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INTRODUCTION 

Cassava (Manihot esculenta, Crantz) is a starch-

containing root crop, traditionally processed into several 

food staples and serve as major sources of calories for 

people in Sub-saharan Africa (Ogunyinka and Oguntu-

as, 2020).  Cassava is unfortunately highly perishable 

because of its high moisture content and therefore be-

gins to degenerate, usually two or three days after har-

vest. The roots contain about 70% moisture, making it 

difficult and expensive to transport it (Morgan and 

Choct 2016). Additionally, fresh cassava contains cya-

nide making it too toxic to humans and animals in the 

raw state. When processed, the cyanide contents of 

cassava is drastically reduced. Processing of the tu-

bers is normal traditional practices used to turn cassa-
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va into useful edible food staples. In Ghana, the majori-

ty of cassava tubers are processed into several food 

staples like ‘gari’, cassava dough (agbelima), cassava 

flour and starch. The tubers are also prepared into 

readily eaten foods such as ‘fufu’, ‘kokonte’ and 

‘attieke’ (also spelt ‘acheke’). Gari is one of the most 

shelf-stable cassava-processed foods, mostly done on 

a small scale, with 8 – 10% moisture ( James et al., 

2012).  

The key processing steps involved in gari production 

(peeling, washing, grating, pressing and fermenting, 

dewatering, sieving and frying) as well as the inefficient 

accompanying handling practices of the byproducts (for 

example, the peels and spent liquid waste), usually pre-

sent several occupational-related hazard conditions to 

the small-scale gari producers. These health hazards 

include inhalation of cyanide and smoke (Frca and Frca 

Fficm (2015). Adenugba and John (2014) reported knife 

cuts, ergonomic hazards, eye irritations, and exposure 

to intense heat and smoke as some additional occupa-

tional hazards associated with cassava processing into 

gari.  

The generation of the spent liquid waste, derived from 

the dewatering stage during the processing of cassava 

into gari is one of major concern. At most sites where 

cassava is being processed into gari, this spent liquid 

waste is allowed to flow into the surrounding environ-

ment, usually into small dugouts close by the pro-

cessing sites, without any conscious attempt to treat 

and/or redirect it. This indiscriminate and continuous 

disposal could have dire consequences on the environ-

ment (Obueh and Odesiri-Eruteyan, 2016). 

In Ghana producers of gari, work in less-ventilated 

sheds and often exposed to high levels of hydrogen 

cyanide (HCN) that are evaporating during the frying of 

the cassava grits (Oyinkan  et al., 2016). Skin irritation 

(itchiness) as a result of cyanide present in the cassava 

coming in contact with the skin (Adenugba and John, 

2014) have been reported. Graham and Traylor (2020) 

reported that the exposure to cyanide inhibits the use of 

oxygen by the human cells resulting in death of these 

cells. Smoke from the fire also irritates the eyes, nose 

and throat (Juntarawijit and Juntarawijit (2019) of the 

processor, causing difficulty in breathing ( Neghab et 

al., 2017). Similarly, the heat from the fire results in in-

creased irritability and loss of concentration and the 

ability to do mental tasks (CCOHS, 2014). 

Environmental problems are associated with the indis-

criminate discharge of cassava effluent. These include 

eutrophication of slow moving water leading to oxygen 

depletion and death of aquatic life (Omotosho  and 

Amori 2015).  Cassava effluent is also reported to inhib-

it seed germination and seedling growth of Zea mays, 

Sorghum bicolor and Pennisetum americanum as well 

as the death of plants with continuous release into the 

environments (Akpokodje et al., 2018). Processing of 

cassava into gari is mostly done in the southern part of 

Ghana. However, the effluents from mash cassava are 

improperly or dangerously disposed off, with little disre-

gard for safety measures, which exposes processors 

and the environment to health risks. Unfortunately, 

there is little documented information on occupational 

exposure, safety measures, and environmental impact 

of cassava processing into gari in these parts of Gha-

na. This study therefore aimed at assessing the poten-

tial occupational health risks, environmental effects and 

the pattern of use of personal protective equipment 

(PPE) during the processing of cassava into gari in 

southern parts of Ghana.  

MATERIALS AND METHODS 

Study area and data collection 

A survey was conducted in three cassava producing 

districts in Ghana: the Awutu-Senya, Central Tongu 

and Ayensuano Districts; located in the Central, Volta 

and Eastern Regions of Ghana, respectively. These 

districts were selected based on their levels of cassava 

production and processing. Each district was segment-

ed into three clusters, from which respondents were 

randomly sampled. A pre-tested semi-structured ques-

tionnaire was used to investigate the awareness of oc-

cupational and environmental health hazards associat-

ed with the processing of Cassava (Manihot esculenta,) 

into Gari, and factors that influence the wearing of per-

sonal protective equipment. Ninety (90) small/medium-

scale gari producers served as respondents (ten (10) 

from each cluster).  

Data analysis 

The statistical package for social sciences (SPSS) soft-

ware version 17 was used to analyse the mean of re-

sponses. The probit model was employed due to the 

nature of the decision variable; whether gari producers 

wore protective equipment during processing or other-

wise. The probit model is the most appropriate analysis 

tool for a dichotomous outcome (1 = Yes and 0 = No). 

The probit distribution has the advantage in the analy-

sis of dichotomous outcome variable, which is extreme-

ly flexible. The probit model was used to assess the 

operational habits exhibited by gari producers and fac-

tors that influence the value addition of effluent.  

RESULTS  

Demographic information of respondents 

Table 1 presents the demographic characterization of 

the respondents in the study area. The results showed 

that females dominated (78.9%) in the gari producing 

industry, with only 21.1% being males. The majority 

(37.8%) of the respondents had ages between 40 – 49 

years. A total of 60% respondents' age fell within 30 – 
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49 years; whereas, 2.2% were 70 years and above. 

The respondents' education characteristic indicated 

that the majority (68.9%) of the respondents had formal 

education. However, only 10% of the respondents had 

secondary and tertiary education.  About 31.1% of the 

respondents had no formal education.  

Respondents experience in the processing of  

cassava into gari 

Results showed that all respondents (100%) produced 

gari for commercial purposes (Table 2). In addition, the 

majority (91.1%) of respondents were engaged in other 

economic activities, with only 8.9% of the respondents 

processing cassava into gari as their sole occupation. 

The livelihood diversification of gari producers enabled 

them to generate multiple streams of income to sustain 

their households. Majority of the respondents (84.6%) 

had 6 years and above experience in gari processing 

with 44.5 % haven experience of 6 – 15 years (Fig. 1). 

This clearly showed that majority of gari producers in 

the study area had adequate experience in processing. 

It is therefore likely that their adoption levels of technol-

ogies such as improved stove will be high. Results 

showed that 33.3% of the respondents processed an 

average of 100kg – 250kg of cassava mash per week 

(Table 2) with only 3.3% processing 900 – 1050kg per 

week.  

Gari producers’ perception and training on  

occupational health risk  

The majority (97.8%) of the processors perceived gari 

production to be hazardous to their health with only 

2.2% perceiving otherwise. However, only 16.7% wore 

the dress that protected their hands and legs. The gari 

producers identified some health hazards included in-

halation of smoke, intense heat from the furnace, and 

boulder accident. Results indicate that only 5.6% of 

respondents had received some training on ways to 

mitigate occupational health hazards and how to con-

struct improved stoves with 94.4% of them without any 

training.  

Measures employed in preventing/minimizing  

occupational health hazards 

The majority of respondents (60.0%) took some 

measures to prevent or minimize cuts and bruises, 

Variable  Description Frequency Percentage (%) 

Gender 
Male 19 21.1 

Female 71 78.9 

Age 

20 – 29 12 13.3 

30 – 39 20 22.2 

40 – 49 34 37.8 

50 – 59 16 17.8 

60 – 69 6 6.7 

≥ 70 2 2.2 

Formal Education 

None 28 31.1 

Primary School 26 28.9 

Middle School/ JHS 27 30.0 

SHS 7 7.8 

Tertiary 2 2.2 

Table 1. Demographic information of gari producers in southern Ghana. 

Variable   Frequency Percent 

Commercial purposes 
Yes 90 100 

No 0 0.0 

GP as sole occupation 
Yes 8 8.9 

No 82 91.1 

Average kg of cassava mash 
processed in a week 

< 100 2 2.2 

100 – 250 30 33.3 

300 – 450 28 31.1 

500 – 650 23 25.6 

750 – 850 4 4.4 

900 – 1050 3 3.3 

Table 2. Respondents productivity and purpose of gari production in southern Ghana. 

GP = Gari Production 
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while 37.8% did not take any measure.  Only 5.6% of 

respondents used strong and secured ropes around the 

fingers to prevent cuts and bruises while 12.2 used less 

sharp knives to prevent cuts. To prevent skin irritations, 

only 16.7% of the respondents indicated they wear pro-

tective cloths. The majority (68.9%) of them did not 

take any measure to prevent skin irritation with 18.9% 

of them taking some caution. The majority of respond-

ents (58.9%) employed no measure to prevent or mini-

mize smoke inhalation from the furnace during pro-

cessing. Only 17.8% seat behind a high mud wall parti-

tioning the processor and furnace, while 10% of the 

respondents indicated they take time off during produc-

tion to prevent or minimize smoke inhalation. Similarly, 

the majority of gari producers (45.6%) take a high level 

of caution and attentiveness as a means of preventing 

or minimizing burns. A few gari producers (4.4%) 

placed rags at the rim of the pan in order to prevent or 

minimize burns. Only 8.9% of respondents regularly 

took breaks or run shifts (to manage fatigue) to mini-

mize burns. 

Factors influencing processors’ awareness of  

protective clothing 

The majority of the respondents (68.9%) had no aware-

ness of protective equipment as applicable to their 

work, with only 31.1% having awareness. Table 3 pre-

sents probit regression results to determine factors that 

influence processors’ awareness of wearing protective 

equipment when processing cassava into gari. From 

the Table, education, knowledge of hazardous of gari 

processing, training on occupational health hazard and 

a visit to health facility relating to condition sustained at 

work influence awareness of wearing protective equip-

ment.  The pseudo R2 of 0.401 implied that the inde-

pendent variables jointly influenced 40.1% of the varia-

tion that occurred in the dependent variable (processors 

awareness of protective clothing) in the model.  

The education of gari producers significantly (p < 0.01) 

influenced the awareness of wearing protective equip-

ment (PPE) during processing. The result implies that 

the probability of a processor being aware of PPE dur-

ing processing increases education attainment. A pro-

cessor's education increases his/her knowledge about 

the harmful effects of exposure to heat for long hours 

and cassava effluent containing cyanide. For each addi-

tional educational level, individuals were 3.8% more 

likely to be aware of protective equipment. Processors 

with knowledge of hazardous of gari production were 

36.7% more likely to be aware of wearing protective 

equipment. Processors who had training on occupation-

al health hazards associated with gari production were 

Fig. 1. Years of experience of respondents in gari  
production in southern Ghana.  

Variable Coefficient P-value Marginal Effect 

Gender 0.297 0.359 0.097 

Age -0.216 0.513 -0.071 

Education 0.027 0.004** 0.038 

Length of gari production 0.091 0.490 0.030 

Knowledge of hazardous of  gari pro-
cessing 

1.812 0.003** 0.367 

Training on occupational health hazards 0.291 0.031* 0.134 

Visit to health facility relating to condition 
sustained at work 

0.353 0.019* 0.115 

Constant -1.103 0.089   

Regression Diagnostics       

Log likelihood -46.701     

Pseudo R2 0.401     

LR chi2 (7) 18.20     

Prob> chi2 0.011     

*indicates 5% significance level; **indicates 1% significance level  

Table 3. Factors influencing processors awareness of protective clothing in southern Ghana. 
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13.4% more likely to be aware of protective equipment. 

Similarly, those who had ever visited a health facility 

concerning a health condition sustained at work were 

11.5% more likely to be aware of protective equipment. 

Factors influencing the wearing of protective  

equipment 

For personal protective equipment (PPE), only 3.3%, 

16%, and 17.8% used footwear, working gear and coat, 

respectively (Table 4) during production. Table 9 pre-

sents probit regression results to determine factors that 

influence gari producers’ decision to wear protective 

equipment. From the Table, years of processing experi-

ence, knowledge of health risk associated with gari 

production, awareness of protective equipment and 

visit to health facility relating to condition sustained at 

work had a positively significant (p < 0.01) influence on 

wearing of PPE during the processing of cassava into 

gari. However, training on occupational health hazards 

negatively influenced the wearing of PPE. Location, 

gender, education and age did not influence the wear-

ing of PPE by processors. For each increase in experi-

ence in gari production, processors were 2.4% more 

likely to wear PPE. The result implies that the probabil-

ity of gari producers using PPE increases with an in-

crease in years of experience in gari production.  

Processors with knowledge of hazards associated with 

gari production were 5.5% more likely to use protective 

equipment. The result implied that the probability of a 

processor using PPE during gari production increases 

with knowledge of cassava processing hazards. 

Knowledge of health hazards will motivate wearing of 

protective equipment during processing. Similarly, 

awareness of protective equipment was 6.5% more 

likely to increase its use. Respondents who visited a 

health facility in relation to health condition related work 

were 11.7% more likely to wear PPE. However, individ-

uals who had training on occupational health hazards 

associated with gari production were 9.8% less likely to 

use PPE. Respondents reported health conditions such 

as dizziness, induced fever, severe aches and pains, 

induced diarrhea, deep cuts, boulder accident, eye irri-

tation and skin rashes, of which they sought health 

care. 

Environmental hazards associated with cassava 

effluent 

The majority (80%) of respondents discharged their 

effluent into the environment. None of the respondents 

treated their effluent before discharge. About 20% of 

respondents kept their effluent for later use. Some envi-

ronmental effect of the effluent reported by the re-

spondents included bad odour (87.8%), destruction of 

vegetative cover where effluent is discharged (96.7%), 

death of some trees (10%) and loss of soil productivity 

(43.3%). Out of the 20% of processors who kept their 

effluents for later use, 66.7%, 66.7% and 50% utilized 

the effluent in weed control, tapioca (dried white flakes) 

making and starch, respectively. About 8.1% and  

5.5% used it in making cassava biscuit and chalk,  

respectively. 

Factors that influencing processors’ decision to 

keep the effluent for later use 

Table 5 presents probit regression results to determine 

factors that influence processors’ choice to keep the 

Variable Coefficient P-value Marginal Effects 

Location -0.066 0.812 -0.003 

Gender -0.403 0.430 -0.158 

Age -0.168 0.440 -0.007 

Education -0.047 0.836 -0.002 

Experience in gari production 0.624 0.002** 0.024 

Knowledge of gari processing to be hazardous 15.235 0.000** 0.055 

Training on occupational health hazards -16.420 0.000** -0.098 

Awareness of protective equipment 1.235 0.006** 0.065 

Visit to health facility relating to condition sus-
tained at work 

0.906 0.010** 0.117 

Constant -17.862 0.000   

Regression Diagnostics 

Log pseudolikelihood -37.243     

Wald chi2 (9) 1148.08     

Prob> chi2 0.000     

Table 4. Factors influencing the wearing of protective equipment in southern Ghana. 

**indicates 1% significance level 
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effluent for later use. The pseudo R2 of 0.303 indicated 

that 30.3% of the variation in the dependent variable 

(effluent kept) was jointly influenced by the model's 

independent variables. The empirical results showed 

that location, experience in cassava processing, ob-

served effects of effluent discharge on the environment, 

and awareness of value addition significantly (p < 0.05) 

and positively influenced processors decision to keep 

effluent for later use. Gari producers located in Central 

Tongu were 8.7% more likely to keep the cassava efflu-

ent for later use than respondents from other locations. 

With an increase in years of experience in cassava 

processing into gari, processors were 8.2% more likely 

to keep the effluent for later use. Respondents who had 

observed the untreated effluent's environmental effects 

were 15.1% more likely to keep the effluent. Similarly, 

processors with an awareness of value-added options 

for the effluent were 18.1% more likely to keep the  

effluent. 

DISCUSSION 

The higher number of females than males in the gari 

production industry could be attributed to that fact that 

women play a principal role in food processing and the 

wholesomeness of food (Obeng-Ofori and Boateng, 

2008). This is in line with the findings of Quaye et al.

(2009), who reported an average of 94.5% female in-

volvement in cassava processing and the result of 

Mensah et al. (2020), who reported that about 98% of 

female farmers carried out hauling of crops in semi-arid 

Ghana. This high percentage of female involvement 

could largely be explained by the Ghanaian society’s 

firmly rooted perception of food handling (processing 

and cooking) to be the responsibility of the female, as 

seen in many Ghanaian homes and eateries 

(Akabanda et al., 2017). 

The majority of the respondents are within the most 

active years (30 - 49) of life. This might be due to the 

labour-intensive nature of cassava processing and high 

exposure to health hazards, hence less attractive to 

people above 50 years (Adenugba and John, 2014).  In 

advanced age, tolerance to health risk conditions was 

minimal, which suggested the low involvement of peo-

ple with age group ≥50 years as argued by Yidana et 

al. (2013). The finding in this study was in line with Aka-

banda et al., (2017), who reported in research conduct-

ed that only 20 % of people within this age group are 

involve in food processing and handling. 

Higher education level is reported to have a link with 

access to information on improved technologies and 

production challenges (Paltasingh and Goyari 2018) 

and health. Many studies showed a positive relation-

ship between the education level of the household 

head and the adoption of improved technologies 

(Danso-Abbeam et al., 2017; Deressa et al., 2009). 

Bello et al.(2013) argued that low-level education of 

cassava processors had implications on adopting mod-

ern technology. Conversely, the section of respondents 

who had higher-level education indicated likely ease of 

understanding of information. This educated group 

could serve as focal points in disseminating information 

Variable Coefficient P-value Marginal Effect 

Location (Central Tongu) 0.426 0.047* 0.087 

Gender 0.716 0.174 0.145 

Age -0.166 0.420 -0.034 

Education 0.276 0.118 0.056 

Experience in cassava processing 0.404 0.029* 0.082 

Observed effects of effluent discharge on 
the environment 

0.745 0.042* 0.151 

Awareness of value addition options 1.012 0.020* 0.181 

Constant -4.097 0.013   

Regression Diagnostics       

Log likelihood -31.414     

Pseudo R2 0.303     

LR chi2 (7) 27.24     

Prob> chi2 0.0003     

*indicates 5% significance level 

Table 5. Probit results on factors influencing processors’ decision to keep effluent for later use. 
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to individuals of a lower education level or no  

education. 

The low number of gari producers receiving training 

indicated that the stakeholder institutions had not given 

much attention to address issues of occupational safety 

and health (OSH). Comparatively, much effort has 

been geared towards equipping farmers and proces-

sors with improved cassava varieties to maximize their 

outputs and profits (as with the Root and Tuber Im-

provement Programme [RTIP]) (Quaye et al., 2009), 

while issues of occupational safety and health seem 

marginalized. 

The diverse responses given by the processors con-

cerning measures they employ to prevent or minimize 

the occurrence of health hazards points to the fact that 

gari producers are aware of some dangers they are 

exposed. The high percentage of respondents with ‘no 

measures’ in minimizing the health hazards suggests 

that stakeholder institutions have done little in dissemi-

nating appropriate information to mitigate health risks. 

The Processors who took some measures such as put-

ting rags at the rim of the pan in order to prevent or 

minimize burns regularly took breaks or run shifts at-

tested that the measures were effective in minimizing 

the intensity of the hazards or risks. This finding was in 

line with Adenugba and John (2014) findings which 

reported that gari producers attributed some hazards 

such as cuts to bad attitude to work. 

None of the respondents made use of hand gloves and 

nose masks. This was in contrast with Adepoju1 et al. 

(2019) findings which reported that 76% of the gari pro-

ducers often used overall during gari frying to prevent 

skin irritation in Oyo State, Nigeria. Respondents at-

tributed the less usage of the overall working gear and 

coat to considerable discomfort they experienced when 

using them. The high atmospheric temperature, cou-

pled with intense heat emanating from the furnace, hin-

dered the frequent usage of this PPEs. However, the 

usage mitigated the skin irritations experienced when 

cyanide-laden cassava mash comes in contact with the 

skin and burns. Lucas et al.(2014) reported that heavy 

physical workloads and/or protective equipment create 

strenuous and potentially dangerous thermal loads for 

the worker during hot and humid climatic conditions. 

Hot and humid conditions create a thermal heat ex-

treme as heat loss from the body to the environment 

becomes increasingly difficult (Lucas et al., 2014). 

Bishop et al. (2013) also reported that thermal comfort 

was key in using protective equipment.  

The result implied that the probability of gari producers 

using PPE increased with increased years of experi-

ence in gari production. This result is in line with the 

finding of Okoffo et al. (2016), who reported an influ-

ence (but negative) of years of farming experience on 

wearing of protective equipment by cocoa farmers in 

Ghana. Processors with knowledge of hazards associ-

ated with gari production were 5.5% more likely to use 

protective equipment. The result implied that the proba-

bility of a processor using PPE during gari production 

increases with knowledge of cassava processing haz-

ards. Knowledge of health hazards will motivate the 

wearing of protective equipment during processing. The 

effluent's environmental effect such as bad odour, de-

struction of vegetative cover where effluent is dis-

charged, death of some trees, and loss of soil produc-

tivity reported by the respondents might be due to the 

high content of cyanide.  

Conclusion  

It can be concluded from the findings of the above 

study that gari producers were aware of the health risks 

associated with the industry. However, very few of 

them took measures to reduce or mitigate exposure to 

health risk and reduce cassava effluent's environmental 

impact. These can be attributed to processors lack of 

technical knowledge and inadequate training on safety 

measures. Women highly dominated the gari produc-

tion industry in Ghana. Due to the labour-intensive na-

ture and exposure to health risks, the involvement of 

older people (above 60 years) is low. Training and edu-

cation on occupational safety and health risk and the 

usage of PPEs were low. Some of the environmental 

effects of mill cassava effluent identified by the gari 

producers were; reduction in soil productivity, destruc-

tion of vegetation cover, the killing of trees and bad 

odour. However, most processors did not treat effluents 

before discharge into the environment. Only 20% of the 

processors added value to the effluent. Stakeholder 

institutions should provide training on occupational 

safety and health (OSH) and guidelines relating to cas-

sava wastewater treatment and discharge.  
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