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Abstract 

Environmental Pollution has become a world problem and has increased drastically in volume as human 
activities increases and as more countries continue to industrialize and industrial output expands. 
However, both developed and developing countries are increasingly encouraged to participate in 
sustainability movement through various strategies for future generation. Green procurement, the 
purchasing of environmentally sustainable product and services is one of these strategies. Tanzania as one 
of world countries is facing environmental problems due to stated reasons therefore set forward strategies 
to reduce environmental problems,  among those being Green procurement 
 
This study aimed at assessment of green procurement practices in Tanzania. It focused on assessment of 
the extent of awareness of green procurement practices in Tanzania,   extent of application, factors 
hindering its application and strategies for its effective implementation. Key respondent were procurement 
officers of various firms, Questionnaires and Interview were used to collect data. Results of the study 
revealed that, though awareness of respondents were satisfactory, but level of application of green 
procurement practices of many firms was low. Factors hindering its application among others were mainly 
lack of commitment of top management and lack of education on green procurement issues. For effective 
implementation of green procurement practices, it was recommended that green procurement policy in 
the country be effectively adhered to. People should be educated and encouraged to use green product and 
services for good environmental stewardship. 
 
Keywords:  Green procurement, Green procurement practices, Sustainable development. 

 

1.0   INTRODUCTION 
 
Tanzania as many world countries is 
experiencing Environmental problems due to 
increased human activities and as volume of 
industrial output expands, (Katima et al, 2000). 
Also environmental problems that many 
nations are facing are due to product and 
services we purchase and use in our daily life. 
The world has observed various strategies 
imposed by governments in environmental 
conservation movement for future generations; 
among those is Green procurement, the 
purchasing of environmental friendly product 
and services. 

 
 

Public and private authorities are the major 
consumers of goods and services, Driscoll et al, 
(2010). Such a pattern renders them an 
important market player and gives them the 
power to substantially influence market 
demand. By integrating proper environmental 
criteria in the procurement procedure, the 
measures would help to stimulate ecological-
market and motivate the industry to innovate.  
 

Greening the procurement process does not 
only benefit the environment but it also 
contributes to improve the image of public 
procurement Bouwer et al,(2005). Thus, taking 
health and environmental aspects into account, 
when spending public money would reflect 
citizens’ general expectations thereby prove 
credibility of citizens’ representatives. In 
addition to these ‘soft’ benefits, green 
procurement may also bring more ‘tangible’ 
economic gains, since environmentally friendly 
purchasing is linked to saving materials and 
energy as well as reducing waste and pollution.  

  
2.0   TANZANIA TOWARDS GREEN 

PROCUREMENT 
 
Tanzania like other countries has imposed 
various environmental management systems 
for environmental conservations, including 
green procurement, several environmental 
policies, legislation and many other plans. 
These have been put in place to ensure that 
environmental pollution is as minimum as 
possible. Rules governs green procurement 
suggests that, emphasis should be imposed to 
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evaluate products not only based on quality, 
function design and price  alone but should also 
consider environmental criteria such as 
prevention, precaution, integration productivity 
and participation of product on environmental 
conservation. Some efforts done by Tanzania to 
conserve environment includes initiation of the 
following Legislations, policies, programs and 
projects-; 
 
2.1  Energy Policy 1992 and revised in 2003) 
Its objective is to exploit the abundant hydro 
electric recourses, develop utilization of natural 
gas, coal and many others so as to arrest use of 
wood as alternative to other source of fuel. 
 
2.2   Sustainable Industries Development 

Policy, (SIDP), 1996-2020. 
Its aim is to ensure industrial sector develop in 
a sustainable manner in due regard to 
environmental consideration for such as use of 
friendly products or inputs and proper 
discharge of effluents. 
 
2.3  National Environmental policy (1997) 
Aimed at developing consensual agreement at 
all levels for the challenge of making tradeoff 
between immediate economic benefits to meet 
short term and development need long term 
but with sustainability benefits. 
 
2.4   Initiation of Environmental 

Management Act no20 of 2004. 
Environmental Management Act (EMA) was 
officially enacted on 8th February 2005. The Act 
provided legal and institutional framework for 
sustainable management of environment. Its 
initiation yielded the directorate under 
president’s office of a division responsible for 
environmental and advisory body: the National 
Environmental Management council (NEMC). 
 
2.5   Establishment of Tanzania Bureau of 

Standards(Act no.3 of 1975) 
Tanzania Bureau of Standards (TBS) 
was established under the Ministry of Industry 
and Trade by an Act of Parliament, the 
Standards Act No.3 of 1975 to oversee 
standards on many areas to find out whether 
locally or imported products conform to 
national and international standards. Through 
this bureau, consumers of both local and 
imported products and services are assured of 
their safety also environmental aspects are 
considered to ensure that products are friendly 
to the environment. 

 
Despite all these efforts done by Tanzania 
government, still we observe abundant 
environmental pollution most of which being 
caused by product and services we purchase 
and use in our daily life, this study have 
identified the extent of awareness of Green 
procurement, extent of application of Green 
procurement, problems hindering application 
of Green procurement and factors that may 
assist in its effective implementation 
 
3.0   METHODOLOGY 
 
3.1   Study Area  
The study was conducted in Dar es Salaam 
region, Coast (Pwani) region and Morogoro 
Municipality. It covered Local government 
Authorities, Private entities and Parastatal 
organizations. Head of procurement units and 
related personnel were given questionnaires 
and were interviewed. Those areas were 
chosen by researcher as he considered them to 
have sufficient number of procurement entities. 
Also the areas were considered to be among the 
most industrialized areas in Tanzania with a 
number of production, manufacturing and 
processing activities. Due to many activities 
carried and high population, the areas were 
highly prone to pollution caused by procured 
items for services and production purposes as 
well as items for use by individuals. 
 
3.2   Data collection                                                               
In this study questionnaires and interviews 
were used as source of data, the questionnaires 
covered several sections that included 
respondents’ personal profiles and their 
experience as well as opinions on green 
procurement practices in Tanzania.  
 
Furthermore, a Likert Scale was used in 
measuring respondents’ views on awareness of 
green procurement practices, application of 
green procurement practices, factors hindering 
application of green procurement practices as 
well as strategies to be imposed to apprehend 
green procurement practices in Tanzania. 
 
3.3  Data Analysis Plan  
The data that were obtained through rating 
scales were recorded and total scores by major 
sections or items representing clusters were 
then computed.  Such quantitative data were 
analyzed using Statistical Package for Social 
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Sciences (SPSS) software in which descriptive 
results were presented. 
 
4.0   RESULTS AND DISCUSSION 
. 
4.1    Response Rate and Structure of Data 

Collection 
In data collection, a sample population to whom 
the questionnaires were addressed to was 115. 
Out of these, 94 questionnaire copies were 
returned completely filled. Questionnaires were 
divided into two groups. The first group was 
given to procurement stakeholders, whose 
nature of their business is manufacturing, 
processing, or production related activities. 
They were distributed to heads of procurement 
units in their undertaking and heads of sections 
with mandate of ordering or purchasing of 
goods for their consumption in production or 
services. The researcher was interested to 
know respondents understanding of Green 
procurement practices and if they applied the 
practices in their procurement procedures. 
 
 

4.2   Respondents’ Awareness on Green 
Procurement 

In order for researcher to understand 
respondents’ awareness on green procurement, 
researcher sought to know their general 
understanding of green procurement, their 
awareness on deliberation of purchasing green 
products in their daily purchases and their 
consciousness on effects of purchased products 
on polluting the environment as well as the 
respondents’ perception on the  factors of  
green procurement practices. 
 
4.2.1  General knowledge of Green 

Procurement and Green Procurement 
Practices 

Out of 94 respondents, 78 (83percent) had 
general understanding about the term green 
procurement and 16 (17percent) had no idea at 
all about green procurement, as fig.below 
portrayed. This depicted that most respondents 
had general understanding about green 
procurement. 
 

 
Figure 1:   Respondents' General Understanding of Green Procurement. 

 

4.2.3  Extent of Application of Green 
Procurement Practices 

In order for the researcher to identify the 
extent of application of green procurement 
practices, he first sought to know if the 
organizations he visited had procurement 
policy. He believed that, for any procurement 
strategy to become successful there had to be a 
policy such that the programs legislation to 
implement, control, monitoring and 

measurement would be clearly stated in it. Also, 
the researcher extended his views to 
investigate the extent of application by 
extracting factors of green procurement 
practices from literature review and applied 
those to find out the extent of application 
respondents were able to adhere to in their 
procurement procedures. 
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Table 1:  Presence or Absence of Green Procurement Policy 
Green procurement policy 

  Frequency Percent Valid Percent Cumulative Percent 

Valid No 10 10.5 10.6 10.6 

Yes 84 89.5 89.4 100.0 

Total 94 100 100.0   

 

Table 1 shows that, among 94 respondents who 
returned the questionnaires, only 10 
(10.6percent) declared not to have any green 
procurement policy in their work places. The 
rest (89.4 percent) report that they had a green 
procurement policy in their work places. These 
results gave a clear picture that; many firms 
had green procurement policy. 
 
4.2.4 Level of application of green 

procurement 
The researcher also assessed application level 
of green procurement practices; the extent to 
which people  applied green procurement 
practices were measured by a 5-point Likert 
scale (with 1 being not at all and 5 applying  
 

 
 
very much). In due regard, some factors 
addressed on green procurement practices 
were considered as extracted from literature 
review and that being aware about such factors 
help to judge the extent to which respondents 
applied green procurement practices. 
Addressed factors included those narrated in 
Table below, but before the researcher used 
those factors, non-parametric test was 
conducted to see if those factors had enough 
values to be used as factors for application of 
green procurement practices. Results are 
presented in table 2. 
 
 

 
Table 2:   Non-parametric Chi-Square test for factors of application of green procurement 
practices 
Factors for application of Green procurement Chi-square df Asymp.sig 
Organization of green procurement policy 18.979a 4 .001 
Commitment to use greener products and services 11.319a 4 .023 
Commitment to comply to green procurement purchasing 13.447a 4 .009 
Organization of green procurement objectives and 
targets 

30.043a 4 .000 

Procedure to deal with green procurement problems 33.872a 4 .000 
Role and responsibility of everybody in all level of 
organization to ensure greener production and service 

20.609b 4 .000 

Procedure for ensuring green procurement 
implementation in the Organization 

23.652b 4 .000 

Internal and external communication process for greener 
procurement in the organization 

16.261b 4 .003 

 
 
Table 2 shows that, all factors for application of 
green procurement practices were statistically 
significant at 0.01 levels, except for 
commitment to use greener products and 
services and commitment to comply to green 

procurement purchasing. Therefore, the factors 
had enough values to measure the extent of 
application of green procurement practices 
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Table 3:  Descriptive Analysis of the Level of Application of Green Procurement Practices
 
Elements of green procurement practices N Mean Std. Deviation 

Organization of green procurement policy 94 2.77 1.623 

Commitment to use greener products and services 94 2.87 1.560 

Commitment to comply to green procurement purchasing 94 2.87 1.547 

Organization of green procurement objectives and targets 94 2.68 1.581 

Role and responsibility  of everybody in all level of 

organization to ensure greener production and service 

94 2.93 2.116 

Internal and external communication process for greener 

procurement in the organization 

94 2.67 1.527 

Procedure to deal with green procurement problems 94 2.64 1.639 

Procedure for ensuring green procurement 

implementation in the organization 

94 2.76 1.613 

Valid N (list wise) 94   

Grand mean            2.77  

 
From Table 3 results show that, application of green procurement was low (Grand mean =2.77, which 
is below that obtained from Likert scale = 3). 
 
4.3  Problems That Hinder Application of 

Green Procurement Practices in 
Tanzania 

Many organizations in all countries that have 
established green procurement for 
enhancement of environmental sustainability 
have faced many difficulties and challenges in 

planning, implementing, monitoring and 
control of the set factors of green procurement 
before they yielded the expected results (Yang 
and Zhang, 2015). The researcher rated 
problems of green procurement by Likert scale 
(1= Not at all, 2=very little; 3=low; 4=to some 
extent; and 5=to the great extent). 
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Table 4:  Descriptive Results on Problems that Hinder Application of Green Procurement 
Practices 

 
 
Table 4. shows that, all ten factors that affect 
green procurement are statistically significant. 
They have grand mean equal to 4.02, which is 
above that obtained from Likert scale=3. 
 
4.4  Effective Strategies for Successful 

Implementation of Green Procurement 
Practices in Tanzania 

In order for the researcher to establish effective 
strategies that may assist in implementation of 

green procurement, eight elements of green 
procurement practices were established from 
literature review.  Respondents were required 
to rate them by Likert scale that, being aware 
about such factors would help to judge the 
extent to which those factors may assist in 
effective implementation of  green procurement 
practices with 1 denoted ‘not at all,’ 2 ‘very 
low;’ 3 ‘low,’ 4 ‘to some extent’ and 5 ‘to a great 
extent’.  Results are  presented in table below. 

 
Table 5:  Descriptive Results for  Strategies for Effective Implementation of Green Procurement 
Practices 

Descriptive Statistics 

Effective strategies for Implementation of Green procurement 
Practices 

N Mean Std. Deviation 

 Top management commitment to the green procurement policy 
and plans 

94 4.43 1.032 

 Training and awareness creation on green procurement 
practices 

94 4.34 1.022 

 Clear definition of responsibilities and authorities of personnel 
whose activities have impact on green procurement 

94 4.32 1.099 

 Effective internal communication on green procurement 94 4.26 1.126 

 Proper documentation of all green procurement practices 
reports 

94 4.11 1.082 

 Operational control and emergency preparedness and response 
to green procurement practices 

94 4.13 1.148 

 Adequate human and financial resources 94 4.22 1.197 
                                                          Grand Mean         4.24  

 
 

 

 
Problems hindering application of green procurement 
practices 

N Mean Std. Deviation 

Lack of motivation on green procurement implementation 
among purchasing staff 

94 3.94 1.285 

Lack of training and awareness among purchasing employees 
on green procurement 

94 4.14 1.188 

Difficult in dealing with green purchasing issues 94 4.14 .990 
Uncertainty in maintaining continuous improvement 94 4.09 1.206 
Lack of commitment on green procurement by top 
management 

94 4.04 1.126 

No legal demand on green procurement practices 
implementation 

94 3.98 1.287 

No competitive advantage on implementation of green 
procurement 

94 4.00 1.097 

Higher cost of implementation of  green procurement 
practices in the organizations 

94 3.77 1.417 

Long time frame to see the results of green procurement 
practices 

94 3.98 1.253 

Poor communication among procurement stakeholders 94 4.10 1.262 
Valid N (list wise) 94      4.02  
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Descriptive results on effective strategies for 
implementation of green procurement practices 
were quite satisfactory as grand mean of the 
attributes for effective implementation of green 
procurement practices was 4.24 which is above 
that obtained from Likert scale [(mean=3) table 
above Those results concur with those of Mette 
Mosgaard, (2008)  who depicted that, 
commitment by top management, education to 
stakeholders and communication are key 
factors to successful implementation for green 
procurement practices. 
 
5.0   SUMMARY, CONCLUSION AND 

RECOMMENDATIONS 
 
The objective of this study was to assess green 
procurement practices in Tanzania. 
 
Summary of the findings were as described 
below. 
 
5.1  Summary 
 
5.1.1  People’s Awareness level on Green 

Procurement and Green Procurement 
Practices 

Results revealed that most (83percent) 
respondents were aware of green procurement 
and green procurement practices. However 
interviewed procurement officers though were 
aware of green procurement practices, the 
application of the practices in their purchasing 
decisions was questionable. Thus, there is 
higher expectation of environmental pollution 
resulting through purchasing non green 
products. There is need for the country to look 
into this matter and apply all efforts to make 
sure that people are educated on green 
procurement and motivated to apply its 
practices. 

5.1.2  The Extent of Application of Green 
Procurement Practices 

The results from the study revealed that, the 
extent of application of green procurement 
practices was unsatisfactory (Grand Mean 2.77 
from Likert scale).  Also it was discovered that, 
despite of governmental policy for green 
procurement, bodies that have been given 
authority to administer various goals, take 
lightly their responsibilities pertaining to green 
procurement. Interviewed procurement officers 
of procurement units of government bodies, 
though were aware of green procurement; they 
seldom apply it. They practiced it to some 

products and services while they did not to 
others for example, in purchasing of company 
cars, company equipments and machineries and 
in tendering for works and services, but when it 
comes to purchase some items as office 
equipments and consumables, very little 
consideration is taken. What they generally 
cared for was the functional requirement, 
quality and price of product or goods. 
 
5.1.3   Problems That Hinder Effective 

Implementation of Green 
Procurement Practices in Tanzania 

Problems that were thought to hinder effective 
application of green procurement practices 
were lack of motivation on green procurement 
implementation among purchasing staff, lack of 
training and awareness among purchasing 
employees about green procurement, 
difficulties in dealing with green purchasing 
issues, uncertainty in maintaining continuous 
improvement, lack of commitment on green 
procurement by top management, legal demand 
on procurement practices implementation, 
competitive advantages on implementation of 
procurement practices, and higher cost of 
implementing green procurement practices in 
the organization. Others included: long time 
frame to see results of green procurement 
practices and poor communication among 
procurement stakeholders, descriptive results 
show that grand mean was 4.2, which is above 
that obtained by likert scale this depicts that 
items mentioned were also problem of green 
procurement practices in Tanzanian.  
 
5.1.4   Effective Strategies for Successful 

Implementation of Green Procurement 
Practices. 

The attributes that were addressed on green 
procurement included: ‘top management 
commitment to the green procurement policy 
and plans’, ‘training and awareness creation on 
green procurement practices’, ‘clear definition 
of responsibilities and authorities of personnel 
whose activities have impact on green 
procurement’. Others included: ‘effective 
internal communication on green procurement 
and operational control and emergency 
preparedness and response to green 
procurement practices’. All were statistically 
significant at 0.01. Based on results, the 
mentioned aspects had enough values to be 
used as effective strategies for successful 
implementation of green procurement practices 
in Tanzania. 
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5.2  Conclusion 
Based on findings from the study, the following 
conclusions are made: 
 
5.2.1 People’s Awareness on Green 

Procurement in Tanzania 
Awareness of heads of procurement units 
seemed very satisfactory. But despite 
awareness on green procurement practices, 
they care little in purchasing consumables, 
office equipments and other items. They were 
supposed to give same weight as when 
purchasing other commodities. Also the study 
has revealed that people’s awareness in buying 
green products is very low. The government has 
to raise Peoples’ moral, attitude and willingness 
to buy green product and use green services. 
 
5.2.2   Extent of Application of Green 

Procurement Practices in Tanzania 
The results from the study show that the extent 
of application of green procurement practices 
in the visited firms was low. This can be used to 
represent the state of green procurement in 
Tanzania.  That means, many firms, despite of 
having green procurement programs and plans 
in their company document, do not actually 
apply them. Even people’s attitude on use of 
green products and services is very little. 
Therefore, there is need for the government to 
build awareness to its people so as to make 
them be devoted to use green products and 
services for environmental conservation. 
 
5.2.3 Problems Hindering Effective 

Application of Green Procurement in 
Tanzanian Firms 

Ten problems hindering effective application of 
green procurement practices were established. 
They included the following: ‘lack of motivation 
on green procurement implementation among 
purchasing staff’, ‘lack of training and 
awareness among purchasing employees on 
green procurement’, ‘difficulties in dealing with 
green purchasing issues’, ‘uncertainty in 
maintaining continuous  improvement’, ‘lack of 
commitment on green procurement by top 
management’, ‘legal demand on procurement 
practices implementation’, ‘competitive 
advantages on implementation of procurement 
practices’, ‘higher cost of implementing green 
procurement practices in the organization’, 
‘long time frame to see the results of green 
procurement practices’, and ‘poor 
communication among procurement 
stakeholders’. All these were found to have 

enough values to measure the extent of 
difficulties imposed on green procurement.  
 
5.2.4   Strategies for Effective Implementation 

of Green Procurement Practices 
For successful implementation of Green 
procurement practices, the researcher 
established effective strategies that might assist 
in implementation of green procurement. Eight 
strategies of green procurement practices were 
established from literature review. However, 
more emphases should be done on most 
significant as ; top management commitment to 
the green procurement policy and plan, training 
and awareness creation on green procurement 
practices, employee empowerment, rewards 
and feedback as well as review stood out and 
application of e procurement strategy. 
 
5.3   Recommendations 
The following are the recommendations based 
on the study 
 
5.3.1  General Recommendations 
Based on findings from the study, the following 
recommendations were drawn:  
i. In order to ensure adherence to green 

procurement, country green procurement 
policy and programs should not remain as 
paper; they should be fully exercised in all 
procurement units. Also the government 
should make effort to ensure that 
responsible bodies help society to identify 
green and non green products and services 
so that the attitudes and behavior of society 
might change by being motivated to use 
green products and services. 

ii. The top management should be well 
committed to green procurement by 
making sure that green procurement 
practices are implemented in all 
organizations for continuous environmental 
improvement. The top management should 
be responsible in providing training and 
awareness creation to procurement officers 
and the government should educate its 
citizens to adhere to green product and 
services for environmental conservation.   

iii. Despite legal framework being in place the 
Government has to ensure accountability of 
all people to adhere to green procurement 
policy and practices to facilitate green 
procurement implementations in all 
procurement units for continuous 
environmental conservation.  
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THE PERFORMANCE OF MARGINAL GRAVEL MATERIALS USED FOR 
SURFACING GRAVEL ROADS: A CASE STUDY OF IRINGA REGION 

Richard R. Mwaipungu and Dhiren Allopi 
Durban University of Technology, P O Box 1334, Durban, 4000, South Africa 

 
Abstract 

This study on the performance of marginal gravel materials employed as surfacing materials for gravel 
roads was done by monitoring existing gravel roads surfaced with marginal gravel materials in Iringa 
region. Four gravel roads surfaced with marginal gravel materials in Iringa region were randomly 
selected in order to obtain empirical results that have general application in Iringa region and those 
regions experiencing the same climatic (moisture and temperature) seasons. To reduce the cost, the 
research was linked with existing gravel roads surfaced with marginal gravel materials. A minimum 
number of six and maximum of eight trial sections of 300 m length on each selected gravel road were 
established and monitored for a period of three years (2011-2013 inclusive). The performance was 
measured and quantified in terms of distress noted during condition survey with particular reference to 
gravel loss. The gravel loss and type of distress prevalent on trial sections were correlated with average 
daily traffic volume, marginal gravel material’s physical characteristics, and climate. The measurement 
of gravel loss was based on optical levelling, while that of distress was done through visual inspection. 
Tests on marginal gravel materials comprised of grading and Atterberg limits. The study came out with 
a gravel loss prediction model. It was noted that, the rate of gravel loss and distress noted on each trial 
section depended on the quality of construction, maintenance input, daily traffic volume, material’s 
physical characteristics, and the geological type of marginal gravel materials used as the wearing 
course. Careful selection of marginal gravel materials at the source and appropriate maintenance 
methodology addressing attributes of distress is necessary to obtain satisfactory performance of the 
gravel roads networks in Tanzania. Finding of the study can be used with other findings in similar 
studies conducted in Tanzania to draft appropriate local marginal gravel materials specifications for 
surfacing gravel roads which should then be subjected to more empirical study for fine tuning. 

Keywords: Marginal materials, gravel loss, prediction model, distress survey, performance, gravel roads 

 
1.0  INTRODUCTION 

Majority of natural gravel materials readily 
available worldwide, including Tanzania are 
marginal, which imply they do not comply with 
the existing specifications adopted for ideal 
gravel materials for surfacing gravel roads 
with regard to particle size distribution and 
Atterberg limits (Taseni 2000:1). Experience 
from studies conducted in South Africa, Brazil 
and United States of America to mention just a 
few countries, have shown that gravel wearing 
course materials for unsealed roads which 
conform to existing empirically formulated 
specification give good performance. 
Nevertheless, similar studies conducted in 
South Africa found that gravel materials which 
were not conforming to those specifications 
also gave better performance. Therefore, strict 
adherence in selecting gravel materials which 
conform to specification derived from one 
region without correlating with the local 
performance in the field may results in the 
rejection of marginal gravel materials which 

may perform as well as those meeting 
specifications. Rejection of marginal gravel 
materials, which are locally available, may lead 
to expensive pavements. For the sake of 
sustainability of gravel roads, there is a need of 
continuous studies to map out appropriate 
characteristics of marginal materials for local 
use as wearing course of gravel roads. 

 
1.1  Deterioration Concepts 

1.1.1  Serviceability 
Serviceability is an indication of the riding 
quality of a pavement (Visser 2008:16). 
Serviceability of a pavement usually decreases 
with time. The rate of deterioration depends 
on the pavement type, climate (temperature 
and moisture) and loading conditions. Figure 1 
shows typical deterioration cycle of gravel 
roads. The rate of deterioration can be checked 
out by appropriate intervention program, 
derived through performance studies of gravel 
roads in question. 

Re-gravelling 
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Figure 1: Deterioration cycle of gravel wearing course thickness  (Source: Paterson 1991:144) 

1.1.2  Pavement performance 

Performance of a pavement is measured in 
part by an indication of user satisfaction. 
Performance is often also taken as the 
accumulated serviceability (Visser 2008:19). 
Pavement performance for gravel roads refers 
to how well the gravel materials employed as 
surfacing layers interact with stresses and 
strains imparted by environment and traffic 
loads. 

 
1.2  Statement of the Problem 

Most gravel materials used in surfacing gravel 
roads in Tanzania are marginal gravel 
materials, which mean they do not meet 
existing gravel wearing course specification. 
Although Tanzania has in place specifications 
for these materials but to a large extent these 
specifications are based on the South African 
ones, and hence do not reflect reality. In order 
to address locally available gravel materials 
according to their appropriateness as wearing 
course materials for gravel  roads there is a 
need to establish specifications for these 
materials based on actual quality of 
construction works, impact of traffic spectrum 
and environment on finished works, and 
subsequent maintenance activities. All these 

can only be captured through performance 
studies. 

 
1.3 Gravel Materials Employed to Surface 

Gravel Roads 
Gravel roads consist of a single or multiple 
layers of gravel materials, marginal or 
standard, depending on the stiffness of 
subgrade (roadbed). Design requirement of 
these roads is determination of appropriate 
thickness of surfacing layer to protect the 
roadbed from adverse effect of traffic loads 
and weathering. Pavement of gravel layer 
thickness must be capable of bearing the direct 
traffic loads and to spread the load so that the 
subgrade is not over stressed as shown in 
Figure 2. The layer should contain enough 
fines to bind coarse particles together so that 
the pavement does not deform or abrade in the 
dry season, while too many fines may make 
the road surface slippery when wet. 
 

The adequate field performance of gravel 
materials, marginal or standard, depends on 
three characteristics which are grading, 
plasticity, and particles interlocking strength 
(Taseni 2000:6). 

Minimum Thickness 

Re-gravelling 

Time 

Gravel 

Thickness 

Design Thickness 



Richard R. Mwaipungu and Dhiren Allopi 

 

The Tanzania Engineer                                            Vol. 14 No. 1, December 2015                                             Page | 12 

 

Figure 2: Function of gravel layer pavement (Source: Anderson, Beusch, and  Miles 1996:8) 

 

An ideal wearing course for unsealed roads 
should have the following attributes (Paige-
Green and Netterberg, 1987, 1988). 

 Ability to provide an acceptable smooth 
and safe ride without excessive 
maintenance (i.e. free from corrugation, 
potholes, ruts and oversize material) 

 Stability, in terms of resistance to 
deformation under both wet and dry 
conditions (resistance to rutting and 
shearing). 

 Ability to shed water without excessive 
scouring. 

 Ability to resist abrasive action of traffic 
and erosion by water and wind. 

 Ability to resist generation of excessive 
dust in dry weather. 

 Have surface that is not excessively 
slippery in wet weather. 

 Low cost and ease of maintenance. 

 
The performance of gravel roads is evaluated 
based on the following criteria (Watanatada et 
al., 1987; Jones, 1984; Beaven et al., 1988; 
Paige-Green and Netterberg, 1987): 

i) Resistance to deformation, ii) Rate of gravel 
loss (GL), iii) Deterioration of riding quality, 
and  iii) Looseness of the surface material. 
 

The above factors are based on the physical 
characteristics of gravel material, traffic 
loading and climate. 

Gichaga and Parker (1988) noted that in spite 
of carrying out materials tests and ensuring 
that the road is constructed according to 
specification there are occasions where roads 
still fail. This implies that parameters tested 
are not sufficiently comprehensive to yield a 
satisfactory performed pavement. There is 
thus a need to monitor road behaviour 
regularly and address those areas of concerns 
so as to improve reliability of the expected 
behaviour of gravel roads based on tests 
carried out during design stage. 

 
2.0  PERFORMANCE STUDY METHODOLOGY 

Two approaches can be used to study 
performance of existing roads. First, complete 
deterioration history of samples of gravel road 
test sections can be obtained by monitoring 
the sections from the time of initial 
construction and maintenance to their 
ultimate failure.  The second approach is to 
sample existing gravel road population at any 
instant of time, and to include in the sample a 
representative collection of roads at different 
states of their design lives. In this study, the 
combinations of both approaches have been 
used to take advantage of their merit. The 
study was done through: Road condition 
survey, Gravel loss survey, Traffic volume, 
Laboratory testing of gravel materials, 
collection of climatic data and modelling gravel 
loss. 
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2.1  Road Condition Survey 

A detailed description of the visual condition 
survey of each 300 m long test section, 
randomly selected from four gravel roads 
under study was carried out during each site 
visit unless the section was wet or had 
recently been graded. For wet sections, which  

 

occurred during the rainy season, only 
drainage, slipperiness and trafficability were 
recorded. Three gravel roads are under the 
management of TANROADS Iringa region 
(Figure 3) and one is under Iringa Municipal 
Council. 

 

 

Figure 3: TANROADS Iringa regional three roads selected for the study (Iringa-Kilolo, Iringa-

Pawaga and Iringa-Msembe) 

 

2.2  Gravel Loss 

Gravel loss was estimated by monitoring 
changes in the elevation of the cross-section 
profile of the gravel road carriageway.  
Monitoring was made between each pair of 
pegs placed every 20 m along the test sections.  
At each cross-section, the spot height was 
measured at 25 cm intervals using the rod and 
level. The 25 cm intervals were marked 
around a 2 mm diameter nylon string using 
masking tape. 

The width of the carriageway was determined 
at each test section. The average reduced level 
across the defined width was used to estimate 
the height of the gravel wearing course at each 
test section. The same defined width of a 
cross-section was used throughout the 
monitoring period. The change in the average 
height of the carriageway between surveys 
was used as the indicator of change in gravel 

loss. The changes were monitored after 
grading. 

2.3  Laboratory Tests 

Laboratory tests to determine characteristics 
of gravel materials taken from the borrow pits 
used for surfacing the unsealed roads under 
study were conducted according to Tanzania`s 
Central Materials Laboratory (CML) 
procedures. These tests are referred to in the 
TZ-MoW (2000a:2-16). Tests conducted were 
particle size distribution, and Atterberg limits 
(BS 1377: Part 2: 1990 cited in TZ-MoW 
2000a: 2-16).  
 
2.4  Traffic Volume 
In order to evaluate relationship between 
traffic volume, climate and gravel road 
performance it is important to know the traffic 
volume traversing the test sections 
(Mwaipungu 1999:39). In addition to that, 
knowledge on the interaction between 
vehicles and the gravel wearing course is also 
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required to map the gravel materials’ 
performance.  

 
The knowledge of these interactions once 
acquired and translated into action balances 
both vehicle and gravel road design. The end 
result is in minimisation of gravel road 
deterioration and finally total transport costs. 

To establish traffic volume traversing test 
sections, manual classified traffic counts were 
carried out near or between or at each test 
section. 

2.5   Rainfall, Temperature and Relative 
Humidity Data 

Data on rainfall, air temperature and relative 
humidity which cover Iringa region climate 
were obtained from TMA Iringa regional office. 
These data covered monitoring period of this 
study.  
For the purpose of pavement design, the 
climatic condition of Tanzania is grouped into 
three zones (TZ-MoW1999:2.2), namely wet, 
moderate and dry. The demarcation is based 
on the number of months per annum where 
rainfall is higher than evaporation  

 
2.6  Modelling Approach 
The basic framework for analysing 
determinants of a gravel loss prediction model 
in this study was a panel data regression 
model.  
 

According to Cameron and Trivedi (2010:257) 
the best method to obtain a consistent 
estimator is to use a population average (PA). 
Population regression states that the expected 
value of the distribution of GL (dependent 
variables) is functionally related to 
independent variable. In simple terms, it tells 
how the average response of GL varies with 
independent variables (Gujarati 2014:666). 

Thus the final gravel loss prediction model, 
took the form shown in Equation 1. 

3.0   DATA ANALYSIS 

3.1   Particle Size Analysis for Coarse and 
Fine Grained Soils 

According to McCarthy (2007:40) particle size 
and shape are factors that have been found to 
be related to, or affect the material behaviour 
of, soil, to a certain degree. Soils with similar 
particle size distribution curves would, in a 
general sense, be expected to show similar 
engineering characteristics. This remark is 
supported by Scott (1980:9) who asserts that 
from the shape of grading curve, it is possible 
to classify coarse-grained soils and to make an 
estimate of their engineering properties, 
although predictions of soil behaviour based 
on particle size distribution curves should be 
made cautiously. This is due to the fact that 
laboratory-based particle size distribution 
curves do not convey the arrangement, 
particle shape, and packing density of the in-
situ soil. According to Paige-Green (1989:6.3-
6.4) grading analysis of the same type of gravel 
materials, marginal or otherwise, but in 
different locations, will vary considerably 
depending on the conditions and stage of 
weathering. 
 

O`Flaherty (2002:100) noted that results of 
particle size analysis are of most value when 
used for soil classification purposes;  further 
use of the results should be treated with care 
unless verification by performance studies 
permits empirical relationships to be 
formulated. In this study, the analysis of gravel 
particle size distributions was used as one of 
parameters to formulate a gravel loss 
prediction model, and to assess performance 
relationship of gravel materials used as gravel 
wearing course. 
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Figure 4: Typical particle size distribution curve for marginal gravel materials 

 
Figure 4 reveals that all six gravel borrow pits 
materials along the Iringa–Pawaga gravel road 
pass through a 37.5 mm sieve by 100%.  This 
is above the minimum of 95% given by TZ-
MoW (1999:11.3) and TZ-MoW 
(2000b:3000:24) for marginal materials to be 
employed for surfacing unsealed roads.  It 
should be taken therefore, that Figure 4 is 
typical results of particle size distribution for 
all gravel borrow pits deployed to surface the 
gravel roads under study, namely Iringa – 
Msembe, Iringa – Idete, Iringa – Pawaga and 
Don Bosco road in Iringa municipal council. 

 
From the study of gravel materials samples 
taken from borrow pits under study it was 
noted that gravel materials with a high fine 
fraction will in general have a grading modulus 
(GM), value of less than 2.0, while gravel 
materials with a low fine fraction will have a 
GM value of more than 2.0. According to TZ-
MoW (1999:7.4) and TZ-MoW(2000b:3000-
23) GM is defined as 300 minus cumulative 
fractions of materials passing sieves of 
nominal aperture size of 2.0, 0.425, and 0.075 
mm divided by 100. 
 

3.2  Traffic Volume  
The estimated 24-hour classified traffic 
volumes on each site showed that light traffic 
volume ranged from 30-366 vehicles per day 
(vpd), with the average of 122 vpd. Heavy 
traffic volume ranged from 9-47 vpd, with the 

average of 26 vpd. The total average daily 
traffic (ADT) volume was 149 vpd 

3.3  Atterberg Consistency Tests 
Consistency is that property of a soil which is 
manifested by its resistance to flow 
(O`Flaherty 2002:101). In about 1910, Swedish 
soil scientist Albert Atterberg suggested that 
soil consistency should be described by 
arbitrarily dividing a soil`s cohesive range into 
six stages and expressing the limits of each 
range in terms of moisture content. Amongst 
these limits, liquid limit (LL), plastic limit (PL) 
and the shrinkage limit (SL) are the most 
favourable for highway and soil engineers. 
 
A value, usually used in conjunction with the 
LL and PL is the plasticity index (PI). The PI of 
a soil is the arithmetic difference between the 
LL and PL; in other words, it is the range of 
moisture content over which the soil is in a 
plastic state (Garber and Hoel 2014:905). 
Plasticity would vary considerably for the 
same type of gravel materials depending on 
the condition and stage of weathering (Paige-
Green 1989:6.3-6.4). 

According to Naidoo and Purchase (2001) 
gravel materials with a PI of less than 6 lack 
sufficient plasticity to be effective gravel 
wearing materials. Table 1 shows values for 
the plasticity characteristics of gravel 
surfacing materials typically specified for 
different climatic zones as per Ellis (1979:5).  
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Table 1: Plasticity characteristics preferred 
for gravel surfacing materials (Source: Ellis 
1979:5) 

Climate 

LL  
(Not to 

exceed a 
specified 

value) 
(%) 

PI 
ranges 

(%) 

Linear 
shrinkage 
range (%) 

Moist 
temperate 
and wet 
tropic 

35 4-9 2.5 -5 

Seasonally 
wet 
tropical 

45 6-20 4-10 

Arid or 
semi-arid 

55 15-30 8-15 

 

Summaries of descriptive analysis of Atterberg 
limits tests of gravel materials from borrow 
pits used for surfacing gravel road test 
sections under study are presented in Table 2.  

It should be stressed here that, the PI is 
basically an indication of the moisture 
susceptibility of the gravel materials; with a 
high value indicating susceptibility. However, 
studies on Australian pavement materials have 
found no correlation between PI and pavement 
performance (Lay 2009:112). According to the 
study, it is better to understand general 
characteristics of a material than to rely on the 
PI value alone. 

 

Table 2: Summary of descriptive analysis of 

Atterberg limits data 

Parameters Average Standard 
deviation 

Liquid Limit (LL) 
(%) 

34 8 

Plastic Limit (PL) 
(%) 

22 5 

Plasticity Index (PI) 
(%) 

12 3 

Shrinkage Limit 
(SL) (%) 

7 2 

Shrinkage Product 
(SP)  

247 116 

 

3.3  Derivatives of Atterberg Limits and 
Particle Size Distribution 

3.3.1  Shrinkage product 
Shrinkage Product (SP) is the product of 
shrinkage limit and materials passing through 
a 0.425 mm sieve. According to TZ-MoW 
(1999:11.4) , as depicted in Figure 5 , ideal SP 
for marginal gravel materials to be used for 
surfacing gravel roads should range between 
120 to 270 inclusive, SP between 0 and 120 
indicates a material that may ravel and 
corrugate whereas between 270 and 400  
indicates material that may be good but dusty. 
SP of most of the marginal gravel materials 
sampled ranged from 120 - 400, with only 4 
samples out of 31 outside the range. This 
implies that 87.1% of sampled marginal gravel 
materials qualify in terms of SP. 

 

Figure 5: Performance specification for marginal gravel wearing course  (Source: TZ-MoW 
1999:11.4) 
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3.4  Visual Condition Survey 

Visual assessment is the most applicable 
method for determining the performance of 
gravel roads. The survey can be employed to 
determine re-gravelling requirements,  
grading frequencies,  whether the gravel 
material on the road is suitable for the 
prevailing traffic characteristics and 
environment, and what type of distresses are 
typical on the gravel road in question (Jones 
and Paige-Green 2011:1). Following are the 
attributes of gravel road distress and brief 
discussion on the results of visual condition 
survey. 

3.4.1  Attributes of gravel road distress 

The appearance of gravel road distress is 
varied and often extremely complex. In this 
study, the task of describing distress was 
achieved by recording its main characteristics 
– the so-called attributes of distress. The 
attributes referred to are: i) type, ii) degree, 
and iii) extent.  

i) Type of distress: Common types of distress 
encountered on gravel roads under study 
included, but not limited to: gravel loss; 
potholes; rutting; erosion; corrugation; loose 
materials; stoniness; and dust.  

ii) Degree: The degree of a particular type of 
distress is a measure of its severity. The 
degree recorded gave the predominant 
severity of a particular type of distress. The 
most important categories of degrees are 1, 3, 
and 5 as noted in Table 3, and 

iii) Extent: The extent of distress is a measure 
of how wide spread the distress is over the 
length of the road segment.  

 
Table 3: Classification of road condition 
severity in terms of degree of distress 
(Source: Jones and Paige-Green 2011:2) 
 
Descriptor Very 

good 
 
Good 

Fair/ 
Average 

Poor 
/Bad 

Very 
poor 

Degree 1 2 3 4 5 

 
3.4.2  Visual assessment of the condition 

and performance of gravel roads 

The current condition of distress of each test 
section was assessed by walking along the test 
section and observing type, severity and extent 
of distress.  

3.4.3  The condition survey results of test 
sections under performance study 

The following is the general state of distress 
conditions on 22 test sections. Acceptance 
criteria for distress condition quantifications 
are as documented by Jones and Paige-Green 
(2011:6). 
(i) Slipperiness and skid resistance were 

at acceptable levels on all 22 test 
sections.  

(ii) Trafficability was unacceptable at 
Ndiwili and Itwanga test sections on the 
Iringa-Idete road. On the rest of the test 
sections, the trafficability was 
acceptable.  

(iii) Drainage from the road was ranged 
from poor in those test sections with flat 
and uneven cross sections to average in 
those test sections with good cross-
section. Only one road, that is Don-Bosco 
road, had its surface drainage in poor 
condition. 

(iv) Quality of marginal gravel materials 
employed as wearing course ranges 
from good to average. In this regard, the 
sections on each road fared as follows: 
Iringa-Pawaga - six sections had average 
quality and two had good quality; Iringa-
Msembe - three sections had average 
quality and five sections had good 
quality; and Iringa-Idete - five sections 
had good quality, and three sections had 
average quality. Quantification was 
bases on extent of cracking, loose 
materials, particle size distribution, and 
sizes of stones as being noted on 
wearing course, 

(v) Gravel quantities which signify gravel 
loss were sufficient on all test sections, 
except at Kidete, Mapinduzi, and 
Muhunga on the Iringa-Idete road, and 
Mwika B on the Iringa-Msembe road 
where the quantities were at isolated 
exposure levels.  

(vi) The riding quality/safety during the 
study was good as the vehicles on almost 
all test sections could ride at 60 km/h, 
except on sections with poor 
trafficability (Ndiwili and Itwanga), the 
speed ranged from average to poor (50-
20 km/h).  

(vii) Tranverse and longitudinal erosions 
at Igotikafu along the Iringa-Pawaga 
road the severity was at 3 degree. The 
Iringa-Msembe road had three test 
sections, which fared badly on erosion, 
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namely Mangalali which had transverse 
erosion severity at 3 degree, while 
Mwika B and Nyamihuu, had 
longitudinal erosion severity of 4 and 3 
degree respectively. The rest of the test 
sections on all three roads under study 
fared well due to being on self-draining 
terrain. 

(viii) The gravel road's performances of all 
test sections were at 3 degree of 
severity, which is the border line 
between good and bad condition. 

 

4.0 DISCUSSION OF MARGINAL 
MATERIALS SPECIFICATION 
ADOPTED IN TANZANIA  

The specification adopted in Tanzania for 
marginal gravel materials in terms of grading 
coefficients and shrinkage product is 
presented in Figure 5. In general, test results of 
GC for all the marginal gravel materials 
borrow pits employed to surface test sections 
did not meet the requirement set out in Figure 
4, as per TZ-MoW (1999:11.4). Despite not 
meeting the stated specifications, these 
materials performed relatively well as noted 
during the condition survey. It should be 
brought to attention that Figure 4 is based on 
South African research conducted in the 
nineteen eighties and reported by Paige-Green 
(2006:2) with slight changes.  

The South African gravel road specifications 
were developed from roads selected using 
factorial design, including material types, 
traffic, and climate and covered a wide range 
of environmental conditions. 

The South Africa specification has an SP range 
from 100-365, and GC range from 16-34. This 
proves further the danger of adopting directly 
the specification employed in other countries 
without doing adequate local calibration 
through empirical research. 

From the above it is sufficient to mention here 
that there is a need to adjust the window 
frame of GC for the marginal materials as none 
of the distress associated with gravel materials 
by not meeting the given range as shown in 
Figure 4 were observed during the condition 
survey. The range for the Msembe road was 
36-72, the Pawaga road was 23-62, and the 
Idete road 31-49. This study recommends a GC 

range from 23-72 for marginal materials, as it 
is more accommodating for all the marginal 
gravel materials used to surface gravel roads 
covered by the study. 
 
5.0 GRAVEL LOSS DATA ANALYSIS 
 
Gravel loss constituted by far the largest data 
set for test sections. Profile heights were taken 
at 25 cm interval over a 6 m cross-sectional 
width at an interval of 20 m along a 100 m long 
site. This equated to 150 readings on one site 
during each site visit. In total 23,100 profile 
heights from the 7 surveys conducted at 22 
sites were recorded. 
 
5.1  Rate of Gravel Loss 
The height of the gravel road wearing surface 
at each cross-section was estimated by taking 
the average of the readings over the 
carriageway width at the cross-section. The 
average height of the site was then determined 
by taking the average of the 11 cross sectional 
heights. The gravel loss on each site was then 
determined by comparing the average height 
of the site from each previous survey.  
 

Minimum average gravel loss during the entire 
period of study was 3 mm and the highest was 
73 mm. The mean of this huge variation was 
24 mm. This result is somehow similar with 
the one obtained by Paige-Green (1989:6.13), 
where predicted annual gravel losses ranged 
from 4.5 mm for a lightly trafficked , fine 
grained, low plasticity material in a dry area to 
about 65 mm for a cohesive, coarsely graded 
gravels under high traffic in a dry area. The 
study did not produce consistent range of 
gravel loss; this might be attributed to either 
marginal gravel material characteristic or 
inconsistency in the quality of work output 
during construction and maintenance 
activities. 

 
5.2  Gravel Loss Threshold 
Annual rate of gravel loss peculiar to study 
area is a tool to determine a threshold on 
which to peg the timing of grading or re-
gravelling cycles (Patterson 1991:143; Dierk 
1992:82). The rate can also be employed as a 
tool for quality control.  
 

  



Richard R. Mwaipungu and Dhiren Allopi 

 

The Tanzania Engineer                                            Vol. 14 No. 1, December 2015                                             Page | 19 

Table 4: Gravel loss thresholds 

Rating level Annual 
gravel 

loss (mm) 

Severity of 
distress 

1 Very good 27 GL is not 
noticeable to 
road user 

2 Good 34 GL is slightly 
noticeable 

3 Fair/Regular
/Moderate 

45 GL is 
noticeable 

4 Poor/Bad 67 Isolated 
exposures of 
subgrade 

5 Very 
poor/Very 
bad 

80 Extensive 
exposures of 
subgrade 

 

Based on the result of gravel loss survey, the 
gravel loss threshold proposed by this study as 
an indicator of the quality of construction, 
rehabilitation and marginal gravel material 
characteristics is as shown in Table 4. It should 
be borne in mind that gravel loss is inevitable, 
and is one of major characteristic of gravel 

roads. This is confirmed by Morris (1990:196), 
who assert that the abrasion of gravel 
materials from gravel roads is to be expected.  

Gravel loss thresholds as proposed in Table 4 
is based on a five-year life cycle of properly 
managed gravel road with initial pavement 
thickness of 150 mm and residual thickness of 
15 mm at the end of design life. Rating levels 1 
and 2 are for well-designed and constructed 
gravel roads, while rating 3 is for fairly-
constructed gravel road. Rating levels 4 and 5 
are for poor constructed gravel roads. Poorly 
constructed gravel roads are affected by initial 
compaction effect. This was noticed on the 
Muhunga section, along Iringa-Pawaga road, 
which was re-gravelled and experienced initial 
rapid gravel loss after being opened to traffic. 
Similar experience was noted by Paige-Green 
(1989:6.13), and was attributed to inadequate 
compaction during construction. It should be 
stressed here that only gravel roads with 
gravel loss rating 1 and 2 will attain the five 
years design life before being rehabilitated. 

5.3  Gravel loss modelling 
Modelling exercise of gravel loss is based on 
the methodology as explained in section 2.3. 
The modelling Equation 1 is as per Cameron 
and Trivedi (2010:257).  

 

Equation 1: GL= [0.113+0.000000694 ADT+0.0000135 PF- 0.124DR - 0.169PM+0.000229PP-

0.0144D1] mm 

Where GL is the annual gravel loss in mm, ADT is average daily traffic in both directions, PF is 
plasticity factor in percentage, DR is dust ratio, PM is plasticity modulus in percentage, PP is plasticity 
product in percentage, and D1 is a dummy variable which represents climatic condition. D1 = wet 
climate, and D0 = dry or moderate climate. 

Gravel roads located in wet area experiences a GL of about 0.0144 mm less than the roads located 
either in moderate or dry areas if all other factors remain constant. The GL is statistically significant 
at 1% and its coefficient of determination (r2) is 0.3. 

 

6.0   CONCLUSION AND RECOMMENDATION 

1. Climatic data were all collected from one 
meteorological station, stationed at Nduli 
airport in Iringa. This station is deemed to 
represent the climatic pattern of the whole 
of Iringa region. However, for realistic 
results climatic data to be reflected in 
gravel road performance should be 
collected in the area traversed by the 
gravel road in question. 

2. Specification given by both TZ-MoW 
(1999:11.3) P&MDM and TZ-MoW 
(2000b:3000:24) SSRWs for marginal 

material's particle size distribution to be 
used for surfacing gravel roads cover a 
wide range of gravel materials with 
different performance expectations. This 
simplifies the selection of gravel materials 
for surfacing, but it is not realistic. More 
study is needed to peg the grading limits 
for the type of marginal gravel materials 
available in each region in Tanzania. 

3. The range of grading coefficient from 16-
34 as provided by TZ-MoW (1999:11.3) 
P&MDM and (2000b:3000:24) SSRWs is 
too narrow for the tested marginal 
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materials used for surfacing the gravel 
roads under study. This range definitely 
has to be revised, as it is similar to the one 
employed in South Africa. This study 
proposes a new GC range for Iringa region, 
which is 23 – 72 inclusive. 

4. Atterberg limits test results showed 
insignificant variation with specified 
specification, as issued by TZ-MoW 
(1999:7.5) in Table 7.3. According to the 
said Table, the maximum LL range is from 
45 to 55; and the PI range from 16 to 24. 
Liquid Limit and PI results also fall within 
the climatic range as specified by Ellis 
(1979:5) in Table 33, and SP  results fall 
within the specified limits of 120-400 (TZ-
MoW 1999:11. 

5. There is a need to have a long term 
pavement performance study. The study 
can be of 5, 10, 15, and 20 years. The goal 
is to extend the life of pavements through 
various designs of new and rehabilitated 
pavement structures, using different 
materials and under different load, 
environmental conditions, subgrade soil, 
and maintenance practices. These studies 
have been and are still conducted in 
developed countries, but the difference in 
maintenance culture, climatic conditions, 
technology, and gravel materials between 
these countries and those in sub Saharan 
Africa make it unrealistic to use the results 
from their studies.  This makes it necessary 
for sub Saharan African countries to start 
performing these studies if they want to 
better their gravel roads. 

6. Performance prediction is a critical 
element in effective pavement design and 
management. Critics of this method cite 
lack of accuracy in the models and high 
degree of variability in the input data used 
to drive predictions as one of its major 
setbacks. To address this specific concern, 
there is a need to develop reliable, good-
quality pavement distress measurement. 
To encourage uniform distress data 
collection and interpretation methods, to 
have in place constant revision of distress 
identification manuals, running rater 
accreditation workshops annually, and 
create systematic evaluation principles to 
quantify the variability (bias and 
precision) associated with both manual 
and film-derived pavement distress data. 

7. Road building materials, whether natural 
or manufactured are not perfectly uniform. 

Values of their physical properties vary. 
Gravel materials for surfacing unsealed 
roads, whether standard or marginal, are 
not perfectly uniform. Values of their 
physical properties vary as well. While 
every effort should be made in ensuring 
testing to be as precise as possible, there 
are limitations in equipment and in the test 
methods themselves, which contribute to 
testing variability. While every effort 
should be made to ensure uniformity of 
field compaction, there are limitation in 
construction equipment, which mean that 
every location in the road will not be 
subject to exactly the same process. This 
material variability, testing variability, and 
process variability combine to form a total 
variability. It is this total variability, which 
is measured when a performance study is 
conducted through distress survey. Among 
gravel road distresses is gravel loss.  
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Abstract 
 
The fraction of radon (222Rn) generated from building materials by the radioactive decay of radium 226Ra 
(progeny of 238U) was measured by closed chamber method. The materials involved in this study include 
cements, gypsum, clay, sandstone and pozzolan which are commonly used directly as building materials. 
The indoor radon and annual effective doses contributions from the individual material have been 
derived from the mass exhalation coefficient. The mass exhalation coefficients generated vary from 0.7 to 
2.8 % for cements and from 0.3 to 13 % for raw materials. Their indoor radon contribution ranged from 
3.1-1012.3 Bq/m3; these values are in the permissible range of 600-1500 Bq/m3 for dwellings and 
working places respectively as recommended by International Commission on Radiological Protection 
(ICRP) for building materials. 

Keywords: Building materials; Radon mass exhalation rate; Annual effective dose; Radiological hazard; 
Tanzania 

 

1.0   INTRODUCTION 

Radon 222Rn, thoron 220Rn and actinon219Rn 
are naturally existing radioactive noble gases 
with half-lives of 3.83 d, 55.6 s and 3.96 s 
respectively. The source of the radioactive 
gases in the dwellings is the occurrence of the 
radium isotopes from the uranium and 
thorium series in the soil, rocks and building 
materials. From the radiological point of 
view,222Rn is more hazardous since its half-life 
is significantly larger than those of 220Rn and 
219Rn, therefore 220Rn and 219Rn are omitted in 
this study. At homes and building offices 222Rn 
emigrates from the walls, floor and ceilings 
and can accumulate to harmful levels. The 
primary concern of the health effects is related 
to the potential alpha energy concentration 
associated with the alpha particles emitted 
from the short–lived decay products of radon 
such as 218Po and 214Po (UNSCEAR 1988). The 
atoms of these isotopes at the moment they 
are generated often appear in the ion forms 

chemically reactive and rapidly attach to the 
aerosols such as particles of dust and water 
vapor get inside the body through the process 
of inhalation. When inhaled may be deposited 
on respiratory tract tissues, decay and emit the 
alpha particles acting and damaging cells near 
the deposition site, contributing to increase 
the risk of lung cancer (Nazaroff 1992; Darby 
et al. 2005).The concentration of the radon 
daughters in the dwelling air are governed by 
radium concentration in the building materials 
including with floor, their construction, radon 
exhalation rate, attachment and 
recombination, deposition, and transport by 
diffusion and air ventilation condition and so 
on (Durrani1997;Akerblom 1994;Jonsson 
1995;Bossew 2003). 

The release of the radioactive gas from the 
materials into the atmosphere is controlled by 
three processes: emanation, transport and 
exhalation. The illustration of the mentioned 
processes is presented in Figure 1. 
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Figure 1. Processes leading to the radon release to the atmosphere (IAEA, 2013) 
 
 
Emanation is the escape of the radon gas from 
the solid medium into the air filled pore spaces 
(interstitial space), governed by the 
momentum and recoil energy of alpha 
particles from the radioactive decay of radium. 
The recoil distance for 222Rn ranges 20-70 nm 
in common minerals, 100 nm in water, and 
63µm in air (Nazaroff 1992). From the pores 
spaces (interstitial space), radon can migrate 
through diffusion process or seepage. The 
diffusion of radon is a process controlled by 
radon gas concentration gradient across the 
radon gas sources (rocks, soils, building 
materials, and other different materials) and 
the surrounding air. Finally, a fraction enters 
the atmosphere before undergoing radioactive 
decay the process known as exhalation. The 
exhalation rate is the radon fraction in the free 

air originated from the radon created by the 
radium decays in the inside of the materials. It 
was revealed that, the value of exhalation rate 
depends on air condition and on the physical 
properties of the material samples such as 
moisture, grain sizes, and so on (De Martino 
1998). The radon exhalation rate ranges from 
0 (in the case of no radon release from the 
material), to 1 (where all radon escapes).  
 

A number of studies have been conducted to 
establish the radium concentrations in raw 
and industrial building materials and their 
radon exhalation rate (EC 1999; Hassan et al. 
2009; Sakodaet al.2010; IAEA 2013).The 226Ra 
concentration of the most typical building 
materials in the World is summarized in Table 
1 (IAEA 2002).  

 
Table 1 Concentration ranges 226Ra of the most typical building materials in the World (IAEA, 2002) 

Material 226Ra (Bq kg-1) Material 226Ra (Bq kg-1) 

Concrete 1-250 Cement 7 – 180 

Clay (red) bricks 9 - 2200 Tiles (glazed and unglazed) 30 – 200 

Sand-lime bricks/limestone 6 – 50 Phosphogypsum plasterboard 4 – 700 

Natural building stones 1 – 500 
Blast furnace slag stone and 
cement 

30 – 120 

Natural gypsum < 1 - 70   

 

The Portland cements are typically the 
products derived from sedimentary or 
weathered rocks such as: sandstones, clay, 
limestone, shale, gypsum, pozzolan (UNSCEAR 

2008). Portland cement clinker is 
manufactured by heating a calcareous 
material, typically limestone, and an 
argillaceous like clay or shale. The final 
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product of Portland cement is gained by 
intergrading gypsum (sulphate minerals) with 
the clinker (Taylor 1997). The production 
processes also influences the radionuclide 
activity concentration of final products and 
thus determine the activity concentrations in 
the construction materials. Generally, the 
radium concentration in the final product 
should be controlled by the radium activity of 
the raw materials and calculated by formula:  

                            (1) 

 

whereRaprod.andRai are the concentrations of 
radium in cement and i-th raw material 
composition respectively; wi– weight 
contribution of the i-th composition.  
The aim of this work is to determine the 222Rn 
mass exhalation rates of Tanzania cements and 
selected building materials by closed chamber 
method and to estimate their contributions to 

indoor 222Rn concentration. The obtained 
results were used for assessment of the 
adequate radiological indices, and evaluating 
the investigated building materials from the 
radiological point of view. 
 
2.0 MATERIALS AND METHODS. 

A number of methods have been developed to 
measure the radon exhalation rates of building 
materials including the accumulation method, 
the charcoal method, the SSNTD (solid state 
nuclear track detector method (Limotoet 
al.2008) and the closed chamber method 
(CCM). All methods have one feature in 
common that is measuring radon 
concentration in a closed space after the 
radioactive secular equilibrium between radon 
and radium is achieved. In this study the 
closed chamber method was adopted using the 
radon chamber coupled with radon meter 
“Pylon AB5 (Figure 2). 

 
Figure 2. The view of the measurement device 

 
The four brands of cement available in 
Tanzania trademarked as Tembo, Simba, Rhino 
and Kilwa, collected from the local market 
were examined in this study. The other 
selected building material includespozzolan; 
occasionally used for plastering (with few 
centimetres thin wall) in local communities, 
gypsum as thin (1-3 cm) gypsum boards for 
walls and ceilings and clay and sandstone for 

fired and unfired bricks. Pozzolan, clay, 
sandstone and gypsum were collected from 
their respective quarries in Songwe and Kilwa 
located in Mbeya and Lindi regions 
respectively. The samples were collected 
according to IAEA, (1989) standard sampling 
procedures for environmental sampling; the 
localizations of the collected samples are 
shown on Figure 3. 
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Figure 3. Sketch of Tanzania showing sampling sites (names of the regions in capital letters) 

The sample under investigation weighed from 
0.5 to 1 kg were milled until the grain sizes 
lower than 1 mm and dried at 105°C for 24 
hours and placed inside the exhalation 
chamber of volume of 10 dm3 and tightly 
sealed to prevent escape of radon. Each 
enclosed sample was left for one month to 
establish the equilibrium between the 
226Raand 222Rn. After attainment of the 
equilibrium the closed chamber was connected 
with AB-5 Pylon coupled with the Lucas cell by 
using the plastic pipes and valves (see Figure 
2). The inlet and outlet located on the top of 
the chamber with the inlet tube extended 
down to the bottom of the chamber. 
 
The AB-5 is built in pump that circulates the 
air through circuit connecting the chamber 
and Lucas cell. For establish the uniform 
distribution of the air in the circuit and to gain 
the minimum uncertainty, the AB-5 was 
allowed to pump the air for 30 minutes and 
counts were collected for several runs, every 
counting run was lasting for 2 hours. The total 
activity of radon released from the sample 
material into the air is evaluated by measured 
radon content in the Lucas cell and the 
effective volume of the measurement system. 
The effective volume is determined by 

considering the volumes of the chamber, 
closed vessel, all pipes inside the closed vessel, 
the loop system for radon measurement and of 
the Lucas cell (IAEA 2013). The total Rn 
produced in the closed chamber was obtained 
by multiplying the sample mass and adequate 
radium activity of the investigated material. 
The mass exhalation rate therefore is given by 
the following expression (IAEA2013). 

mRa

C
E d

m                                                               (2) 

whereEmis the mass exhalationrate;  
m is the mass of the sample (kg); 
andRa is the radium activity concentration  
(Bq kg-1) of the investigated material. 

Cd is the radon content in the sampling device 
(Bq) and calculated using formula  
Cd = (CL·Vd)/VL 

 
Where Vd, VL are the effective volume of the 
sampling device and Lucas cell respectively; 
CL – radon content in Lucas cell, and calculated 
by formula: CL=NCR/(3··t), where - recorded 
alpha efficiency of AB-5 device and t – 
measurement time in seconds;  
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NCR – net count rate obtained by subtracting 
the measured count rate after pumping from 
the background one (the count rate measured 
for the same Lucas cell before pumping air). 
The background measurements were 
performed before pumping for the used Lucas 
cell. The background measurement time was 
predicted for the relative uncertainty of count 
rate lower than 2 %.  
 
The mass exhalation rate was then used to 
determine the potential radon concentration 
originating from the building materials in the 
air inside the “standard room” of 4×5×2.8 m 
(56 m3) with door of 1 m × 1.8 m and window 
of 1.4 m × 1.4 m dimensions according to the 
EC Standards (EC1999). The wall thickness is 
often upon on the application of the building 
materials. For instance the thickness of the 
wall built of gypsum is assumed to be 3 cm, of 
pozzolan and soil 1 cm each, cements bricks 20 
cm and that from clay and sandstone bricks 
the thickness amounts to10 cm each (EC1999). 
The radon contribution from the building 
material was estimated as follows  

V

MEA
C mRa

Rn


                                                   (3) 

whereCRnis concentration of the radon 
originating from the building material, 
ARaandEm are the activity concentration of 
radium and mass exhalation rate of the 
building material respectively. V is the volume 
of the room and M is the mass of the walls and 
estimated by formula (2×2.8× (4+5) – (1x1.8+ 
1.4x1.4)) m2 x a (m) ×(kg m-3) for standard 
room; where a is the wall thickness and  is 
the building material density. The density of 
every investigated material was determined by 
weight and the sample volume of the milled 
material and summarized in Table (3). 
 
The radiological hazard is directly connected 
with the potential energy alpha concentration 
originated from the alpha particles emitted 
from the decay of radon progeny and 
expressed in J/m3 or Working Level (WL) unit 
(WHO 2009). The worker's/dwellers exposure 
to radon daughters is expressed in units of 
Working Level Months (WLM). Working level 
month is equivalent to the exposure at an 
average concentration of 1 WL for 170 
working hours (WHO 2009; ICRP 1993). 
 

The annual potential alpha energy potential 
expressed in WLM for dwelling habitant is 
estimated by formula (Sharma et al. 2012): 

3700170

8760
)/(




 RnCFn

yWLME                    (4) 

where n is the fraction of time spent indoors 
and arbitral assumed to be equal to 0.8; F is 
the equilibrium factor between Rn and its 
progeny and assumed to be equal to 0.42; CRn – 
radon concentration in the air [Bq m-3], 8760 is 
the number of hours per year; and 170 is the 
number of hours per working month 
(UNSCEAR 2000). The annual potential alpha 
energy can be translated to the annual 
effective dose by multiplication of the alpha 
energy potential and a conversion factor of 
3.88mSv/WLM. By this way the annual 
effective dose is expressed in mSv(ICRP 1993). 
The uncertainty of radon mass exhalation rate 
can be calculated using the equation (2) and 
propagation low as follows. 
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Where uEm, uCd and uRa are the uncertainties 
of measured radon content in the chamber, 
sample mass and 226Ra concentration of the 
investigated material. 
 
3.0   RESULTS AND DISCUSSION 
 

The measured radon mass exhalation rates, 
their uncertainties, Rn concentrations and 
annual effective doses estimated for the 
standard room built from the investigated 
materials are summarized in Table 2. The 
radon mass exhalation ranges from 0.3 to 13 
% for raw materials and from 0.7 to 2.8 % for 
cements. The variation in the mass exhalation 
rate of cements is due to radioactivity 
characteristics of the individual cements and 
mineral structure of their components. 
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Table 2: The estimated Rn concentration and annual effective doses (E) resulted from 
the released radon from the wall built from investigated materials  

 

Material 226Ra 

(Bq kg-1)1 

Density 

(kg m-3) 

Net count 
rate per 
2h 

Em (%) Rn  

(Bq m-3) 

Annual 
effective dose 
mSv 

Rhino cement 60.7±2.7 1112 124±33 1.2±0.3 134.9 2.3 

Tembo cement 55.8±4.3 1187 327±52 2.8±0.4 308.9       5.3 

Kilwa cement 29.7±4.0 1106 51±30 0.7±0.4 38.3 0.7 

Simba cement 38.3±3.9 1123 107±27 1.0±0.3 71.6 1.2 

Pozzolan 93.6±1.3 1385 4500±903 12.0±2.4 129.6 2.2 

Soil 120.3±1.6 1023 120±26 0.3±0.1 3.1 0.05 

Gypsum 7.6±0.4 1105 119±22 13.0±2.4 27.3 0.5 

Sandstone 25.3±0.7 1347 193±27  2.0±0.1 56.7 0.9 

Clay 91.0±1.3 1113 3750±612  12.0±0.02 1012.3 17.5 

                                                           
1 the 226Ra concentrations of the investigated materials were measured by gamma spectrometry (Amasiet al. 2014) 
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The indoor radon concentrations and annual 
effective doses estimated for hermetically 
closed “standard room” with the assumption 
that the exhaled radon was only released from 
its walls built from the investigated materials. 
The calculated indoor radon concentration and 
annual effective dose ranged from 3.1 to 
1012.3 Bq m-3 and from 0.05 to 17.5 mSv 
respectively. These values were within the safe 
limits of radon potential health hazards of 600 

Bq m-3 for dwellings and 1500 Bq m-3 for 
workplaces corresponding to annual dose 
limits of 10 and 20 mSv respectively (ICRP 
1993, 2009). 
 
It is customarily understood that the radon 
content in the air is the quantity of radium in 
the building materials (Figure 4).  
 

 

 
Figure 4. A graph of Rn concentration in the air versus Ra concentrations in the sample material 

 
 
However, some discrepancies were observed 
due to other parameters such as mineral 
structure, chemical composition and so on. For 
instance, the slight elevation of the mass 
emanation rate and annual effective dose 
exposure from Tembo cement should be 
connected with radium quantity and its 
distribution in the volcanic pozzolan and clay. 
Due to characteristics of the adsorption 
processes the distribution of the radium atoms 
in the pozzolan and clay may be closer to the 
particle surfaces and this orientation enhances 
the radon escape from the grain space to the 
air. It was observed that radon exhalation rate 
from the soil was significantly lower than the 
rest of the materials; this fact can be connected 
with the occurrence of organic fractions in the 
soil, which often contains a lot of the water 
particles in their cell structures. Water can act 
as the shield for Rn atoms escape from the 
solid material to the air (Bossew 2003). 
 

4.0   CONCLUSIONS 

Radon mass exhalation rates of Tanzania 
cements, gypsum and pozollan have been 
determined by closed chamber method. On the 
basis of the obtained results, the indoor radon 
contribution of each individual material has 
been estimated. All of the calculated indoor 
radon exposure values are less than the 
international recommended indoor 222Rn 
exposure limits. The annual effective doses 
were also determined and found to be within 
the permissible range. The difference in radon 
mass exhalation rates supports the suggestion 
that radon emanation is a function of Ra 
concentration, moisture and particle structure 
of building materials. Based on the measured 
mass emanation rate, calculated Rn 
concentration and related effective dose, one 
can state that the investigated materials are 
safe for the dwellers whenever used for 
construction purpose.  
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5.0 RECOMMENDATIONS 
 
Radon in homes and workplaces needs 
exceptional attention because its contribution 
to radiation dose is as higher 50% greater than 
those from almost any other source both 
natural and manmade radiation sources 
(UNSCEAR, 2000). It is therefore vital and 
imperative to understand its generation, 
release mechanisms from different materials, 
migration from this material and finally the 
entering process into outdoor atmosphere and 
indoor to our houses and our working places. 
This study has given rise to a number of 
potential future research projects about 
natural radioactivities and radon and a 
number of recommendations have been 
drawn. 
i. Radon emanation and exhalation is a 
function of the meteorological parameters. 
Study of the radon exhalation processes in 
connection with the meteorological conditions 
is highly recommended for better 
understanding the processes. 

ii. Applications of radon remediation methods 
in dwellings with increased radon 
concentrations are advisable followed by the 
appropriate actions to minimize exposure 
from the building designing and construction 
stage. The knowledge of preventing radon 
entrance in building from the soil through gap 
sealing and ventilation of the house is 
required. Other means include pore filling, 
surface coating by painting and the like. 

iii. Conduct studies aiming at mapping regions, 
sites and building characteristics likely to be 
associated with high radon levels. 

iv. Similar studies can be carried out in 
uranium mines and other convection mining 
sites for determination of radon concentration. 
It is noteworthy to discern the radium activity 
concentration in the soil and building 
materials because radon exhalation rate 
depends on it. 

v. Future studies to generalize radon fractions 
trends for many different materials with 
different mineral contents and from different 
geological origins would be beneficial. On the 
basis of the results obtained, one would be 
able to predict, the kind of minerals 
responsible for radon exposure to human 
without detailed emanation tests. A further 
study however is suggested to be done to 

investigate the quantities of the chemical 
elements in the elevated samples for instance 
pozzolan from Songwe using Atomic 
Absorption Spectroscopy. The results will be 
useful to provide a clear explanation of the 
radioactivity contribution of chemical species 
present in the cements. 

vi. Future studies should also be conducted to 
establish the data base of the natural 
radioactivity in local and imported building 
materials for future construction monitoring in 
Tanzania. The data base will be used to aid the 
relevant authorities in establishing the 
regulations, standards or codes for 
construction practices under which the 
recommended level might otherwise be 
exceeded. The purpose of setting controls on 
the radioactivity of building materials is to 
limit the radiation exposure due to materials 
with enhanced or elevated levels of natural 
radionuclides. 
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THE FUTURE OF MAINTENANCE …ExtenSave™ 
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1.0   PREAMBLE:  
 
Traditionally maintenance has been carried 
out using techniques such as preventive or 
breakdown maintenance. Typically the 
equipment manufacturer suggests overhaul 
schedules based on running hours of the 
equipment. Users are expected to follow these 
schedules 
.  
These are the reactive methods. The 
equipment may be overhauled either before (it 
is actually required) or later (after it fails) than 
is actually essential. In both cases the cost of 
maintenance is very high.  
 
 
 
 

2.0   PREVENTIVE MAINTENANCE vs. 
ExtenSave™  

We recognize that companies spend millions of 
dollars on maintenance, sometimes this cost 
exceeds their profits. DuPont believes that 
maintenance is the largest controllable 
expense in a plant. ExtenSave™ revolves 
around the principle that the life of any 
machine depends upon the internal 
cleanliness. Research has proven that more 
than any other factor, fluid contamination is 
the cause of equipment failure. Even 
microscopic particles eventually grind a 
machine to a halt.  
 
Preventive Maintenance focuses on the cause 
of failure, where as ExtenSave™ focuses on 
symptoms of wear and action on the root 
causes. 
 

Maintenance Strategy  Techniques Employed  Human Body comparison 
 

ExtenSave™  Oil Excellence by cleaning oil to 
0.1 micron, precision 
engineering, skill and 
knowledge, regular monitoring 
of the equipment vitals using 
non-invasive equipment, 
processes 
 

Mechanism similar to 
monitoring cholesterol, blood 
pressure, healthy eating habit 
sand regular exercise  

Preventive Maintenance  Periodic component 
replacement  

Bypass or other surgeries  

Breakdown Maintenance  Action when machine fails  Medication after a stroke or 
heart attack  

 

 

 

 

  

 

mailto:sk@neptunus-power.com
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Oil has an important role to play in any 
mechanical machinery maintenance and 
ExtenSave™ is centrally built on the concept of 
Oil Excellence.  
 
2.1  The invisible problem 
‘Oil needs to be changed regularly and 
machine parts continue to break down’. We 
are so used to this philosophy that we don’t 
think that there is any other approach. 
However, if oil can be kept 100% clean then in 
theory it should never degrade or require 
changing. Machine parts could be used for 
significantly longer period and the risk of 
breakdown and production stops would be 
drastically reduced. Oils, in general do not 
wear out. They become contaminated, oxidized 
and thus lose their characteristics. 
 
2.2  Large and small particles 
Most machines are equipped with online filters 
typically of 8 to 10 microns. These provide 
protection against large particles that can 
cause direct damage to machine components. 
However these large, dangerous particles are 
few in number. Tests have shown that 70% of 
the total weight of particles in oils in general 
consists of particles that are smaller than 1 
micron. It is these smaller particles which 
escape the online filters oxidize the oil thus 
causing premature failures. 
 
2.3 Smaller the particlesize, bigger is the 

problem 
Earlier it was thought that small particles were 
not dangerous for machines. Research has 
shown that these micro-particles bind together 
other contaminants and accelerate oxidation in 

the oil. This causes the oil to lose its lubricating 
qualities and leads to the formation of resins 
and deposits. These forma sticky surface that 
eventually causes valves and moving 
mechanical parts to jam and seize. It is 
believed that 85% of all breakdowns in 
hydraulic systems are caused by contaminated 
oil. 
 
2.4 Modern precision machines demand 

cleanliness 
New machines are manufactured to stricter 
tolerances than older machines. Tolerances 
and fault margins are much smaller, which 
implies that these machines are more sensitive 
to failures due to contaminated oil. The 
necessity for proactive maintenance on oil 
cannot be over emphasized. 

 
2.5  Don’t change the oil – change the filter 
When the oil is ultra-clean it stops oxidation. 
This requires the smallest of particles and all 
traces of water to be removed from the oil. 
Without oxidation the oil retains all its desired 
qualities and in theory never needs to be 
changed. Since 70% of the damaging particles 
in oil, based on weight, are less than 1 μm it is 
important that the oil filtration system is 
capable of meeting these demanding 
requirements.  
 
2.6  Introducing the world’s most efficient 

nano filtration system from 
Europafilter. 

 Offline, kidney loop filtration system, 
suitable for any mineral or synthetic oil. 
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 Cleans oil to 0.1micron, removes water in 
free form and in emulsion. Does not 
remove additives. 

 
 Prolongs the life of lube oil and expensive 

online filters by 200 to 800%. 
 

 Applications in hydraulic systems, gear 
boxes, transmission lines, gas turbines, 
steam turbines, compressors, transformers 

and engines. Practically any application 
which has oil needs a Europafilter. 
 

 Mean Time Between Overhauls and 
regular Maintenance intervals can be 
extended by 30 to 80%. 
 

 Pay back in less than 6 months, increased 
reliability of equipment. Eliminates 
breakdowns. 
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Abstract 
 
This study was conducted to determine the level of indoor air pollution due to cooking using charcoal 
inside the houses of Manzese in Dar es Salaam, Tanzania. A pilot system which was also used in trying to 
evaluate various technological options with the purpose of reducing indoor air pollution. The structured 
questionnaire was used to collect the household survey data. Microdust Pro (model 176106A, high range 
version) and gas analyser KANE900 Plus were used to measure the emissions (PM10 CO, NOx and SO2) 
from combustion. The air extraction fan (Vents 100K1 Axial fan) was used in the pilot system for 
pollutants removal. It was found that the usage of charcoal as the source of energy for cooking was very 
high in Manzese (82.2% of the dwellers).The number of households representing 53.3% and 95.9% were 
found to cook their food outside during the dry season and inside during the rainy season respectively. 
The overall hourly average CO concentration for the selected houses was 134±52 mg/m3 during cooking 
which is higher than the hourly recommended WHO guideline of 30mg/m3. The PM10 concentrations 
during cooking in all houses ranged from 1.22mg/m3 to 1.46mg/m3 with an overall hourly average 
concentration of 1.37 mg/m3 exceeding the WHO 24 hours guideline mean concentration of 0.05mg/m3. 
Also measurements for SO2 and NOx concentrations (mg/m3) were taken in the sampled houses and were 
found to be higher than the WHO guidelines. Air extraction fan lowered the CO and PM10 concentrations 
from 206mg/m3 to 28mg/m3 and 1.14mg/m3 to 0.26mg/m3 correspondingly. It was concluded that 
awareness should be given to the people on the health effects caused by burning charcoal in the indoor 
environment, the adoption of air extraction fans should be encouraged so as to minimize pollution levels 
in the indoor environment and encourage Manzese dwellers to have outside facility for cooking 
whenever possible. 

Keywords:  Indoor Air Pollution, Particulate Matter, Gaseous Pollutants, Ventilation 

 

1.0  INTRODUCTION 
 
Charcoal is a fuel commonly used for 
household and institutional cooking and 
heating in different areas of the developing 
world, especially in Africa and in South-East 
Asia (Pennise et al., 2001). One-third of the 
world’s population burn organic material such 
as wood, dung or charcoal (biomass fuel) for 
cooking, heating and lighting.(Fullerton et al, 
2008). This form of energy usage is associated 
with high levels of indoor air pollution and an 
increase in the incidence of respiratory 
infections, including pneumonia, tuberculosis 
and chronic obstructive pulmonary disease, 
low birthweight, cataracts, cardiovascular 
diseases. This lead to increased  mortality rate 
both for adults and children (Fullerton et al., 
2008). The variety of unspecific symptoms, 
such as irritation or dryness of mucous 
membranes, burning eyes, headache or fatigue 

were reported as a result of indoor 
contamination (Maroni et al, 1995). The study 
by Benjamin, 2008; shows that there is a direct 
correlation between exposure to biomass 
combustion  pollutants (PM10 and CO) and 
respiratory diseases. The study by Semiono 
(2005) revealed that poor ventilation 
contributed to the pollution of the indoor air 
and hence raised the exposure level the 
individuals. Indoor air pollution due to 
incomplete combustion of traditional biomass 
causes death of 1.45 million people every year, 
mainly of women and children(Maesa & 
Verbistb, 2012). The current information 
(Energypedia, 2012) show that, the usage of 
charcoal for cooking in Dar es Salaam has gone 
up compared to other urban areas. For 
instance, about 400 bags of charcoal are 
transported from Mkuranga district to Dar es 
Salaam daily by use of various equipment 
through formal and informal routes (Minja, 
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2006). The study on the sources of charcoal for 
Dar es Salaam (Malimbwi & Zahabu, 2008) 
showed that the amount of charcoal entering 
the city was 6777 bags of 56 kg each per day. 
Burning of charcoal generates gaseous 
pollutants such as carbon monoxide (CO), 
oxides of nitrogen (NOx) and sulphur dioxide 
(SO2). The suspended particulate matters are 
also produced in the course of charcoal 
combustion(Semiono, 2005). 

Problems facing the urban poor include 
rudimentary housing. Most of the people today 
in the towns especially in the city of Dar es 
Salaam are migrants from other parts of thre 
country with low income and leave in the 
squatters (Kinabo, 2003). In these squatters, 
available space per person is small and houses 
are congested. The ventilation in these houses 
is therefore very poor. Majority of dwellers in 
these houses use charcoal for cooking. 
Charcoal is still a dependable source of energy 
for cooking because majority of urban 
dwellers consider it easier to use than 
firewood and also easily available, easy to 
store, and still affordable in terms of cost 
especially as it can be purchased in small 
quantities.  

Manzese is congested and many people live in 
the poorly ventilated houses, with no 
designated kitchens. Cooking is mostly done 
using charcoal,  and it is carried out either 
outside or inside the houses. During rainy 
season cooking is totally shifted from outdoor 
to indoor, where the cooking is mainly done in 
verandas, corridors, and even bed-rooms. 

The current study determines the levels of 
NOx, CO, SO2 and PM10 due to charcoal burning 
at Manzese households and set out a pilot 
kitchen for establishing the technological 
options for reducing indoor air pollution. 
Measurements obtained from this study can be 
used to establish the relationship between 
indoor air pollution from charcoal burning and 
the frequent health complaints of Manzese 
residents as well as other areas which simulate 
conditions at Manzese.  
 
2.0  MATERIAL AND METHODS 
 
1.1 Study Area Description 
The study was conducted at Kilimani and Uzuri 
Streets at Manzese in KInondoni District. 
Manzese is one of seventy four wards in Dar es 
salaam City.  

The pilot kitchen was built at Ardhi University 
research site located at 645’33” south of 
equator and 3912’51” East of Greenwich 
Meridian line. The system was modified to 
meet the real site conditions although air 
movement in Manzese is restricted than it is at 
Ardhi University. The system (building) has a 
ceiling board, it is connected to electric power 
and an air extract fan has been installed for 
pollutants removal facilitation. The fan is rated 
at 96 m3/hr and it is made in China. The fan 
model number is Vents 100K1 Axial Fan. 

 
1.2 Methods 
 
2.2.1  Household survey 
Before the final draft of the questionnaire was 
made, questions were passed to some 
randomly selected individuals in order to test 
their validity. The final questionnaire gathered 
information from the individuals through face 
to face interviews. The important information 
that was captured in the questionnaire is 
kitchen types, stove types, cooking behavior 
and time-activity budget for individuals in the 
area. The collected information was entered in 
Statistical Package for Social Scientists (SPSS) 
software for analysis.  
 
2.2.2  Sampling of suspended particulate 

matter 

Microdust Pro instrument, model 176106A 
(High range version) was used to measure 
PM10 concentration in the five selected houses 
at Manzese. This instrument has unit range of 
0-2500 mg/L. The instrument is a hand-held, 
data-logging meter for the real-time detection 
of airborne dusts, fumes and aerosols. 
 
The instrument was positioned in the house 
before any cooking activities were carried out 
and the amount of dust present at times when 
cooking is not taking place registered. The 
instrument was then placed at a cook’s 
position (0.5m from the stove and 1m from the 
ground) during cooking to register the dust 
levels (PM10) during cooking. Thirty minutes 
after cooking, the instrument was placed in the 
house to register the remainders of dust after 
cooking. The exercise of measuring PM10 was 
carried in the same five houses during the 
morning, afternoon and evening times, so as to 
observe variation of concentration of dust at 
different times of the day. The recorded 
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concentrations were analysed using Microsoft 
Excel. 

2.2.3  Sampling of oxides of nitrogen, 
sulphur dioxide and Carbon monoxide 

The concentrations of CO, NOx and SO2 were 
measured directly on the hand held gas 
analyser KANE900 Plus. The KANE900 Plus 
has a rechargeable lead acid batteries. The 
detection ranges for the instrument are: for CO 
(0-5000mg/m3), for NOx (0 - 200mg/m3) and 
no specifications for SO2. 

 

The instrument was positioned in the house 
before any cooking activities were carried out 
and concentrations of gaseous pollutants  
present at times when cooking is not taking 
place registered. The instrument was then 
placed at a cook’s position (0.5m from the 
stove and 1m from the ground) during cooking 
to register the concentrations levels during 
cooking. Thirty (30) minutes after cooking, the 
instrument was placed in the house to register 
the remainders of gases after cooking. The 
exercise of measuring gaseous pollutants was 
carried in the same five houses for morning, 
afternoon and evening times so as to observe 
the variations in the concentration of gases of 
interest for different times of the day. The 
recorded concentrations were analysed using 
Microsoft Excel.   

2.2.4  Sample collection from the pilot 
system 

2.2.4.1 Sampling for carbon monoxide, 
sulphur dioxide and nitrogen oxides 

The concentrations of CO, NOx and SO2 were 
measured directly on the hand held gas 
analyser KANE900 Plus. The KANE900 Plus 
has a rechargeable lead acid. The detection 
ranges for the instrument are: for CO (0-
5000mg/m3), for NOx (0 - 200mg/m3) and no 
specifications for SO2. 

 
Before starting sampling, the instrument was 
calibrated. Sampling was done for five sets of 
conditions. The conditions were: Measurement 
taken when the room was fully closed, when 
the room was fully closed with an air extract 
fan operating, when the door opened with an 
air extract fan operating adjacent to the door, 
the door opened with an air extract fan 
operating opposite to the door and when only 
the door was opened. For each condition, the 

measurement was done at three different 
times (that is, before charcoal was lighted, 
during lighting of charcoal and when charcoal 
was steadily burning). The data were stored in 
the gas analyser as measurements were going 
on until the end when they were downloaded 
into the Microsoft excel sheet for analysis and 
interpretation. 

2.2.4.2 Sampling and determination of 
particulate matter 

Microdust Pro instrument, model 176106A 
(High range version) was used to measure the 
PM10 concentration. This instrument has unit 
range of 0-2500 mg/L. The instrument is a 
hand-held, data-logging meter for the real-
time detection of airborne dusts, fumes and 
aerosols. Before sampling was started, 
calibration was done by passing clean air 
through the probe. The procedure used during 
sampling of PM10 is the same as the one used 
for gaseous pollutant sampling above, with 
similar five sets of conditions and three 
different times. At the end of sampling, data 
was downloaded into Microsoft excel for 
analysis and interpretation. 
 
2.3    Data Types and Sources 
 

2.3.1  Data Types 
The main data that were taken during this 
study were concentrations data (PM10, CO, NOx 
and SO2) that affect the indoor air quality. 
 

2.3.2  Data Sources 
The source of the emission data collected in 
this study is the point source. The point 
sources in this study was elevated and not at 
ground-level. 
 
3.0    DATA ANALYSIS 

The row data for the emissions from the 
households were grouped and the average 
calculated. The data were taken during the 
morning, afternoon and in the evening. For 
each time of the day, measurements were done 
before cooking, during cooking and thirty 
minutes after cooking. The average values for 
each emission data were compared against 
WHO values and the discrepancies discussed. 
The collected data from the pilot system were 
compared to each other and the system that 
showed the lowest levels of pollutants was 
taken as the best system.  
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4.0    RESULTS AND DISCUSSIONS 

4.1    Household survey  

4.1.1 Household energy 

Most households in Manzese rely on charcoal 
fuel as their main source of energy for cooking 
(82.2%) followed by kerosene which accounts 
for 13.3%. Only 2.2% of the households use 
gas for cooking. The other 2.2% use both 
charcoal and kerosene as shown in Fig. 4.1. 

There are limitations on the usage of gas and 
electricity that have promoted the use of 
charcoal in the area as shown in Fig. 4.2 and 
4.3 respectively. 37.8% of the people in the 
area lamented that the cost, especially the 
initial cost for using gas is very high and 
therefore should be reduced. Lack of education 
on how friendly the gas is (i.e. 26.7% of the 
people said that they do not like using gas 
because it can explode).  91.1% of the 
households said that they cannot afford to 
cook using electricity because of the high 
running cost. 

 
 

 

Figure 0.1: Type of fuel used for cooking in the study area (Manzese) 

 

4.1.2   Cooking characteristics 

In Manzese ward, the stove type that is 
commonly used is the charcoal stove (82.2%) 
because charcoal is the easiest fuel they can 
afford. Fewer households use kerosene stove 
(11.1%). Only 2.2% of the people in Manzese 
use gas stoves. Types of stoves used in the area 
are depicted in Fig. 4.4. 
 

Mostly, mothers are the ones that are carrying 
out cooking activities (75.6%) because most 
women in the area are house wives and 
therefore spend a larger portion of their time 
at home taking care of the family, cooking in 
particular. House girls make 8.9%. Men and 
grandmothers make 8.9%. Most households in 
Manzese (80%) take three meals a day 
(breakfast, lunch and dinner). 13.3% of the 
households take only two meals a day. 
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Figure 0.2: Constraints of gas usage in Manzese  

 

 

Figure 0.3: Reasons for not using electricity for cooking in Manzese 

 

4.1.3 Time activity budget 

The total time weighted average of 49.9% was 
spent in the indoor (at home) environment at 
Manzese (Tab 4.1). This percentage does not 
include the entire time spent in the indoor 
environment, but only involves time spent in 
the homes. Children of years 0 to 5 years spent 

more time in the indoor environment (69.0%) 
than any other group because most of them 
are under the school age and would therefore 
spend time at home. The overall time pattern 
for each age group spent inside the houses is 
shown in Table 4.1 
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Figure 0.4: Type of stove used for cooking in Manzese 

 
Majority of the households at Manzese (82%) 
spend from up to 4 hours per day in cooking 
(Fig. 4.5).  Exposure to emissions originating 

from cooking activities, can go far beyond the 
four hours due to gradual dilution of pollutants 
especially when relying on natural ventilation. 

 
Figure 0.5: Cooking duration for the meals in Manzese 

 
Table 0.1: Summary of the time pattern for the age groups in the indoor (at home only) 

environment at Manzese 

4.1.4   Kitchen design 
Most households (97.8%) (Almost all) in 
Manzese do not have designated places called 
kitchens. They either cook outside their houses 
or in the houses. Fig.4.6 shows the percentages 
of the response to the question posed to know 
how many households had kitchens. Amongst 

the households, 53.3% of the households cook 
their meals outside their houses, 37.8% cook 
their food inside the corridor and 6.7% cook 
their food inside their bed rooms as shown in 
Fig. 4.6. During rainy season, most of the 
cooking activities are carried out in the houses 
as shown in Fig.4.7. 
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Figure 0.6: The summary for the distribution of cooking places for households in  

Manzese during the dry season. 

 
When cooking is done inside the houses, it is 
done in the place where there is very 
minimum ventilation. In the corridor, normally 
the combustion smoke is extracted through 

the door or through the windows of the 
adjacent bed rooms. Very often when cooking 
is done in the corridors, pollutants ends up the 
bed rooms and sitting rooms.  

 

Figure 0.7: Cooking places during the rainy season 
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pollution in the house. Maximum PM10 
concentration is observed during cooking (Fig. 
4.8). This imply that, the additional PM10 
concentration  is very much higher, compared 
to the background concentration; and such it is 
many times higher than WHO recommended 
average concentration.  

4.2.2 Gaseous Pollutants  

4.2.2.1 Carbon monoxide 
It has been found that, even in the absence of 
the burning charcoal, there existed 
concentrations of CO in all selected houses 
(Fig.4.9). This could be due to pollution coming 

from other sources such as motor vehicle 
traffics emissions. The levels of CO before 
lighting the charcoal stove and 30 minutes 
after cooking are relatively low than the WHO 
guideline for the exposure of 8 hours mean of 
10mg/m3 especially in the mornings and 
evenings. The values could be higher in these 
times of the day due to the existence of other 
sources of pollution such as car traffics since 
the traffics are more serious during these 
times. 

It was also found that, the CO concentrations 
are extremely high in all selected houses 
during cooking (Fig 4.9). 

 

 

Figure 0.8: The average PM10 levels for five selected houses in Manzese for three different times of a day 
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Figure 0.9: The average CO levels in selected houses of Manzese for three different times of a day 

The main reason for the observed elevated 
concentration may be due poor ventilation in 
the houses. The place is very congested and 
hence air movement is restricted in this area. 

4.2.2.2 Oxides of nitrogen 
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Figure 0.10: The average NOx levels in selected houses of Manzese for three different times of a day. 
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4.2.2.3 Sulphur dioxide 
The concentrations of SO2 in all selected 
houses are higher than the WHO 10 minutes 
mean of 0.5mg/m3even at times when the 
charcoal stove was not in place as shown Fig 
4.11. Other sources such as traffic emissions 
could have contributed to this effect. 

The study done by Semiono (2005) on The 
assessment of indoor air pollution from 

combustion of cooking fuel wood, charcoal and 
kerosene in rural areas of Tanzania showed 
that the SO2 concentration was 17µg/m3 when 
charcoal was used for cooking in Coast Region  
while this study observed an average SO2 
concentration at 19mg/m3. Observed SO2 
concentration in the current study compare 
with the findings in the previous study. 

 

 

Figure 0.11: The average SO2 levels in selected houses of Manzese for three different times of a day. 

The error bars in Fig. 4.9 and Fig. 4.11 show 
that there were big variations among the data 
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attained even with this option due to small 
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Figure: 0.12: The trends of PM10 levels in the pilot system 

 

 

Figure 0.13: The trends of PM10 levels in the pilot system during lighting charcoal 
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Figure 0.14: The trends of PM10 levels in the pilot system when charcoal was steadily burning 
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study.  

 

Figure 0.15: The trends of CO levels in the pilot system when charcoal was steadily burning 
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Figure 0.16: The combined trends of CO levels in the pilot system 
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Figure 0.17: The trends of NOx levels in pilot system 

 

Figure 0.18: The trends of NOx levels in pilot system when charcoal was steadily burning 
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Figure 0.19: The combined trends of SO2 levels in pilot system 

 
The concentration level of 28.50mg/m3 was 
encountered during lighting charcoal when the 
room was fully closed but was lower as much 
as 6.20 mg/m3 when the door was opened 
with an extract fan operating from an opposite 
side to the door. It is in this option where air 
exchange between the room and outside is 
optimal for this study.  
 
5.0  CONCLUSIONS AND RECOMMENDATIONS 

 
The main objective of this paper was to assess 
the indoor air pollution from combustion of 
charcoal in Dar es Salaam and determine 
methods of reducing it. An extensive literature 
review was carried out on the pollution caused 
by burning biomass fuels (wood and charcoal) 
and the health effects associated with it. It was 
found from literature that the information on 
the burning of charcoal in the urban areas of 
Tanzania is scarce. To fill this gap, the study 
was carried out which involved site 
monitoring of gaseous pollutants and 
particulate matter emanating from burning 
charcoal in Manzese. Then manipulation of 
variables/parameters for ventilation were 
carried out in the controlled pilot system set at 
Ardhi University to have the optimal 
parameters that could minimize the pollution 
in the indoor environment caused by charcoal 
burning. 
 

The purpose of this concluding chapter is to 
summarize the results of the study and put 
forward the work to be done in future. 

5.1  Conclusions 

i. Gaseous (CO, SO2 and NOx) concentration 
in the selected houses in Manzese are 
higher than all WHO guidelines 

ii. It was found that the levels of pollution in 
the pilot system were minimum when the 
air extract fan was operating from the 
opposite side of the opened door 

iii. Most households in Manzese use charcoal 
as their main source of energy for cooking 
(82.2%) and the type of stove used is 
traditional charcoal stove. 

iv. Mothers and children are the groups 
mostly exposed to pollution resulting from 
charcoal burning. The women (75.6%) 
were responsible for cooking food.  

v. The total time weighted average of 49.9% 
was spent in the indoor (at home) 
environment at Manzese by Manzese 
residents 

vi. Most households (97.8%) in Manzese do 
not have designated places called kitchens. 
They either cook outside their houses or in 
the houses 

vii. Many respondents (37.8%) suggested that 
initial cost of the gas for cooking should be 
reviewed so that they can afford and 
91.1% of them cannot afford to cook using 
electricity. 
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5.2  Recommendations 

Basing on the findings of this study, the 
following recommendations were made: 
i. Air extraction fan could offer the best 

solution to minimizing the pollution in the 
indoor environment where natural 
ventilation is relatively impossible.  

ii. Awareness should be given to the people 
on the serious health effects caused by 
burning charcoal in the indoor 
environment  

iii. Encourage Manzese dwellers to have 
outside facility (kitchen) for cooking 
whenever possible 

iv. Households in the less ventilated areas of 
the city should be encouraged to use air 
extraction fans so as to minimize pollution 
levels 
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Abstract  

 

The word culture means a habit or behaviour and hence Prevention Culture is that habit of stopping 

things to continue happening and thereby containing the effects of the occurrences. In this context, the 

paper is targeting evolving approaches of containing occupational hazards at workplaces. Note that the 

transformation of natural resources into goods and services especially in Developing Countries is seen to 

attract the occurrence of occupational hazards as prevention culture is uncommon. Most occupational 

hazards are man-made. Falling from height, for example, demonstrates that some workers at height are 

sometimes careless in securing their position. Most work-related accidents and illnesses are therefore 

preventable. 

 

This paper aims at highlighting approaches which would influence the adoption of prevention measures 

against occurrences of occupational accidents and diseases. 

 

1.0  INTRODUCTION 

 

Occupational Safety and Health (OSH) at 

workplaces is a crossing-cutting issue that 

affects all spheres of life that includes industry, 

agriculture etc. Cultivating a culture of 

observing Occupational Safety and Health 

assurance at workplaces is very important and 

essential. When God created the universe, he 

entrusted it with plenty of natural resources 

which when subjected to engineering 

processes, produce goods and services to 

sustain human life. In this regard, ILO confirms 

that the production of goods and services is 

associated with occupational accidents and 

diseases. ILO says out of 2.34 million annual 

work-related deaths, 2.02 million deaths are 

caused by work-related diseases and 0.32 

million are through accidents and injuries. 

Occupational accidents and diseases are 

unwanted adverse events at workplaces 

affecting not only the individuals but also the 

society. Occupational accidents and diseases 

have negative impact on health and as well on 

success, image, recruitment and labour 

turnover of a company. 

 

2.0 INTERNATIONAL LABOUR 

ORGANISATION (ILO) AND BUILDING 

OSH PREVENTION CULTURE. 

 

In ILO terms Preventive Safety and Health 

Culture both at national and firm level is 

fundamental for improving Occupational 

Safety and Health (OSH) at workplaces. 

 

Continuous improvement of national OSH 

performance calls for the introduction of a 

national legal framework, OSH inspections, 

training network and availing technical 

supporting framework. With the national OSH 

framework system in place, prevention 

measures have to be carried out at firms level 

by the management and by the workers and be 

considered as an integral part of the business 

operations. Management and workers have to 

share common values to instill preventive 

Safety and Heath Culture. 

 

The whole game starts with interpreting 

Convention No. 187 ILO Promotional 

Framework for Occupational Safety and Health 

Convention 2006, “a National Preventive 

Safety and Health Culture”. This is a culture 

which the right to safe and health working 

mailto:es@iet.co.tz
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environment is respected at all levels, where 

government, employers and workers 

participate actively to have a safe and health 

working environment. The convention besides 

recognizing that workers have the right to a 

safe and healthy environment, advocates 

formulating OSH Policy and action plans.  

 

In order to build a national/firm preventive 

safety and health culture, improvement of in 

OSH knowledge and awareness at all levels 

(stakeholders) is necessary.  

 

Two steps taken by ILO are worth noting as 

being responsible for promoting preventive 

culture : 

(i) ILO promoting the building and 

monitoring of National Preventive Safety 

and Health Culture through observing 

the World Day for Safety and Health at 

Work places on 28th April of each year. 

(ii) Adopting the Seoul Declaration on Safety 

and Health at Work passed at Safety and 

Health Summit in 2008 in Seoul. Seoul 

Declaration recognises that  promoting 

high level Safety and Health at 

workplaces is the responsibility of the 

society and calls for building and 

maintaining a national preventive Safety 

and Health Culture and should consider 

OSH at workplaces as a national priority. 

 

3.0 ZERO ACCIDENT CONCEPT 

 

Zero Accident Concept is the ideal 

Occupational Safety and Health Preventive 

Culture initiative. This concept requires to 

eliminate occupational accidents and diseases 

at workplaces basing on the principle that all 

accidents are preventable. The concept is both 

an intellectual and practical challenge to 

provide safe work. Success in achieving Zero 

Accident Concept would mean overcoming 

occurrence of fatal accidents. 

 

Normally managers at workplaces aim at 

lowering accidents but in practice that is not 

easy; and whenever achieved, it is very 

difficult to maintain. Safety is a value as such, 

accident free workplace is a human right for 

each worker. 

 

Among pioneers of Zero Accident concept is 

the Finnish Government with its famous 

Finnish Institute of Occupational Health. 

Interested in promoting Zero Accident 

concept, the Finnish have managed to establish 

a Zero Accident Forum which is a Voluntary 

Network responsible for promoting accident 

prevention. The Forum propagates successful 

stories of Zero Accident concept. The Forum 

also organises seminars and provides tools 

and materials to promote Zero Accident 

concept. Membership commitment to the Zero 

Accident concept is the key concern of the 

Forum. The Forum urges workplaces to be 

committed to providing safe working 

environment. 

 

4.0 SITUATIONAL ANALYSIS OF 

PREVENTIVE OCCUPATIONAL SAFETY 

AND HEALTH (POSH) IN DEVELOPING 

COUNTRIES. 

 

Significant strides have been made in the push 

for economic development in most of the 

Developing Countries. These economical 

developments which involve human activities 

are propellants of industrialisation and are 

associated with occurrences of occupational 

accidents and diseases. Human activities 

poorly supervised contribute to collapsing of 

structures, unsecured plant and equipment, 

fires that contribute also to stampage, 

inhalation of dust and fumes, communicable 

diseases, fatality and injuries. There are also 

cases of accidents caused by lack of training, 

inexperience and weak law enforcement. 

 

As for occupational diseases, both 

Communicable Diseases (CD) – HIV AIDS, STD, 

TB, malaria, diarrhea and Non-Communicable 

Diseases (NCD) – Cardiovascular Cancer, 

respiratory, disorder diabetes have equally 

penetrated into workplaces thus causing 

deaths and disabilities. Consequences of the 

occupational accidents and diseases would be 

manageable if governments on undeveloping 
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countries had invested in the promotion of 

Prevention Culture to achieve better working 

environment. Inspection agencies like OSHA 

are not well equipped, lack adequate human 

resources to carry out monitoring inspections, 

lack inspection equipment and lack 

professional skills.  

 

It is important for both industrialised and 

developing countries to be party to the 2008 

ILO Seoul Declaration on Safety and Health at 

work. The Declaration proclaims that “A 

National Preventive Safety and Health Culture is 

one in which the Right to safe and healthy work 

environment is expected at all levels” where 

governments, employers and workers jointly 

cooperate to have a safe and healthy work 

environment by defining the Rights, 

responsibilities and duties to accord 

Prevention Culture the highest priority. 

 

It is being observed that Occupational Safety 

and Healthy non-compliance in developing 

countries is pathetic. Non-compliance has 

revealed the following phenomen at 

workplaces: 

(i) Collapse of walls/structures in the 

construction 

(ii) Negligence and lack of patience 

(psychostress) 

(iii) Unprotected plant and equipment 

(iv) Stampede in the case of riots/fires 

(v) Inexperience in operating plant  

(vi) Suffocation due to lack of air 

(vii) Absenteeism 

(viii) Weak regulatory authority 

 

Adoption of Preventive Safety and Health 

Culture to attain zero accidents will contain 

compensation, healthcare, rehabilitation and 

disability as cost of containing OSH incidences 

is so demanding and as such there is a need of 

adopting OSH Preventive measures. 

 

 

 

 

5.0  WAYS OF PROMOTING 

OCCUPATIONAL SAFETY AND HEALTH 

PREVENTION CULTURE 

 

Occupational Safety and Health Prevention 

Culture is defined as “an organisational 

atmosphere where safety and health are 

understood and accepted as Number one 

priority”.. Accidents are caused, hence 

cultivating preventive culture to protect 

workers from occupational hazards is vital. 

 

Financial burden to meet compensations, 

healthcares, rehabilitation and disability is 

enormous. WHO says, in some developing 

countries cost can be as high as 1% of the GDP 

of the country. Economic consequences would 

be manageable if governments had promoted 

prevention culture to achieve a better work 

environment. Inspection agencies in 

developing countries like OSHA are generally 

poorly equipped, coupled up with lack of 

adequate and competent human resources to 

carry out monitoring inspections, plant and 

equipment inspection and testing. Under such 

circumstances, the following issues must taken 

on board in adopting prevention culture: 

(i) Developing Occupational Safety and 

Health Policies both at national and firm 

level. 

(ii) Incorporating occupational Safety and 

Health agenda in strategic plans. 

(iii) Producing performance measurement 

reports 

(iv) Training workers at various levels to 

influence attitude change. 

(v) Carrying out Risk Assessment to identify 

risks and their mitigation. 

(vi) Monitoring, recording and reporting 

incidences. 

(vii) Availing a clear communication plan for 

effective transfer of information. 

(viii) Self-regulating through regular internal 

OSH audits with management taking 

appropriate measures. 

(ix) Involving workers and OSH communities 

at workplaces to realize Prevention 

Culture. 
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(x) Recognizing successful performers by 

rewarding them. 

 

60   BENEFITS 

  

Study on costs and benefits resulting from 

investing in Occupational Safety and Health 

endeavours as verified by the International 

Social Security Association (ISSA) has proved 

that there is an appreciable Return on 

Prevention. Prevention measures at the 

individual level in support of workers well-

being are essential for a healthy and active life.  

 

Investing in prevention culture based on legal 

and moral obligation, has the following 

benefits. 

(i) Provides opportunity employ competent 

operators, designers and contractors. 

(ii) Enhances observing standards and 

codes 

(iii) Promotes corporate image 

(iv) Increases productivity and business 

success 

(v) Provides stable income 

(vi) Provides an environment for 

competitiveness 

(vii) Ensures well-being of the individual 

(viii) Provides a conducive environment for 

training 

(ix) Provides an environment that will allow 

the  use of modern technologies in: 

 Warning Systems 

 Communication 

 Use of safer machines 

 Use of better controls. 

 

7.0 CONCLUSION AND RECOMMENDATION  

 

Though Occupational Safety and Health 

Prevention Culture in Tanzania is still new, 

OSHA, however, has made some initiatives. 

The initiatives need to be programmed to 

attain the objective. The initiatives include the 

recruitment of inspectors who, besides 

inspecting for compliance have also the duty to 

educate the employers about the benefits of 

adapting occupational Safety and Health 

compliance. The other initiative is conducting 

a number of courses whose aim is to get the 

participants understanding the OSH Act No. 

5/2003. OSHA also interprets ILO Conventions 

on Occupational Safety and Health and 

communicates the same to all stakeholders. 

 

Incidentally , , Occupational Safety and Health 

issues in Tanzania are shared also among 

other regulatory authorities like Contractors 

Registration Board (CRB), Engineers 

Registration Board (ERB), Architects, Quantity 

Surveyors Registration Board (AQRB) and 

Public Procurement Regulatory Authority 

(PPRA). The challenge here then is the 

synchronization of OSH issues for the benefit 

of all of the key players which include those 

regulatory authorities. 

 

It is being recommended that OSHA pioneers 

the adoption of the Prevention Culture concept 

and have implementation programmes  put in 

place. 
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UWP CONSULTING CELEBRATES 10 YEARS IN TANZANIA 

Henry J. Katma  

UWP Consulting (T) Ltd, P.O. Box 8151, Plot 421 Mikocheni B, Tel (022) 2780341 Mobile: 0784-209155 

Emails:  catma.h@uwp.co.tz, info@uwp.co.tz 

Dar es Salaam, Tanzania 

 

 

UWP Tanzania one 
 
UWP Consulting (Tanzania) 
opened its doors as a 
partnership between 

Tanzanian professionals and South African 
engineering consulting practice UWP 
Consulting a decade ago.  
 
The Tanzanian business has successfully 
completed roads and water projects valued at 
more than 10 million USD, with structures and 
capacity building assignments further 
expanding its portfolio in the last few years. 
 
UWP Consulting (Tanzania) was registered as 
a local engineering consulting firm in May 
2005, with five local professionals holding 
51% of the shares and UWP Holdings 49%. 
 
The company was started after Henry Catma, 
an engineer based in Dar es Salaam, responded 
to UWP’s search for an individual or small 
company to form a joint venture in Tanzania. 
The timing was particularly good as Catma and 
four other Tanzanian professionals were in the 
initial stages of establishing a local company 
called Tangroup Professionals Ltd. or 
TANPROL. 
 
“It was easy to integrate TANPROL with UWP 
SA to form UWP Consulting (Tanzania) since 
both were targeting the same markets,” says 
Catma, who has served as managing director of 
the company from its inception. 
 
The other founding shareholders in the 
company are not involved in the day-to-day 
operations. 

 
For several months Catma was the only full 
time employee in the fledgling Tanzanian 
business, but the first major breakthrough 
came in 2006 when three municipal road 
upgrading projects were awarded in 
succession and two more engineers joined the 
firm. Today UWP Consulting (Tanzania) has a 
staff complement of 20, including six 
professional engineers, and has successfully 
completed numerous projects alone and in 
joint venture with UWP SA. 
       
UWP Tanzania two 
 
Notable awards include the design of the 65km 
Tanga-Horohoroand 78km Peramiho-
Mbingaroads, and supervision of the high 
profile Lower Ruvu Water Treatment Plant 
providing potable water to Dar es Salaam. 
 
The company is looking to increase its client 
base by exploring opportunities in the private 
sector, in mining and through joint ventures 
with other professional firms in airport, 
railway and harbour projects. 

 

“We are also hoping to implement a strong 
succession plan by employing young 
professionals, providing training and giving 
them the opportunity to acquire shares. This is 
a continuous process which began in 2014 
when our first young professionals acquired a 
shareholding in UWP Consulting (Tanzania).” 
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INSTRUCTION TO AUTHORS 

 

Title Page 

 
YOUR PAPER'S TITLE STARTS HERE: 

PLEASE CENTER 

USE HELVETICA (TIMES NEW ROMAN) 14 

First Author1, a, Second Author2,band 

Others3,c 

1Full address of first author, including country 

2Full address of second author, including 

country 

3List all distinct addresses in the same way 

aemail, bemail, cemail (corresponding author) 

 

Abstract: Your abstract should not exceed 150 

words. It should present a concise statement 

of the scope, principal findings, conclusions 

and recommendations of the paper. 

Keywords: List at least four keywords 

covered in your paper. These keywords will 

also be used by the publisher to produce a 

keyword index. 

 

 
YOUR PAPER'S TITLE STARTS HERE: 

PLEASE CENTER 

USE HELVETICA (TIMES NEW ROMAN) 14 

(DO NOT INCLUDE NAMES) 

 
Abstract: Your abstract should not exceed 150 

words. It should present a concise statement 

of the scope, principal findings, conclusions 

and recommendations of the paper. 

Keywords: List at least four keywords 

covered in your paper. These keywords will 

also be used by the publisher to produce a 

keyword index. 

Introduction: This section should be succinct, 

with no subheadings - explaining the reasons 

for carrying out the work, outlining the 

essential background and clearly stating the 

nature of the hypotheses presented in the 

paper. 

Organization of the Text 

Section Headings: The section headings are in 

boldface capital and lowercase letters. Second 

level headings are typed as part of the 

succeeding paragraph (like the subsection 

heading of this paragraph). 

Page Numbers:  Do not print page numbers. 

Tables:  Tables (refer with: Table 1, Table 2, 

...) should be presented as part of the text, but 

in such a way as to avoid confusion with the 

text. A self-contained descriptive title should 

be placed above each table. Units in tables 

should be given in square brackets [meV]. If 

square brackets are not available, use curly 

{meV} or standard brackets (meV). 

Figures: Figures (refer with: Figure 1, Figure 

2, ...) also should be presented as part of the 

text, leaving enough space so that the caption 

will not be confused with the text. The caption 

should be self-contained and placed below or 

beside the figure. Generally, only original 

drawings or photographic reproductions are 

acceptable. Utmost care must be taken to 

insert the figures in correct alignment with the 

text. If possible, please include your figures as 

graphic images in the electronic version. For 

best quality the pictures should have a 

resolution of not less than 300 dpi (dots per 

inch). 

Symbols in Figures:  Always use 

discriminating symbols in graphical plots even 

when different colours are used, as hardcopy 

of paper will be in black and white print. 

Equations: All equations must be embedded 

in the text. Use Equation Editor for writing 

equations and observe that all Equations need 

to be numbered only if they are referred to 

more than once. Stack numerators over 

denominators and leave one blank line 

between equations and text, and between two 

equations. For example: 
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(3) 

Refer to equations in the text by (3) or Eq. 3. 

For equations in the text, use single-level 

expressions, e.g., mv = Δe / ΔsΔv, where Δe = Δe 

/ (1+e0).  (1) 

Literature References 

References are cited in the text using Surname 

of author and year of publication Mashaka 

(2012) or (Mashaka, 2012).  The abbreviation 

“et al” should be used in the text when there 

are more than two co-authors of cited paper, 

for example Makande et al., (2011).  Two or 

more references at a time should be in date 

order, for example (Mkiramweni, 1950; Juma, 

2003; Secha, 2012). The references are to be 

listed in alphabetical order at the end of the 

contribution under a heading References, see 

our example below.   

References (This format must be strictly 

followed for journal/conference proceeding 

articles, books and chapters in edited books as 

shown below) 

Reference to journal article: 

van der Geer, J.; Hanraads, J.A.J. ; and Lupton, 

R.A. The art of writing a scientific article, J. Sci. 

Commun. 163, pp. 51-59, 2000. 

Reference to a book: 

Strunk Jr., W. and White, E.B.The Elements of 

Style, 3rd ed., pp. 20-31, Macmillan, New York, 

1979. 

Reference to conference proceeding: 

Hanraads, J.A.J. and Lupton, R.A. The art of 

writing a scientific article, Pro. 32nd National 

writing conference, Mumbai vol 3, pp. 34-65, 

2003 

Reference to a chapter in an edited book: 

Mettam, G.R. and Adams, L.B. How to prepare 

an electronic version of your article, in: Jones, 

B.S. and Smith, R.Z. (Eds.), Introduction to the 

Electronic Age, E-Publishing Inc., New York, 

pp. 281-304, 1999. 

Reference to URL: 

Citing of websites is not encouraged except in 

exceptional circumstances such as obtaining 

information from company or professional 

sites as all sorts of information which may not 

be verifiable are found on the Internet. Journal 

articles extracted from the Web should cite the 

actual journal details which published the 

article and not the website. 

Conclusion: The conclusion summarizes the 

results of the work arising from the results and 

discussion. A common mistake by some 

authors is that they make spurious conclusions 

not derived from the results and discussion. If 

the material is important to be a conclusion, 

then it must first be discussed. 

Length of Paper: The maximum length of the 

paper shall be 15 pages, single line (including 

pictures, figures, tables and references). 

Deadline: The indicated deadline for receipt 

of final papers should be strictly adhered to. 

Papers received after the deadline will not be 

published.  

Email your Finished Paper 

Forward your finished paper in MS-WORD to 

the Chief Editor, The Tanzania Engineer email: 

jamidu_katima@yahoo.co.uk or 

jkatima@katma.org and copy it to IET email: 

info@iet.co.tz 
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