination of the different activated charcoal samples 

were therefore additive in their actions and can be exploited 

in treatment of cases of drug intoxication and poisoning. 

This finding is in agreement with the findings in a previous 

study in which combinations of activated charcoal from 

different sources were used to assess adsorption capacities 

(Maharani et al., 2019), and another study  (Saputro et al., 

2019) in which the combination of activated charcoal from 

coconut shell and corn cob showed a better adsorption for 

lead than the individual activated charcoal from each 

source. 

CONCLUSION 

In this study, adsorbents from various sources had a better 

in vitro adsorptive capacity for cyanide than the standard 

(commercially and clinically available) activated charcoal. 

The combination of the activated charcoal samples in this 

study also showed better adsorption of cyanide than the 

single agents.  

ACKNOWLEDGMENTS 

The authors are grateful to the laboratory staff of the 

Department of Pharmacology, University of Nigeria, 

Nsukka, Nigeria for their support while the experiment 

lasted. 

AUTHORS’ CONTRIBUTION 

CCO and GCA conceptualized and designed the study. 

KIN, KAN and ESN helped in data collection and analysis. 

CCO, JII, DHN and GCA drafted the manuscript. All the 

authors read and approved the final manuscript for 

publication.  

CONFLICT OF INTEREST 

The authors hereby declare no conflict of interest in this 

study  

FUNDING 

The study was funded by the authors.  

AUTHORS’ DECLARATION 

The authors declare that this work is original and that any 

liability for claims relating to the content of this article will 

be borne by them. 

REFERENCES 

Adams E, Maeda K, Kamemoto Y, Hirai K, Apdila ET 

(2024). Contribution to a sustainable society: Biosorption 

of precious metals using the microalga Galdieria. 

International Journal of Molecular Sciences 25(2): 704. 

https://doi:10.3390/ijms25020704.  

Alaspaa O, Kvisma J, Happu K, Neurvonem P (2000). 

Feasibility of activated charcoal given prehospital by 

emergency medical system in acute intoxication. Journal of 

Toxicology 38: 152-156. 

Alcañiz-Monge J, Román-Martínez MDC, Lillo-Ródenas 

MÁ (2022). Chemical activation of lignocellulosic 

precursors and residues: What else to consider?. Molecules 

(Basel, Switzerland), 27(5): 1630. 

https://doi.org/10.3390/molecules27051630. 

Cooper GM,  Le Couteur DG, Richardson D, Buckley NA 

(2005). A randomized clinical  of activated charcoal for the 

routine management of oral drug overdose Orient Journal 

of Medicine 98 (9): 655-660. 

https://doi:10.3390/ijms25020704
https://doi.org/10.3390/molecules27051630


 

6 
 

Ofor et al. Pharmacol Toxicol Nat Med 2025, 5(5&6): 1-7   

Dada AO, Inyinbor AA. Oluyori AP (2012). Preparation 

and characterization of carbon using coconut and palm 

kernel shells. Science Focus 17(2): 188-197.  

Ekpete AC, Marcus AC, Osi V (2017). Preparation and 

characterization of activated carbon obtained from plantain 

(Musa paradisiaca) fruit stem. Journal of Chemistry 

(2017): 8635615. https://doi.org/10.1155/2017/8635615  

Ekpete O, Horsfall Jnr M, Tarawou T (2011). Sorption 

kinetic study on the removal of phenol using fluted 

pumpkin and commercial activated carbon. International 

Journal of Biological and Chemical Sciences 5(3). 

https://doi.org/10.4314/ijbcs.v5i3.72243.   

Eyer F, Jung N, Neuberger H 2007). Enteral exsorption of 

acetaminophen after intravenous injection in rats: influence 

of activated charcoal on this clearance path. Basic and 

Clinical Pharmacology and  Toxicology 101: 163-171. 

https://doi:10.1111/j.1742-7843.00107.  

Ezeokonkwo MA, Ofor OF, Ani JU (2018). Preparation and 

evaluation of adsorbents from coal and Irvingia gabonensis 

seed shell for the removal of Cd(II) and Pb(II) ions from 

aqueous solutions. Frontiers in Chemistry 5: 132. 

https://doi.org/10.3389/fchem.2017.00132. 

Ghodsi V, Baghshani H (2013). Evaluation of sublethal 

cyanide exposure on plasma biochemical profile in rats and 

possible protective effect of garlic. HVM Bioflux 5(2):58-

61. 

Liou TH (2010). Development of mesoporous structure and 

high adsorption capacity of biomass-based activated carbon 

by phosphoric acid and zinc chloride activation. Chemical 

Engineering Journal 158: 129-142. 

Maharani S, Nailufhar L, Sugiarti Y (2020). Adsorption 

effectivity of combined adsorbent zeolite activated 

charcoal, and sand in liquid waste processing of 

agroindustrial laboratory. IOP Conference Series: Earth 

and Environmental Science 443 012044. DOI 

10.1088/1755-1315/443/1/0120442019,  

Marziaz ML, Frazier K, Guidry PB, Ruiz RA, Petrikovics 

I, Haines DC (2013). Comparison of brain mitochondrial 

cytochrome c oxidase activity with cyanide LD50 yields 

insight into the efficacy of prophylactics. Journal of  

Applied Toxicology 33: 50-55. 

McGoodwin L, Schaeffer S (2000). Availability of 

activated charcoal in the metropolitan area of Oklahoma 

City. Journal of Toxicology 38: 401-407. 

Neuvonen PJ, Elonen E, Mattila MJ (1980). Oral activated 

charcoal and dapsone elimination. Clinical Pharmacology 

and Therapeutics 27: 823-827. 

Niknahad H, O'Brien PJ (2008) Mechanism of sulfite 

cytotoxicity in isolated rat hepatocytes. Chemical and 

Biological Interactions 174: 147-154.  

Odebunmi EO, Okeola OF (2001). Preparation and 

characterization of activated carbon from waste materials. 

Journal of Chemical Society of Nigeria 26(2): 149-155. 

Olson KR (2010). Activated charcoal for acute poisoning: 

One toxicologist’s journey. Journal of Medical Toxicology 

6(2): 190-198. 

Pfab R, Schmoll S, Dostal G, Stenzel J, Hapfelmeier A, 

Eyer F (2016). Single dose activated charcoal for gut 

decontamination: Application by medical non-

professionals - a prospective study on availability and 

practicability. Toxicology Reports 4: 49-54. 

https://doi:10.1016/j.toxrep.2016.12.007.   

Prauchner MJ, Rodriguez-Reinoso F (2012). Chemical 

versus physical activation of coconut shell: A comparative 

study. Advances in Materials Physics and Chemistry 52: 

163-171. https://doi:10.1016/j.micromeso.2011.11.040.   

Reffas A, Bernardet V, David B, Reinert L, Lehocine MB, 

Dubois M, Batisse N, Duclaux L (2010). Carbons prepared 

from coffee grounds by H3PO4 activation: Characterization 

and adsorption of methylene blue and nylosan red N-2RBL. 

Journal of Hazardous Materials 175: 779-788. 

https://doi:10.1016/j.jhazmat.10.076.   

Saputro S, Mahardiani L, Masykuri M, Jazuri AZ (2019). 

The effectiveness of the activated carbon from coconut 

shell and corn cob to adsorb Pb(II) ion and its analysis using 

solid-phase spectrophotometry. IOP Conference Series: 

Material Science Engineering, 578 012020. doi 

https://10.1088/1757-899X/578/1/012020.  

Singh P, Rao P, Yadav SK, Gujar NL, Satpute RM & 

Bhattacharya R (2015) Time‐ and temperature‐dependent 

changes in cytochrome c oxidase activity and cyanide 

concentration in excised mice organs and mice cadavers. 

Journal of Forensic Science 60: S162-170.  

Subramani  T,  Revathi  PK (2015). Production  of activated 

carbon  from  agricultural  raw  waste. Journal of 

Engineering 5(5): 54-63. 

 

https://doi.org/10.1155/2017/8635615
https://doi.org/10.4314/ijbcs.v5i3.72243
https://doi:10.1111/j.1742-7843.00107
https://doi.org/10.3389/fchem.2017.00132
https://doi:10.1016/j.toxrep.2016.12.007
https://doi:10.1016/j.micromeso.2011.11.040
https://doi:10.1016/j.jhazmat.10.076
https://10.0.4.64/1757-899X/578/1/012020


 

7 
 

Ofor et al. Pharmacol Toxicol Nat Med 2025, 5(5&6): 1-7   

Sugumaran P, Priya SV, Rauichandran P, Seshadri S 

(2012). Production and characterization of activated carbon 

from banana empty fruit bunch and Delonix regia fruit 

pod. Journal of Sustainable Energy and Environment 3: 

125-132. 

Zellner T, Prasa D, Färber E, Hoffmann-Walbeck P, Genser 

D, Eyer F (2019). The use of activated charcoal to treat 

intoxications. Deutsches Arzteblatt International 116(18): 

311-317. https://doi:10.3238/arztebl.2019.0311.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhang ZB, Lei YQ, Li DW, Zhao JW, Wang YK, Zhou GY, 

Yan CW, He QX (2020). Sudden heating of H3PO4-loaded 

coconut shell in CO2 flow to produce superactivated carbon 

and its application for benzene adsorption. Renewable 

Energy 153: 1091-1099.  

Zuccarello P, Carnazza G, Raffino C, Barbera N. Diagnosis 

of lethal cyanide poisoning. Analysis by anion-exchange 

chromatography with pulsed amperometric detection. 

Journal of Forensic Science 67(4):1 617-1623. 

https://doi:10.1111/1556-4029.15046.  

https://doi:10.3238/arztebl.2019.0311
https://doi:10.1111/1556-4029.15046

