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EXECUTIVE SUMMARY
Introduction
The use of most POPs chemicals listed in Annex A and B of the Stockholm Convention was
intensive in the country in 1970s and 80s, but these have since been banned. However, the
country grapples with the management of Stockpiles of obsolete pesticides and other
persistent chemicals identified in the National inventory of POPs. According to the inventory
there are over 15,000 tonnes of obsolete pesticides distributed countrywide. There are also
areas with pesticides contaminated soil that require environmental sound technology for
appropriate remediation activities. Emission of unintentional POPs is also high, estimated at
4000 TEQ g/year, mainly from combustion of wastes. There are also obsolete stocks of PCBs
containing equipment that require safe disposal. In general, the occurrence of stockpiles of
POPs and contaminated soils in the country will continue to impact environmental quality in
the future. Therefore, a concerted effort among the policy makers, scientists, regulators and
development partners is required to developed sustainable mitigation measures to reduce
POPs stockpiles and production of unintentional POPs.
The National Implementation Plan for POPs recommends development of a strategy for
national chemical management, governance and development of regulatory instruments for
chemicals including POPs, institutional human and analytical capacity building to identify,
quantify and monitor all POPs chemicals in all media including the Global Monitoring Plan
(GMP) matrices and cleanup of contaminated sites. In addition, there is also need to develop
tools sustainable financing and prudent financial management, public participation,
awareness and education, and facilitating reporting requirement for POPs in all media.
UNEP/GEF Project Objectives
The main objective of the project was to enhance the capacity of six countries in Eastern and
Southern Africa namely: Kenya, Uganda, Ethiopia, Egypt, Zambia and Mauritius to analyse
POPs in core media, hence supporting the countries in contributing to data reporting under
the Stockholm Convention. Specifically, the project sought:
1) Coordination of POPs sampling and analysis including relevant contracts with the
relevant institutions during the fact finding and training phase of the project;
2) Establishment of a functioning laboratory for sampling of ambient air and human milk
samples;
3) Facilitation of laboratory visits and training by UNEP staff and expert back-up
laboratories to the local laboratory;
4) Generation of POPs results from laboratories during training and development of relevant
protocols and reports
5) Provision of office supplies and identification of needs for laboratory consumables
6) Participation in inter-calibration studies and analysis of national samples
7) Production of national report
8) Organization of national workshop to disseminate the final results
Methodology
Kenya was the overall regional project coordinator, with additional national coordination
arrangements for ambient air sampling, Human milk sampling and the POPs laboratory
activities. Arrangement at National Level for implementing UNEP-GEF project was based on
the existing national framework for human milk survey, Passive Air Sampling (PAS) and the
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ongoing activities at the POPs research laboratory. The partners involved agreed on the
organizational arrangement during the inception workshop held in January 2010.
Results
Nineteen trainees from six local laboratories were trained to analyse POPs in core media
(human milk and ambient air) and other matrices such as sediment and fish. The trainees
were from different national laboratories and included: the Department of Chemistry
University of Nairobi, Department of Public Health and Pharmacology (DPHP) University of
Nairobi, Pest Control Products Board (PCPB), Kenya Plant Health Inspectorate Services
(KEPHIS), Kenya Bureau of Standards (KEBS) and Kenya Revenue Authority (KRA).
The project also supported participation the local laboratories in the inter-laboratory
proficiency testing. The Department of chemistry participated in the analysis of standard
solutions of PCBs and OCPs, human milk, fish, fly ash and sediments. Further intercomparison was done using the ambient air PUF filters, soil, sediment and fish collected
locally.
Human milk data revealed high levels of DDTs especially p,p’-DDE. Dieldrin levels were
also significantly high. Among the HCHs, γ-HCH and β-HCH were detected at nanogram
levels. However, aldrin, chlordanes, heptachlors, mirex, toxaphenes (26, 50 and 62) and
endrins were not detected in human milk.
Dioxins and furans were also detected in human milk at pictogram level. Furans
concentration varied from 0.045-1.4 pg/g lipid, whereas dioxin concentrations ranged from
0.268-52.3 pg/g lipid.
Indicator PCBs in human milk varied from 0.167-1.29 ng/g lipid, whereas the sum indicator
PCBs was 4.32 ng/g lipid. Mono-ortho PCBs were also detected at significantly high
concentration, whereas the non-ortho were the lowest in concentration.
The results of analysis of local environmental samples revealed the presence of POPs
pesticides such as aldrin and dieldrin in fish and sediments, DDT and DDE in soil samples,
whereas ambient air reveal high levels of aldrin, DDE and DDT.
DDTs, HCHs, dieldrin and aldrin showed the highest concentrations in ambient air samples
from Kabete. However, o,p-DDT was considerably lower than their p,p’-DDT counterparts
throughout the year. Other OCPs detected at low levels were chlordanes, heptachlors and
endrin. Based on the observed levels across the seasons, the residues measured in air could be
attributed to local air circulations rather than point source contamination.
The results of inter-calibration study revealed existence of local capacity at the Department of
Chemistry to analyse basic POPs in core media. However, lack of high resolution equipments
like GC-MS at the Department undermines the ability to provide data on advanced POPs like
dioxins, furans, Toxaphene and new POPs such as PBDEs. Equally, some new POPs like
PFOS will require a completely new method and analytical instrumentation such as LC-MS.
Nevertheless, the country should strive to build national capacity to adequately analyse all
POPs and other persistent chemicals in environment, since this is the only way to prove that
management strategies are being effective, and the general public is safe from environmental
contaminants.
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Conclusions
The results obtained from the pooled samples indicate presence of POPs in the human milk
which reflects environmental contamination. Among the basic POPs, DDT group, dieldrin,
trans- nonachlor and hexachlorobenzene were detected. The presence of o,p’DDT and
p,p’DDT may indicate current use of DDT in the environment although DDE is a major
contributor to total DDT. A number of mothers (13-15%) in the pool indicated the use of
DDT in indoor spraying to control mosquitoes which may have contributed to the high level
of DDT in their milk in addition to consumption of fish, eggs and other foods of animal
origin.
The detection of dieldrin may also reflect the use of aldrin or dieldrin in the environment
since both are restricted for termite control in the country. Aldrin may also metabolize to
dieldrin in the environment. Other sources could be from the diet especially fish. Studies
done in the department on organochlorine residues in fish, water and sediment from Lake
Victoria indicated high levels of dieldrin in fish compared to other matrices.
From the pooled samples PCBs, PCDD and PCDFs were also detected. The presence of
detectable levels is of great concern because of the cumulative effects of these pollutants. All
these chemicals are known to biomagnify along the food chain and in most cases man is at
the top of the food chain. They may enter the body through inhalation, ingestion or by
occupational exposure. All these chemicals have been associated with many chronic diseases
including endocrine disruption, reproductive and immune dysfunction.
However, primary preventive measures to control and reduce the input of these chemicals
into the environment should be considered the most effective way to limit and minimize
exposure and mothers should be encouraged to continue breast feeding since the benefits of
breastfeeding outweigh possible negative effects of traces of POPs in breast milk.
The ambient air POPs data revealed the presence of POPs pesticides and PCBs in
environment. Although the levels are low, the persistent and bioa-cummulative nature of
these chemicals is significant enough to raise caution. Furthermore, sites like Kabete are
considered serene and detection of POPs is an indicator that hot spot could have a higher
burden.
Caution is therefore raised to the concerned ministries to support ambient air monitoring
activities to establish data on POPs in the City, and the country at large. Establishment of
national baseline data capturing the hot spots will be paramount in giving the national
guidance on appropriate interventions and mitigation measures to reduce POPs levels in
environment.
A wide number of POPs pesticides and PCBs were detected in national and mirror samples,
which is an evidence of national capacity to detect these compounds. However, it is also a
national concern to ensure a reduction of POPs in environment in effort to protect the public.
Attention is made to the fact that the country does not have analytical capacity to handle more
sophisticated POPs such dioxins and furan, as well as some new POPs such as PBDE, PFOS
among others.
The Department would like to affirm its interest to keep the established collaborations locally
and internationally. But is also keen to establish new collaborations to widen the scope of
cooperation with the wider global community in effort to strengthen the existing capacity to
vi
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offer better service to the community.
Recommendations
The analysis of the remaining individual samples may help to identify the areas with the
highest exposure to these chemicals. Air sampling from the areas where indoor spraying with
DDT takes place would provide additional data to explain POPs levels in human milk.
Many people are not aware of risks associated with environmental pollution of dioxins and
furans; need to educate the population and city planners. Furthermore, since very few
laboratories are capable of carrying routine analysis even for monitoring purposes; more
training required-continued capacity building and lab reviews/updates, together with
continued collaborative studies both local and international
There is need to expand air monitoring assessment to capture high gradient sites. This will
help in tracking the impact of remediation and mitigation measures taken at national
regulatory levels to reduce POPs in environment.
More holistic sampling of POPs should be sought to capture actual concentrations in air using
active samplers. However, this will require investment in active air sampling designed for
POPs sampling.
The need to establish a national POPs monitoring programme to provide baseline data on
POPs levels cannot be over emphasized. Such programme will be able to provide trends in
POPs levels and there be used to assess effectiveness of regulatory instruments enforced.
There is need to strengthen information exchange among the national scientists, regulatory
organisations and policy makers in addressing POPs mitigation measures in the country
POPs monitoring activities can be strengthened at national level by streamlining them in the
national research and development agenda in order to protect the general public and workers
from POPs related health effects.
There is need to support POPs laboratories to participate in the UNEP inter-laboratory study
and in other inter-laboratory studies on POPs where possible to compare their results with
other laboratories.
There is need for financial support to improve the performance of the POPs research
laboratory to provide data on more POPs under the Convention. In addition, financial
resources are required to upgrade the analytical equipment at the Department to GC-MS
systems which have higher resolution and analytical capabilities.
National POPs laboratory training in POPs analysis should be encouraged to build capacity
for POPs analysis in the country.
Collaboration with backup laboratories should be kept to strengthen the established national
capacity for POPs work.
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1
1.1

INTRODUCTION
National context

The republic of Kenya lies on the eastern part of the African continent within latitudes 4º
North and 4º South and longitudes 34º and 41º East (GoK, 2010). It borders Ethiopia and
Sudan to the North, Somalia to the East, Tanzania to the South and Uganda to the West. It
covers a total surface area of 582,246 km2, comprising of 97.8% land and 2.2% surface water
(GOK, 2011). The altitude varies with heights ranging from sea-level at the Indian Ocean in the
East and rising to 5,199 meters above sea level at the peak of Mount Kenya. Approximately
80% of the country’s land is arid and semi arid, leaving only 20% arable land.
The national climate and weather conditions are dominantly controlled by The Inter-Tropical
Convergence Zone (ITCZ), Topography and aspect which influence the intensity of ITCZ,
latitude which affects the timing of rainfall minima and maxima and the Inland lakes which
provide local sources of moisture. The ITCZ, also called the equatorial trough forms the area of
convergence between the dry continental air mass (N/E trade winds) and the moist, tropical S/E
trade winds. The pattern of rainfall results from the annual north-south shift of the ITCZ. Over
the oceans the ITCZ characterizes an area of “doldrums” winds which are generally calm;
however, over the land the ITCZ is a zone of converging winds and instability (Kareri, 2011).

Most parts in the country experience two seasonal rainfall peaks (bimodal) in most places.
However, some stations in the western and central parts of the Rift Valley experience trimodal rainfall pattern. The bimodal nature of rainfall corresponds with the northward and
southward migration of the Inter-Tropical Convergence Zone. The first peak or season
termed as the “Long-rains” in the East Africa region occurs from March to May while the
second season, termed as the “Short-rains” is observed from October to December. The
western parts of the country, receive considerable rainfall during the June-September season.
This is associated with the incursion of the Congo air mass. The January to February period is
generally dry over most parts of the country. The northeasterly monsoons, which are
dominant at this time, are diffluent and dry (Anyamba, 1983 and WSC, 1972). The annual
rainfall ranges from less than 250 mm in the northern, eastern and southeastern parts to over
2000 mm in the Central Highlands, Western Highlands and the Lake Victoria basin.
40% of all industries in the country are located in Nairobi. Other urban centers with significant
industrial presence are Mombasa, Kisumu, Nakuru, Eldoret, Thika and Nanyuki.

POPs Situation in Kenya
The use of most POPs chemicals listed in Annex A and B of the Stockholm Convention was
intensive in 1970s and 80s, but these have since been banned. However, the country grapples
with the management of Stockpiles of obsolete pesticides and other persistent chemicals
identified in the National inventory of POPs (GoK, 2005). According to the inventory there
are over 15,000 tonnes of obsolete pesticides distributed countrywide. There are also areas
with pesticides contaminated soil that require environmental sound technology for
appropriate remediation activities. Emission of unintentional POPs is also high, estimated at
4000 TEQ g/year, mainly from combustion of wastes. There are also obsolete stocks of PCBs
containing equipment that require safe disposal. The occurrence of stockpiles of POPs and
contaminated soils in the country will continue to impact environmental quality in the future.
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Therefore, a concerted effort among the policy makers, scientists, regulators and development
partners is required to developed sustainable mitigation measures to reduce POPs stockpiles
and production of unintentional POPs.
According to the Kenya NIP for POPs the following national activities are of high priority:
development of a strategy for national chemical management, governance and development
of regulatory instruments for chemicals including POPs, institutional human and analytical
capacity building to identify, quantify and monitor all POPs chemicals in all media including
the Global Monitoring Plan (GMP) matrices and cleanup of contaminated sites. In addition,
there is also need to develop tools sustainable financing and prudent financial management,
public participation, awareness and education, and facilitating reporting requirement for
POPs in all media.

1.2

Project Objectives

The main objective of the UNEP-GEF project was to enhance the capacity of developing
countries in Eastern and Southern Africa to analyse POPs in core media, hence supporting the
countries in contributing to data reporting under the Stockholm Convention
Specific Objectives were:
1) Coordination of national activities on POPs sampling and analysis including relevant
contracts with the relevant institutions during the fact finding and training phase of the
project.
2) Establishment of a functioning laboratory for sampling of ambient air and human milk
samples
3) Facilitation of laboratory visits and training by UNEP staff and expert back-up
laboratories to the local laboratory
4) Generation of POPs results from laboratories during training and development of
relevant protocols and reports
5) Provision of office supplies and identification of needs for laboratory consumables
6) Participation in inter-calibration studies and analysis of national samples
7) Production of national report
8) Organization of national workshop to disseminate the final results

1.3

Organizational Framework

Kenya as the project coordinator had five levels of organizational arrangements: The overall
project coordinator, the national coordinator, Ambient air coordinator, Human milk
coordinator and the POPs laboratory coordinator. Arrangement at National Level for
implementing UNEP-GEF project was based on the existing national framework for human
milk survey, Passive Air Sampling (PAS) and the ongoing activities at the POPs research
laboratory. The partners involved agreed on the organizational arrangement during the
inception workshop held in January 2010. The figure 1 below summarises the organizational
arrangement and coordination framework followed for the implementation of the UNEP-GEF
project in Kenya.
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Subregional
coordinator

National
coordinators

UNEP Project
Coordinator

Backup laboratories

Implementing institutions
1. Ambient Air sampling
2. Human milk sampling
3. POPs research Laboratory)

Figure 1: Organizational Framework

1.4

National Activities

National Workshops
Kenya has had three workshops under the project. The first meeting was the project inception
workshop held in January 2010. The workshop brought together all the regional participants
to plan on the implementation of the project. The national partners agreed on distribution of
activities and time frame.
The second workshop was held in October 2010, for hands on training. 19 participants were
trained on extraction, clean up, fractionation and analysis of POPs in ambient air, sediments
and biota, as well as data analysis, interpretation, reporting and trouble shooting of gas
chromatograph.
The third was the national workshop held on 27th July, 2011, which was set for dissemination
of the project findings to the national stakeholders and to provide a framework for discussion,
prioritization and way forward for national POPs monitoring and research activities in the
country.
National Meetings
Although the national project partners have been in touch during the implementation of the
project activities, a national planning meeting was held on 14th June 2011 to agree on the
modalities of drafting of the joint national report and finalization of the project activities. The
timeframe for developing the national report and the date for the national stakeholders’
workshop was agreed on in the meeting.
The national stakeholders’ workshop was conducted on 27th July 2011. The participants
hailed from various national agencies including regulatory agencies, environment and health
sectors. The participants were informed about the objectives and activities of the UNEP/GEF
capacity enhancement project and POPs monitoring activities under the Monitoring Network
for Africa (MONET- Africa). The results for POPs in core media were presented by the
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Departments of Chemistry and Public Health, Pharmacology and Toxicology of the
University of Nairobi. The summary of the presentations was as follows. Figure 1.2 shows a
group photograph of the national workshop participants.

Figure 1.2: Group photograph of the participants of the National Stakeholders’ Workshop

The data produced under the UNEP GEF project was presented to the participants, which
included the results of the training workshop, national samples, mirror samples, Interlaboratory calibration/proficiency testing. It was noted that the main limitation in POPs
analysis is in the analysis of PCDD, PCDF due to lack of high resolution equipment such as
GC-MS and LC-MS.
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Figure 1.3: Participants of the National stakeholders meeting during discussion session

National Data collection Activities
The main national activities under the UNEP-GEF project were sampling and analysis of
POPs in ambient air and human milk, capacity enhancement, trainings and dissemination of
the project activities to the national stakeholders. Other activities included analysis of POPs
in inter-calibration samples and other media such as soil, fish, fly ash and sediments for intercomparison purposes.

1.5
1.5.1

Mothers’ Milk Sampling
Set-up

Three provincial areas were identified for sample collection representing one urban area and
two rural areas where minimal use of agricultural chemicals have been reported and also not
close to any POPs releasing sites (also considered in area selection was stable diet, lifestyle
and agricultural activities). Two mother-child health (MCH) clinics were selected in each
area (Table 1)
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Table 1: Selected Areas and Clinics

RURAL AREA
Garissa (North Eastern)

URBAN AREA

Karatina (Central)

Nairobi

MCH (Garissa General H.)

Ndimaini MCH

Mbagathi MCH

Outreach Clinic (Barabara)

Kianjogu clinic

Bahati NCC

Clinics:

1.5.2

Development of National Protocol

The protocol was prepared using WHO guidelines for developing a national protocol (revised
1 October 2007) for the monitoring of POPs in human milk, consistent with the requirements
of Article 19 of the Stockholm Convention on POPs. The national protocol was prepared so
as to make it practical, feasible and sustainable, and meet the aims of the survey especially
for generating comparable monitoring data over time.

1.5.3

Aims of the Protocol

The main aims of the planned survey were as follows:
To provide information on the public health implications of POPs by:
• extending and strengthening the WHO GEMS/Food studies of human exposure to
include all Stockholm POPs;
• providing data to health, environment, agriculture and fisheries sectors on human
exposure to POPs for possible use in risk assessment and management; and,
• identifying needs for further national studies, including epidemiological follow-up
studies.
To provide accessible, reliable and comparable data on levels of POPs in human milk for
purposes of the Stockholm Convention by:
• assisting in the formulation or revision of National Implementation Plan under Article
7;
• contributing to the evaluation of the effectiveness of Stockholm Convention in the
reduction or elimination of the release of POPs into the environment as required under
Article 16; and,
• addressing relevant provisions of Article 11 regarding research and monitoring of
POPs.
Human milk surveys should support and strengthen, where feasible, national capabilities for
the monitoring and sound management of POPs as well as other potentially hazardous
chemicals in the food supply. The surveys should also be used to examine levels within
countries over time.
In order to promote reliability and comparability, participating countries were encouraged to
adhere as closely to the protocol as possible.
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The national protocol meets all national ethical requirements for human subjects, including
informed consent of donors and confidentiality, and in addition quality assurance and control
of POPs analyses are major considerations in any protocol.
Other topics to be considered in these guidelines are: criteria and selection of donors, number
of samples, sampling method, sample handling, preparation of pooled sample, model donor
questionnaire and informed consent form, transport and storage, analysis of pooled and
individual samples and estimated timeline and budget.

1.5.4

Methodology

The following activities were initially undertaken before sampling started:
1) consultative meetings with representatives from the Ministry of Health and Ministry
of Environment (both national and provincial)
2) Inception meetings and on-site training on milk sampling techniques, interviews,
filling of the questionnaires etc. (Community Health Facilitators, research assistants)
from selected areas.
3) Issuing of the covering letter from the Ministry of Health before sampling

1.5.4.1

Selection of Donors

Due to the time constraints of the samples collection, interviewing of potential donors took
place at post-natal or well-baby clinics. The selection and visiting the clinics was done prior
to collection of samples in order to acquaint oneself with the staff and facilities and made the
necessary arrangements before the selection of donors. Training was also done for those who
assisted in milk sampling. The criteria for selection of donors were strictly adhered to, as
stipulated in the protocol and only those mothers who met the criteria were considerd.
Some of the established criteria for selecting women as potential donors was that both the
mother and infant should be apparently healthy with a normal pregnancy and the mother
should be under 30 years of age and breastfeeding her first child only.
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1.5.4.2

Collection of Milk Samples

Collection of samples was conducted at health clinics providing postnatal services but some
arrangements were made to visit the mothers at their homes especially those who could not
get enough milk at the time but this was also done under supervision of health personnel from
the clinic.
A minimum of 50 individual samples for the survey were collected between 3 to 8 weeks
(21days to 2months) after delivery. Completion of the questionnaire was done at the time of
sample collection, where individual interviews were conducted and the willing donors signed
the Informed Consent Form.
At least 50 ml of milk in total was collected by hand expression directly to the collecting jars
and, the samples were only collected from healthy donors. Sample collection jars were
labeled with the donor's individual identification and area code and not the name of the
mother. All samples were stored in deep freezers during the collection period and then
transported to the designated laboratory (Department of Public Health, Pharmacology and
Toxicology, University of Nairobi) where they were kept deep frozen at -20°C while
awaiting shipment and analysis.

1.5.4.3

Preparation of Individual and Pooled Samples

Both individual and pooled samples were prepared in the analytical laboratory at PHPT
laboratory as per the following procedure:
Sample preparation scheme (2):
Preparation of individual samples for analysis of basic POPs and of pooled (mixed) samples
The 50 individual samples of 50 ml each were thawed to room temperature and shaken
intensely before taking an aliquot
1) From 16 individual samples: 25 ml was taken into 500 ml bottle (Bottle A)
(16 ml *25 ea = 400 ml in 500 ml bottle)
2) From 34 individual samples: 25 ml was taken into 1000 ml bottle (Bottle B)
(34 ml *25 ea = 850 ml in 1000 ml bottle

1.5.4.4

Storage and Shipment of Pooled Samples

Both bottle A and bottle B were packaged and sent to the State Institute for Chemical and
Veterinary Analysis of Food (CVUA) in Freiburg, Germany which is the WHO Reference
Laboratory for preparation of representative pooled samples and analysis. The pooled
samples accompanied by the completed summary of information from the questionnaire
(Table 3).
The remaining 50 individual samples containing 25ml each were well packed and stored in a
deep freezer waiting analysis for basic POPs (pesticide POPs and marker PCBs).
CVUA is the WHO Reference Laboratory for the fourth WHO-coordinated human milk study for
POPs.
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1.5.4.5

Analysis of Pooled Samples

Pooled sample A
450 ml analyzed at WHO Reference Lab for analytically simple and complex POPs (a complete
list of analytically simple and complex POPs as well as some optional POPs is given in Annex 2.)

Pooled sample B
50 ml to be analyzed at PHPT Lab (on request) for basic POPs
Pooled sample C
750ml; for WHO Global human milk bank
The remainder of the collected sample

25 ml; Individual samples were kept for use in analysis of basic POPs in Kenya (PHPT Lab)

1.6
1.6.1

Passive Air Sampling
Set-up

The sampling site for UNEP-GEF project was located at the University of Nairobi Kabete
Campus. The sampling equipments were co-located with the ongoing samplers established
for GMP in 2008. Three more samplers were added to accommodate sampling for OCPs,
PCBs and Dioxins, and for sharing between the local and back up laboratories. The samplers
were mounted on metallic stands, each 2 meters high, to allow sampling height equivalent to
average human breathing distance from the ground. Figure 2 shows passive air samplers
launched at Kabete site.

Figure 2. Ambient Air Sampling Site at Kabete
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1.6.2

Description of Kabete Sampling Sites

Kabete ambient air sampling site is located about 14 km North West of Nairobi City, at an
altitude of 1841 m, 10⁰14’58’’S and 036⁰44’33’’E. The site is categorized as an urban
background site due to proximity to Nairobi City. However, it is surrounded by Kabete forest
to the Eastern side, University of Nairobi, College of Agriculture and Veterinary Sciences
farms to the West. The station was selected as a passive air monitoring site under this project
due to its close proximity to the POPs analytical laboratory at the University of Nairobi and
limited influence from human activities from the City.

1.6.3

Methodology

The samplers were placed at meteorological sub-station based on the existing request made
by the Department of Chemistry to the Kenya Meteorological Department in 2008.
Sampling was launched on 1st April 2010 for all the POPs. The filters were exchanged every
three months (30th June 2010, 4th October 2010, 31st December 2010 and 31st March 2011).

1.6.4

Sampling Methodology

Table 2 shows the summary of exposure periods for polyurethane foam (PUF) filters and
national samples (soil, fish and sediments) analysed in the project. Air sampling started on 1st
April 2010. Filters were exchanged every 3 moths till 31st March 2011. Handling of samplers
and filters followed the Air sampling protocol provided by RECETOX Annex II.
Soil, fish and sediments were collected once, homogenized and shared among IVM, MTM
and Department of Chemistry, University of Nairobi.

1.6.5

Fish Samples

Fish samples (Tilapia Zillii) were purchased from vendors at the Nairobi City Market. The
samples had been collected from Lake Victoria (Verbal communication from the vendors).
The muscles were sliced off from the fish, chopped into small pieces and homogenized in a
mortar, and packed in 50 ml glass bottles in a freezer at -20 ⁰C till analysis.

1.6.6

Soil Samples

Soil samples were collected from Kitengela Obsolete pesticide dumpsite, ground into powder
and sieved though a fine mesh. 20 gram samples were packed in 50 ml amber glass bottles
and preserved in a freezer at -20 ⁰C till analysis.

1.6.7

Sediment Samples

Sediments were collected from Lake Victoria drainage basin, air dried for one week and
ground into fine powder. Homogenized sample (20 g) was weighed into 50 ml amber glass
bottles and preserved in a freezer at -20 ⁰C.
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Table 2: Summary of Exposure Times and Sample Handling

analysis description of sample
1

PAS Seasonal Sample from FIRST
exposure period, sampler 1
PAS Seasonal Sample from FIRST
exposure period, sampler 2
PAS Seasonal Sample from SECOND
exposure period, sampler 1
PAS Seasonal Sample from SECOND
exposure period, sampler 2
PAS Seasonal Sample from THIRD
exposure period, sampler 1
PAS Seasonal Sample from THIRD
exposure period, sampler 2
PAS Seasonal Sample from FOURTH
exposure period, sampler 1
PAS Seasonal Sample from FOURTH
exposure period, sampler 2

date of air
sampler
sample
deployment (if
unique sample code (i)material (ii) pretreatment of sampleapplicable)

-20.00

ASAP

yes

IVM

Kabete

-20.00

ASAP

yes

IVM

30th June 2010 4th Oct 2010

Kabete

-20.00

ASAP

yes

IVM

n/a

30th june 2010

4th Oct 2010

Kabete

-20.00

ASAP

yes

IVM

PUF disc

n/a

4th Oct 2010

31st Dec 2010 Kabete

-20.00

ASAP

yes

IVM

KEN-IVM-2-III

PUF disc

n/a

4th Oct 2010

-20.00

ASAP

yes

IVM

KEN-IVM-1-IV

PUF disc

n/a

31st Dec 2010

-20.00

yes

IVM

KEN-IVM-2-IV

PUF disc

n/a

31st Dec 2010

31th Dec 2010 Kabete
31st March
2011
Kabete
31st March
2011
Kabete

-20.00

yes

IVM

KEN-MTM-5-I

PUF disc

n/a

1st April 2010

30th June
2010

KEN-MTM-5-II

PUF disc

n/a

30th June 2010 4th Oct 2010

KEN-MTM-5-III

PUF disc

n/a

4th Oct 2010

6
7
8

KEN-MTM-5-IV
KEN-IVM-A1
KEN-IVM-A2
KEN-IVM-A3

PUF disc
Sediment
Fish
Soil

n/a
Dry and sieved
Homogenised (wet)
Dry and sieved

9

KEN-MTM-A1

sediment

10

KEN-MTM-A2

Fish

3

4

5

PAS Seasonal Sample from first
exposure period, sampler 5
PAS Seasonal Sample from second
exposure period, sampler 5
PAS Seasonal Sample from third
exposure period, sampler 5
PAS Seasonal Sample from fourth
exposure period, sampler 5

PUF disc

n/a

1st April 2010

KEN-IVM-2-I

PUF disc

n/a

1st April 2010

KEN-IVM-1-II

PUF disc

n/a

KEN-IVM-2-II

PUF disc

KEN-IVM-1-III

30th June
2010
30th June
2010

Kabete

2

KEN-IVM-1-I

sample
location
sampling date name

date
sample
availabl
sample storage e for
mass temp
shipmen Basic POPs Dioxins Schipmen
(g) (iv ) (Celsius) t to IVM
at IVM at MTM t to (v)

Kabete

-20.00

Kabete

-20.00

31st Dec 2010 Kabete
31st March
2011
Kabete

-20.00

20g
20g
20g

-20.00
-20.00
-20.00
-20.00

Dry and sieved

20g

-20.00

Homogenised (wet)

20g

-20.00

31st Dec 2010

Dioxins/dl
pcbs
Dioxins/dl
pcbs
Dioxins/dl
pcbs
Dioxins/dl
pcbs
yes
yes
yes
Dioxins/dl
pcbs
Dioxins/dl
pcbs

yes

MTM

yes

MTM

yes

MTM

yes

MTM
IVM
IVM
IVM

yes

MTM

yes

MTM
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1.7
1.7.1

Analytical Methodology
Extraction

In the laboratory the PUF filters were spiked with 100 µl mixture of PCB 103 and 198 and
extracted for 16 hours using HPLC grade dichloromethane. The extracts were treated with 2
ml isooctane and reduced to 2 ml using rotary evaporator. The samples were further reduced
to 1ml under a stream of nitrogen and cleaned by deactivated aluminum oxide method.

1.7.2

Clean up

Clean up was effected by eluting the sample though a column of deactivated aluminium oxide
(15 g), laced with 1 cm of activated anhydrous sodium sulphate. The extract vial was rinsed
thrice with 1 ml hexane and transferred to the column. The sample was then eluded with 165
ml of HPLC grade hexane and concentrated to 1 ml, using a rotary evaporator.

1.7.3

Fractionation

Fractionation was effected by eluting the sample through a glass column packed with 1.8 g
deactivated SiO2. Before introduction of the sample, silica was pre-extracted with 15 ml
hexane and discarded. The sample was introduced on to the column and the vial rinsed thrice
onto the column, eluted with 11 ml n-hexane. The eluent was labeled fraction I for analysis of
PCBs and some hydrophobic OCPs. The column was then eluded with 10 ml mixture of
Hexane:diethylether (8.5:1.5 v/v). The eluent was labeled fraction 2, and used for analysis of
OCPs only.

1.7.4

GC analysis

Analysis of samples was done using Agilent 6890 equipped with µ-ECD and capillary
columns. Sample identification was based on standard reference materials supplied by IVM.
Quantification was done based on external standard method.

1. 8

POPs Research Laboratory

Kenya has designated the POPs laboratory at the Department of Chemistry, University of
Nairobi, for participation in this project. The Department of Chemistry has previously
participated in the UNEP/GEF Medium size project on assessment of existing capacity and
capacity building needs and is a Tier 3 lab, i.e., it does POPs analysis using HRGC/ECD. In
this project, the staff at the Department of Chemistry were trained on new method for
analyzing POPs in biota, soil and sediments. The department also participated in an
international inter-laboratory calibration activity organized by the UNEP/GEF project aimed
at testing proficiency of the laboratories to analyze POPs in biota, sediment and standard
solution. The project contributed to improvement of the analytical performance of the
laboratory to handle organochlorine POPs pesticides and PCBs.
The laboratory is specialized in environmental samples and has developed experience in
ambient air sampling. The Department of Chemistry undertakes training and research but also
runs a number of governmental projects and has cooperation with other institutions outside of
12
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Kenya. The department is willing to participate in training other staff from laboratories in the
region. The laboratory need to enhance its capacity with regard to analytical equipment that
can be able to analyse all 12 Conventional POPs and new POPs such as high resolution GCMS, provision of spares, consumables and small equipment required to improve the
extraction, cleanup and analysis procedures. Also there is need for participation in interlaboratory calibration studies for GMP matrices and training to improve the competence in
handling these matrices.

1.8.1

Description of the POPs Research Laboratory

The POPs research laboratory at the Departments of Chemistry sits on a 72m2 area, divided
into two sections: General laboratory work area for extraction, cleanup, fractionation and
sample reduction procedures, and the instrument room for sample analysis and analytical
measurements. There are also three other independent rooms attached to the laboratory work
for sample storage and analysis where other analytical instruments are located. Figure 3
shows part of the participants of the training workshop, while Figure 4 shows a section of the
POPs laboratory.

Figure 3: Traning workshop participants and the Trainer from IVM

The photograph below shows participants of the training workshop preparing samples in the
laboratory.
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Figure 4: A section of the main POPs laboratory

1. 9

Training, Consumables, Analyses, Matrices

The Department of Chemistry University of Nairobi hosted the national training on analysis
of POPs in core media from 18th to 22nd October 2010. The workshop was part of the UNEP
“Capacity building for POP analysis” through hands on training. Nineteen participants were
trained on extraction, clean up, GC-analysis and QA/QC procedures. The Figure 4 below
shows part of the training session. The training was offered by Mr. Martin van Velzen (BSc),
from the Institute for Environmental Studies (IVM) at the VU University, Amsterdam,
Netherlands.

14

National Report from Kenya

Figure 4: Workshop in Progress

Part of the training workshop materials were supplied by UNEP through the back laboratory.
These included GC capillary columns, Soxhlet extractors and condensers, syringes, carrier
gas purification systems, liners, ferules, septa, consumable chemicals and glassware.
Sample analysis was conducted using Agilent 6890N equipped with µ-ECD. Helium line was
installed for carried gas, whereas nitrogen was the make-up gas. Samples analysed include
exposed polyurethane foam filters, sediments, soil and biota.

Figure 5: Workshop Participants Attending a Theory Lecture
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2
2.1

RESULTS AND DISCUSSION
General Assessment of the Results

The results of POPs in human milk and ambient air, and analytical capacity enhancement
activities conducted under UNEP-GEF project are described in this section.
Through the project, 19 trainees from six local laboratories were trained to analyse POPs in
core media (human milk and ambient air) and other matrices such as sediment and fish. The
trainees were from different national laboratories and included: the Department of Chemistry
University of Nairobi, Department of Public Health and Pharmacology (DPHP) University of
Nairobi, Pest Control Products Board (PCPB), Kenya Plant Health Inspectorate Services
(KEPHIS), Kenya Bureau of Standards (KEBS) and Kenya Revenue Authority (KRA).
The project also supported participation the local laboratories in the inter-laboratory
proficiency testing. The Department of chemistry participated in the analysis of standard
solutions of PCBs and OCPs, human milk, fish and sediments. Further inter-comparison was
done using the ambient air PUF filters, soil, sediment and fish collected locally.
Human milk data revealed high levels of DDTs especially p,p’-DDE (Table 5). Dieldrin
levels were also significant significantly high. Among the HCHs, γ-HCH and β-HCH were
detected at nanogram levels. However, aldrin, chlordanes, heptachlors, mirex, toxaphenes (
26; 50 and 62) and endrins were not detected in human milk.
Dioxins and furans were detected in human milk at pictogram level. Furans concentration
varied from 0.045-1.4 pg/g lipid, whereas dioxin concentrations ranged from 0.268-52.3 pg/g
lipid (Table 6).
Indicator PCBs in human milk varied from 0.167-1.29 ng/g lipid, whereas the sum indicator
PCBs was 4.32 ng/g lipid. Mono-orthor PCBs were also detected at significantly high
concentration, whereas the non-ortho were the lowest in concentration (Table 7).
The results of analysis of local environmental samples revealed the presence of POPs
pesticides such as aldrin and dieldrin in fish and sediments, DDT and DDE in soil samples,
whereas ambient air reveal high levels of aldrin, DDE and DDT as shown in Table 8.
DDTs, HCHs, dieldrin and aldrin showed the highest concentrations in ambient air samples
from Kabete. However, o,p-DDT was considerably lower than their p,p’-DDT counterparts
throughout the year. Other OCPs detected at low levels were chlordanes, heptachlors and
endrin (Table 8). Based on the observed levels across the seasons, the residues measured in
air could be attributed to local air circulations rather than point source contamination.
The results of inter-calibration study revealed existence of local capacity at the Department of
Chemistry to analyse basic POPs in core media (Table 9-11). However, lack of high
resolution equipments like GC-MS at the Department undermines the ability to provide data
on advanced POPs like dioxins, furans, Toxaphene and new POPs such as PBDEs. Equally,
some new POPs like PFOS will require a completely new method and analytical
instrumentation such as LC-MS. Nevertheless, the country should strive to build national
capacity to adequately analyse all POPs and other persistent chemicals in environment, since
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this the only way to prove that management strategies are being effective, and the general
public is safe from environmental contaminants.

2.2

Human Milk POPs Results

Human milk was chosen because it can provide data on levels of exposure of both the mother
and the infant. Sampling protocol was done in accordance with the National Protocol, which
includes informed consent of the subjects. Sampling was done in the rural towns of Garissa in
North Eastern and Karatina in Central provinces and urban City of Nairobi. The main
challenges in sampling were due to elaborate administrative protocols and social-cultural
inhibitions of the participants. Four POPs i.e. DDT group, p,p’- DDE, dieldrin and HCB were
detected in appreciable amounts. The use of pesticides for indoor spraying in mosquito
control and consumption of animal foods/products may have contributed to this. However,
the results showed a decline in the level of DDT in milk after restriction of DDT use in
Kenya.
Dioxins and furans especially OCDD were also detected. PCB levels were appreciable, with
sum indicative 4.5 ng/g lipid weight. WHO-TEQ for dioxins and dioxin like PCBs suggested
environmental contamination through various pathways. This poses a potential risk of
exposure of the nursing infants to POPs.
The summary of the results and questionnaires for human milk survey are given in preceding
tables.
Table 3: Summary of information from the questionnaires from mothers donating the milk samples

Fourth WHO-Coordinated Survey of Human Milk for Persistent Organic Pollutants
SUMMARY INFORMATION SHEET FOR DONATING MOTHERS
(Based on confidential questionnaires from mothers donating human milk samples)
Country KENYA

Number of mothers in the Survey 50

1.Ages of the mothers
Mean
21.8
Range
15 – 27
3.Mother's weight before pregnancy
Mean (in kg)
59
Range (in kg)
40-75

2.Mother's height (in cm)
Mean
160
Range
149-160
4. Child's age in weeks at sampling
Mean
5.5
Range
3 -8
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5. Area of residence during last 10 years:

Urban
20

Rural
30

6. Mother's dietary habits (% of total mothers)
Mixed diet
Vegetarian but with milk and egg
94
Strictly vegetarian

0

Other

6

0

7. Mothers born in Kenya
100%

8. Mother raised by breastfeeding
(% of total mothers)
100%

9. Mother's mother born in Kenya
(% of total mothers)

10. Mothers working before pregnancy
(% of total mothers)
16%

100%
11. Exposure to DDT from inside house 12. Mothers whose current weight that is less than
their weight before pregnancy (% of total mothers)
spraying in order to prevent mosquitoes
(% of total mothers)
28%
12%
13. Mother's consumption of food (% of total mothers)

Never
Less than
once a week
Once a week
Twice or less
a week
More than
twice a week
but not every
day
Every day

Fish

Marine
Mammals

Seafood
other than
fish and
mammals

46

80

82

0

10

24

36

0

2

6

22

24

16

0

0

4

8

22

16

0

0

14

24

18

6

0

0

22

20

10

0

0

2

62

28

6

Milk and
milk
products

Meat
and
Eggs
poultry

14. Type of fish mother consumed most often (% of the total mothers)
Fish from the sea

18

6

Fresh fish

30

Both
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Table 4: Summary of information from the questionnaires from mothers donating the milk samples

POOLED
POOLED SAMPLE
SAMPLE: A
A
Fourth WHO-Coordinated Survey of Human Milk for Persistent Organic Pollutants
SUMMARY INFORMATION FOR A POOLED SAMPLE
(Based on confidential questionnaires from mothers donating human milk samples)
Country

Pool Identification code
KENYA

A

1.Ages of the mothers
Mean

Number of mothers in the pool
16
2.Mother's height (in cm)
Mean

19 years

160

Range

Range
(15-22) years

149-165

4. Child's age in weeks at sampling
Mean

3.Mother's weight before pregnancy
Mean (in kg)
53

4.8

Range (in kg)

Range
45-66

(3-7) weeks

5. Area of residence during last 10 years: (% of the total mothers of the pool)
Urban
rural
31
69
6. Mother's dietary habits (% of total mothers in the pool)
Mixed diet

Vegetarian but with milk and egg

100

Strictly vegetarian

NONE

7. Mother born in Kenya
(% of total mothers in the pool)
100

9. Mother's mother born in Kenya
(% of total mothers in the pool)
94

Other

NONE

NONE

8. Mother raised by breastfeeding
(% of total mothers in the pool)
100

10. Mothers working before pregnancy
(% of total mothers in the pool)
25

11. Exposure to DDT from inside house 12. Mothers whose current weight that is less than
their weight before pregnancy (% of total mothers in
spraying in order to prevent mosquitoes
(% of total mothers in the pool)
the pool)
13
NONE
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13. Mother's consumption of food (% of mother in the pool)

Marine
Mammals

Fish

Seafood
other than
fish and
mammals

Milk and
milk
products

Meat
and
Eggs
poultry

Never
Less than
once a week
Once a week
Twice or less
a week
More than
twice a week
but not every
day

44

6

Every day

6

25

19

6

6

19

13

6

19

25

31

13

50

38

14. Type of fish mother consumed most often (% of the mother in the pool)
Fish from the sea

6

Fresh fish

31

Both

15. POPs analyses requested besides the twelve (12) Stockholm POPs:
List α,β,γ-Hexachlrocyclohexane (HCH isomers)
Date (09/07/2009)

20

Name of National Coordinator
Dr Laetitia Kanja

Signature
lkanja
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Table 5: Summary of information from the questionnaires from mothers donating the milk samples
POOLED SAMPLE: B

Fourth WHO-Coordinated Survey of Human Milk for Persistent Organic Pollutants

SUMMARY INFORMATION FOR A POOLED SAMPLE
(Based on confidential questionnaires from mothers donating human milk samples)
Pool Identification code
Number of mothers in the pool
B
34
2.Mother's height (in cm)
Mean
160

Country
KENYA
1.Ages of the mothers
Mean
21 years
Range

Range
(15-27) years

(149-165)

3.Mother's weight before pregnancy
Mean (in kg)
56

4. Child's age in weeks at sampling
Mean
5.7

Range (in kg)

Range
(40-75)

(3-8)

5. Area of residence during last 10 years: (% of the total mothers of the pool)
Urban
rural
42
58
6. Mother's dietary habits (% of total mothers in the pool)
Mixed diet

97

Strictly vegetarian NONE
7. Mother born in Kenya
(% of total mothers in the pool)
100
9. Mother's mother born in Kenya
(% of total mothers in the pool)
100

Vegetarian but with milk and egg
Other

3

NONE
8. Mother raised by breastfeeding
(% of total mothers in the pool)
100
10. Mothers working before pregnancy
(% of total mothers in the pool)
24

11. Exposure to DDT from inside house 12. Mothers whose current weight that is less than
their weight before pregnancy (% of total mothers
spraying in order to prevent mosquitoes
in the pool)
(% of total mothers in the pool)
15
35
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13. Mother's consumption of food (% of mother in the pool)

Marine
Mammals

Fish

Seafood
other than
fish and
mammals

Milk and
milk
products

Meat
and
Eggs
poultry

Never
Less than
once a week
Once a week
Twice or less
a week
More than
twice a week
but not every
day

29

6

21

24

18

3

6

21

9

6

9

15

6

24

26

12

59

24

9

Every day

14. Type of fish mother consumed most often (% of the mother in the pool)
Fish from the sea

3

Fresh fish

32

Both

15. POPs analyses requested besides the twelve (12) Stockholm POPs:
List α,β,γ-Hexachlrocyclohexane (HCH isomers)
Date (09/07/2009)

Name of National Coordinator
Dr Laetitia Kanja

Signature
lkanja

Results of pooled samples analyzed by CVUA are given in tables below.
All analytical results are reported on a fat basis.
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Table 6: Results of Basic POPs in Human Milk
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Table 7: Results of PCDD/Fs in Human Milk
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Table 7: Results of PCB in Human Milk
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Table 8: Results of Basic POPs in Human Milk

26

National Report from Kenya

2.3

Ambient and Mirror Samples POPs Results

The summary of results for ambient air, soil, sediments and fish are given in Table 9 below.
Table 9: Results of ambient air, soil, sediment and fish analysis
Filter 1Apr-Jun
2010
(ng/filter)

58.28

34.23

Filter 3OctDec
2010
(ng/filte
r)
1.79

9.63

5.63

γ-HCH

28.69

β-HCH

α-HCH

filter 2jun-sep
2010
(ng/filter)

Filter 4
Jan-Mar
2011
(ng/filter
)

Kenya soil
(ng/kg)

Kenya
sediment
(ng/kg)

Kenya
fish
(ng/kg)

58.73

49.31

92.89

127.86

26.13

10.70

35.56

320.71

190.85

31.64

6.35

43.67

nd

nd

nd

4.08

2.12

0.44

2.90

nd

nd

nd

Heptachlor

na

na

nd

nd

208.94

13.78

nd

Aldrin

na

na

58.12

11.66

nd

1,940.30

1,903.24

Oxychlordane

na

na

3.90

7.68

15.73

7.96

366.66

Cis-Heptachlor

na

na

nd

7.68

15.72

12.92

14.93

Trans-heptachlor

na

na

nd

nd

nd

nd

nd

16.84

10.36

6.44

6.05

7,201.05

nd

nd

Cis-Chlordane

na

na

nd

18.48

771.00

nd

nd

op-DDE

na

na

0.90

2.75

239.69

16.66

13.51

pp-DDE

40.82

27.14

1.93

8.13

144,860.12

95.63

92.79

Dieldrin

42.36

22.68

42.94

8.65

nd

824.27

1,894.41

op-DDD

na

na

0.87

nd

nd

713.39

29.50

op-DDT

na

na

nd

0.69

231,792.00

0.50

0.85

pp-DDT

31.31

40.96

9.39

16.33

82,824.97

3.92

85.40

Endrin

na

na

nd

11.60

33,435.83

nd

nd

CB28

na

4.99

4.68

40.50

275.07

76.32

47.51

CB52

na

15.76

nd

5.10

nd

103.21

nd

CB101

na

4.33

6.30

1.45

758.23

65.35

nd

CB118

na

16.60

6.13

28.22

nd

nd

nd

CB153

14.15

13.06

2.77

1.58

nd

nd

nd

CB105

42.95

nd

nd

4.51

nd

nd

nd

CB138

93.48

7.71

4.48

5.68

99.62

38.97

nd

CB156

2.41

1.85

nd

2.19

nd

nd

nd

CB180

2.74

32.96

4.24

1.50

786.49

37.82

53.29

BHC

Transnanochlor
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2.4

Inter-calibration and Mirror Results

Summary of the results for inter-calibration study are given in Tables 10-12 below.
Table Results of analysis of Inter-calibration samples (POPs pesticides)
Participant code: UON
Name: Prof. Shem O. Wandiga
Organisation: University of Nairobi
Address: Department of Chemistry
University of Nairobi
P. O. Box 30197-00100
Nairobi, Kenya.
Tel: +254 020 4446138
Code:
Date Received: 20.10.2010
Date Analyzed:
(Wet) Weight received:
Lipid weight:
% Lipids:

UNEP Intercalibration 2010
Ash
Sediment
Fish
Mothers' Milk Standard 1 C
(ng/kg)
(ng/kg)
(µg/kg)
(µg/kg)
(ng/µl)
20.10.2010 19.11.201019.11.2010 20.10.2010
20.10.2010
8.1.2011
7.1.2011
8.1.2011
10.1.2011
4.1.2011
10 g
70g
10 g
50 ml
0.5ml
*
0.058g
0.12g
*
*
1%
4%
*

Drins
Aldrin
Dieldrin
Endrin
Sum Drins Lower Bound (ND = 0)
Sum Drins Upper Bound (ND = LOD)

*
*
*
*
*

672
22453
428

6.74
369
677

28.97
20
11.75

0.032
0.036
0.037

Chlordanes
trans -Chlordane
cis -Chlordane
trans -Nonachlor
cis- Nonachlor
Oxychlordane
Heptachlor
cis -Heptachlorepoxide
trans -Heptachlorepoxide
Sum Chlordane Lower Bound (ND = 0)
Sum Chlordane Upper Bound (ND = LOD)

*
*
*
*
*
*
*
*
*
*

352
352
367
NA
2,102
17,326
282
698

NA
378
378
NA
82.89
138
24.94
18.04

32.29
ND
1.23
NA
22.82
73.65
10.81
2.02

0.038
0.038
0.036
NA
0.045
0.045
0.037
0.034

DDTs
p,p' -DDT
o,p'- DDT
p,p'- DDE
o,p' -DDE
p,p' -DDD
o,p' -DDD
Sum DDTs Lower Bound (ND = 0)
Sum DDTs Upper Bound (ND = LOD)

*
*
*
*
*
*
*
*

3,886
ND
9,334
2,539
64,662
32,577

703
671
2139
25.7
913
125

74.61
284
6.48
ND
24.76
15.29

0.011
0.013
0.037
0.039
0.037
0.037

*
1537

5,357
289

627
14.24

227
28.97

0.033
0.036

Mirex
Hexachlorobenzene

Notes
* not applicable
All values should be reported in ng/kg or pg/µl
ND: not detected < than value expected
NA: not analyzed
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Table 11:. Results of analysis of Inter-calibration samples (PCBs pesticides)
Participant code: UON
Name: Prof. Shem O. Wandiga
Organisation: University of Nairobi
Address: Department of Chemistry
University of Nairobi
P. O. Box 30197-00100
Nairobi, Kenya
Tel: +254 020 4446138
Code:
Date Received: 20.10.2010
Date Analyzed: 8.1.2011
(Wet) Weight received:
Lipid weight:
% Lipids: 1%

Marker PCBs
PCB #28
PCB #52
PCB #101
PCB #118
PCB #138
PCB #153
PCB #180
Sum Marker PCB Lower Bound (ND = 0)
Sum Marker PCB Upper Bound (ND = LOD)

UNEP Intercalibration 2010
Ash
Sediment
Fish
Mothers' Milk Standard 1 B
(ng/kg)
(ng/kg)
(ug/kg)
(ug/kg)
(ng/µl)
20.10.2010 19.11.201019.11.2010 20.10.2010
20.10.2010
8.1.2011
7.1.2011
8.1.2011
10.1.2011
4.1.2011
10 g
70g
10 g
50 ml
1.2 ml
*
*
0.058g
0.12g
*
*
*
1%
4%
*

ND
2156
ND
ND
NA
ND
ND

630
6385
4619

16937
NA
22205
1319

8.07
282.00
ND
825.00
NA
925.00
ND

ND
13.86
29.19
16.92
NA
ND
39.75

1.20
1.29
1.16
1.12
NA
1.60
1.16

Notes
* not applicable
All values should be reported in ng/kg or ng/µl
ND: not detected < than value expected
NA: not analyzed
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Table 12:. Results of analysis of Inter-calibration samples (Dioxinx and Dioxin-like PCBs)
Participant code: UON
Name: Prof Shem o. Wandiga
Organisation: University of Nairobi
Address: Department of Chemistry
University of Nairobi
P. O. Box 30197-00100
Nairobi, Kenya
Tel: +254 020 4446138
Code:
Date Received:
Date Analyzed:
(Wet) Weight received:
Lipid weight:
% Lipids

Ash
(ng/kg)

UNEP Intercalibration 2010
Sediment
Fish
Milk
(ng/kg)
(ng/kg)
(ng/kg)

Standard 1 A
(pg/µl)

20.10.2010 19.11.2010 19.11.2010 20.10.2010 20.10.2010
8.1.2011
7.1.2011
8.1.2011
10.1.2011
4.1.2011
10 g
70g
10 g
50 ml
1.2 ml
*
*
0.058g
0.12g
*
*
*
1%
4%
*

2,3,7,8-TeCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

WHO1997-TEF
1
1
0.1
0.1
0.1
0.01
0.0001

2,3,7,8-TeCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.1
0.05
0.5
0.1
0.1
0.1
0.1
0.01
0.01
0.0001

TEQ (PCDD/PCDF) Lower Bound (ND =0)
TEQ (PCDD/PCDF) Upper Bound (ND = LOD)
PCB
PCB
PCB
PCB

#77
#81
#126
#169

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

0.0001
0.0001
0.1
0.01

PCB
PCB
PCB
PCB
PCB
PCB
PCB
PCB

#105
#114
#118
#123
#156
#157
#167
#189

741
NA
ND
NA
ND
NA
NA
NA

2972
NA
16938
NA
920
NA
NA
NA

136
NA
990
NA
2380
NA
NA
NA

13.85
NA
16.92
NA
10.68
NA
NA
NA

ND
NA
32.79
NA
26.16
NA
NA
NA

0.0001
0.0005
0.0001
0.0001
0.0005
0.0005
0.00001
0.0001

TEQ Total Lower Bound (ND =0)
TEQ Total Upper Bound (ND = LOD)
Notes
* not applicable
All values should be reported in ng/kg or pg/µl
ND: not detected < than value expected
NA: not analyzed
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3. CONCLUSIONS AND RECOMMENDATIONS
3.1
3.1.1

Conclusions
Human Milk POPs Results

The results obtained from the pooled samples indicate presence of POPs in the human milk
which reflects environmental contamination. Among the basic POPs, DDT group, dieldrin,
trans- nonachlor and hexachlorobenzene were detected. The presence of o,p’DDT and
p,p’DDT may indicate current use of DDT in the environment although DDE is a major
contributor to total DDT. A number of mothers (13-15%) in the pool indicated the use of
DDT in indoor spraying to control mosquitoes which may have contributed to the high level
of DDT in their milk in addition to consumption of fish, eggs and other foods of animal
origin as indicated in Tables 3 and 4.
The detection of dieldrin may also reflect the use of aldrin or dieldrin in the environment
since both are restricted for termite control in the country. Aldrin may also metabolize to
dieldrin in the environment. Other sources could be from the diet especially fish. Studies
done in the department on organochlorine residues in fish, water and sediment from Lake
Victoria indicated high levels of dieldrin in fish compared to other matrices (Mwangi et.al.,
2004).
From the pooled samples PCBs, PCDD and PCDFs were also detected. The presence of
detectable levels is of great concern because of the cumulative effects of these pollutants. All
these chemicals are known to biomagnify along the food chain and in most cases man is at
the top of the food chain. They may enter the body through inhalation, ingestion or by
occupational exposure. All these chemicals have been associated with many chronic diseases
including endocrine disruption, reproductive and immune dysfunction.
However, primary preventive measures to control and reduce the input of these chemicals
into the environment should be considered the most effective way to limit and minimize
exposure and mothers should be encouraged to continue breast feeding since the benefits of
breastfeeding outweigh possible negative effects of traces of POPs in breast milk.

3.1.2

Ambient Air POPs Results

The ambient air POPs data revealed the presence of POPs pesticides and PCBs in
environment. Although the levels are low, the persistent and bioa-cummulative nature of
these chemicals is significant enough to raise caution. Furthermore, sites like Kabete are
considered serene and detection of POPs is an indicator that hot spot could have a higher
burden.
Caution is therefore raised to the concerned ministries to support ambient air monitoring
activities to track down the levels of POPs in the City, and the country at large.
Establishment of national baseline data capturing the hot spots will be paramount in giving
the national guidance on appropriate interventions and mitigation measures to reduce POPs
levels in environment.
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3.1.3

Inter-calibration and Mirror Results

Kenya participated in analysis of POPs pesticides and the seven indicator PCBs in the
2010/11 UNEP-GEF inter-calibration study. Human milk, sediment, biota, ash and standard
solutions are part of the matrices analysed.
A wide number of POPs pesticides and PCBs were detected in national and mirror samples,
which is an evidence of national capacity to detect these compounds. However, it is also a
national concern to ensure a reduction of POPs in environment in effort to protect the public.
Attention is also made that the country does not have analytical capacity to handle more
sophisticated POPs such dioxins and furan, as well as some new POPs such as PBDE, PFOS
among others. Effort should therefore be made to strengthen the analytical capacity in these
areas.
Subsequent participation in international calibration studies will be of vital significance since
they will provide opportunity to show progressive improvement in analysis of POPs in core
media in the country. They will also show areas of need and necessary technology
development to provide comparable results.
The Department of Chemistry would like to express interest to continue supporting national
and regional activities geared towards strengthening POPs assessment and capacity building.
In addition, it will continue to seek support towards its capacity strengthening in research and
assessment to be able to offer more comprehensive analysis of POPs in all media.
The Department would like to affirm its interest to keep the established collaborations locally
and internationally. But is also keen to establish new collaborations to widen the scope of
cooperation with the wider global community in effort to strengthen the existing capacity to
offer better service to the community.

3.2
3.2. 1

Recommendations
Recommendations from Milk Data

1) The analysis of the remaining individual samples may help to identify the areas with the
highest exposure to these chemicals.
2) Air sampling from the areas where indoor spraying with DDT takes place
3) Many people are not aware of risks associated with environmental pollution of dioxins
and furans; need to educate the population and city planners
4) Very few laboratories are capable of carrying routine analysis even for monitoring
purposes; more training required-continued capacity building and lab reviews/updates.
5) Continued collaborative studies both local and international

3.2.2

Recommendations from Ambient Air Data

1) There is need to expand air monitoring assessment to capture high gradient sites. This
will help in tracking the impact of remediation and mitigation measures taken at national
regulatory levels to reduce POPs in environment.
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2) More holistic sampling of POPs should be sought to capture actual concentrations in air
using active samplers. However, this will require investment in active air sampling
designed for POPs sampling.
3) There is need to establish a national POPs monitoring programme to provide baseline
data on POPs levels. Such programme will be able to provide trends in POPs levels and
there be used to assess effectiveness of regulatory instruments enforced.
4) There is need to strengthen information exchange among the national scientists,
regulatory organisations and policy makers in addressing POPs mitigation measures in
the country
5) Streamline POPs monitoring activities in the national research and development agenda
to establish activities that will protect the general public and workers from POPs health
effects.

3.2.3

Recommendations on Analytical Capacity Building

1) There is need to support POPs laboratories to participate in the UNEP inter-laboratory
study and in other inter-laboratory studies on POPs where possible to compare their
results with other laboratories.
2) There is need for financial support to improve the performance of the POPs research
laboratory to provide data on more POPs under the Convention.
3) There is need for financial resources to upgrade the analytical equipment at the
Department to GC-MS systems which have higher resolution and analytical capabilities.
4) National POPs laboratory training in POPs analysis should be encouraged to build
capacity for POPs analysis in the country.
5) Collaboration with backup laboratories should be kept to strengthen the established
national capacity for POPs work.
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5.
5.1

ANNEXES
List of Participants of the National Stakeholders’ Meeting

 University of Nairobi (UoN)
 Department of Chemistry
 Prof. Shem O Wandiga, Mr. Charles Mirikau, Mr. Vincent Madadi, Mr. Nicholas
Mwenda, Ms. Elizabeth Ndunda, Ms. Nusrat Begum, Ms. Florence Gitari,
Ms. Veronica Muinde, Ms. Dorice Situma, Dr. Debora Abong’o and Ms. Ruth
Adhiambo
 Department of Meteorology


Prof. John K. Ng’anga and Mr. Bethwel K. Mutai

 Department of Public Health & Pharmacology
 Dr. Laetitia Kanja and Mr. James Kahunyo
 Pest Control Products Board (PCPB),
 Ms. Gladys Maina and Ms. Grace Muchemi
 Kenya Plant Health Inspectorate Services (KEPHIS),
 Ms. Lucy Namu
 Kenya Revenue Authority (KRA).
 Ms. Amina Bakari and Mr. Fred Isaboke Ondiek
 Ministry of Environment and Mineral Resources (MEMR)
 Ms. Caroline Wamai, Ms. Anne Maina and Ms. Anne Nderitu
 Government Chemist
 Ms. Nellie Papa, Mr. James M. Welimo
 Kenya Meteorological Department (KMD)
 Mr. Kennedy Kimani Thiong’o and Mr. David Gikungu
 City Council of Nairobi (CCN)
 Mr. John Inanag and Mr. Philip Ndania
 Moto Vehicle Inspection Unit (MVIU)
 Mr. Joseph M. Kariuki and Mr. Martin Omondi
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5.2

Ambient Air Protocol

MONET AFRICA PASSIVE AIR SAMPLING PROTOCOL
1.0

Introduction

The introduction of xenobiotic chemicals that are generally referred to as persistent toxic
substances (PTS) into the environment and the resulting effects are major issues that give rise to
concerns at local, national, regional and global scales (UNEP/GEF, 2002). During the past 70
years or so, more and more organic chemicals have been introduced into the environment through
various human activities (Kozoil et al., 2001). Persistent organic pollutants (POPs) are stable in
the environment, undergo long-range atmospheric transport (LRT), and can bioaccumulate
through food-chains (Jaward et al., 2004).
The Stockholm Convention on POPs was adopted in May 2001 with the objective of protecting
human health and the environment from POPs and came into effect in May, 2004. Parties to the
Convention are required to develop National Implementation Plans to demonstrate how the
obligations to the Convention will be implemented and therefore they will need the establishment
of arrangements to provide themselves with comparable monitoring data on the presence of the
chemicals listed in the Annexes and their global regional environmental transport (Klanova et al.,
2004).
Passive air samplers (PAS) of this design were first introduced in the Czech Republic in 2002
during the European screening campaign performed by Lancaster University and focused on the
atmospheric levels of POPs. Three years (2003-2005) of intensive research in the field of passive
air sampling techniques and many field studies performed at Research Centre of Excellence for
Environmental Chemistry and Ecotoxicology (RECETOX) proved the applicability of this tool in
the long term air quality monitoring including an assessment of the spatial and temporal trends.
Since the high volume air samplers are expensive devices requiring reliable power supply as well
as trained operators are not widely available, the air monitoring of POPs has been conducted at
limited number of sites. In the last few years, however, new demands resulted in the development
of a range of PAS as new tools for the air quality monitoring (Klanova et al., 2007). PAS offer a
cheap and versatile alternative to the to conventional high volume air sampling and they have
been currently recommended as one of the methods suitable for the purpose of new long term
monitoring projects (Klanova et al., 2007).
This passive air sampling protocol was designed through collaborations with the RECETOX and
by using materials from the TOCOEN Report No.300. The air sampling protocol will be utilized
in six countries of the Pacific (Samoa, Niue, Tuvalu, Solomon Islands, Kiribati and Fiji) for
training purposes for regional personnel as well as PAS deployment in the regional countries.

2.0

Principle of Operation for the Passive Air Sampler

Passive air samplers operate without the aid of a pump and consist of an accumulating/absorbing
medium that has a high retention capacity for the target analytes (Pozo et al., 2004). Low
sensitivity to accidental short-time changes in the concentration of pollutants is a basic
characteristic of passive air samplers. They provide information about the long-term
contamination of the studied environmental compartment (for example air).
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The air streams freely around a filter, membrane or other medium (sorbent), which captures
pollutants during the period of passive air sampling. It is possible to use polyurethane foam
(PUF) for persistent organic pollutant (POPs) sampling.
The relationship between the amount of POPs captured on PUF filter and their concentrations in
sampled air has not been mathematically fully described yet. Due to this reason only empirical
estimated information (based on parallel active and passive measurements) is available for results
interpretation. Passive air sampling is a cheap screening method for a comparison of
contamination on various sites or for verification of information obtained by active samplers.

3.0

Materials and PAS Preparation

Passive air sampler consists of (i) two stainless steel bowls with diameter 30cm and 24 cm; (ii) a
stainless steel rod which will hold all the parts in a common axis; (iii) nuts and pads; (iv) two
distance tube – to hold the different bowls onto the centre; (v) hanging hook – to hang the
sampler at any site; (vi) safety hooks – to protect the sampler against falling apart due to
vibrations caused by strong winds, simultaneously enables the sampler to stabilize in a vertical
position.

3a. Stainless steel bowls with diameters of 30 cm and 24 cm.
3b. The stainless steel rod is initially attached to the larger bowl with nuts and pads. The upper
bowl is placed upside down to protect the filter from rain and solar radiation and also stabilizes a
stream of air around the filter.
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3c. A nut is fastened to the upper bowl with a distance tube (longer one) inserted plus a nut
fastened to hold the tube.

3d. Place the PUF filter (with metal insert) onto the rod plus a pad and nut
PUF filter with metal insert which holds the PUF onto the metal holder
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Annex 3: Air Sampling Standard Operating Procedure

3e. Insert the shorter distance tube plus a pad.
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3f. Insert the smaller bowl and attach a pad plus two nuts to fix the lower bowl.

3g. Two nuts fixed onto the lower bowl
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3h. The PAS sampler is ready for deployment onto monitoring site.

Removal of dirt and surface cleaning would need alcohol, especially inside the bowl, during filter
change. Water and hexane are sufficient for cleaning for better removal of smear from the surface
of the sampler.

4.0

Polyurethane Filters (PUF)

Filters are made of white, non-coloured polyurethane foam disks with a density of 0.030g/cm3
(type N3030; producer Gumotex Breclav, Czech Republic) are used as a sorbent for passive
sampling of POPs. Filters are circular is shape with a thickness of 150mm (Kohoutek, 2006).
All filters are cleaned before placement into the passive air sampler ( 8 hours extraction in
acetone, and 8 hours extraction in dichloromethane). Filters are dried after extraction and the
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cleaned stainless steel insert (length 15mm) is placed in the middle to fix the filters to the axia of
the sampler (Kohoutek, 2006).
The filter with insert is packed in two layers of aluminum foil after cleaning. Date of cleaning and
signature of worker are written with a permanent marker on the packed filter. The labeled filter is
placed into a zip-locked plastic bag. Clean filters are then placed in a freezer at a temperature of
-18o C for up to three months.

5.0

Sampling

Passive air samplers are hung vertically with the bigger bowl facing upwards. They are paced 1.52.0m above ground during sampling. The duration of the sampling is usually four weeks (28days)
or for a total of three months. The interpretation of results has to be done with respect to this
duration factor.
6.0 Filter Exchange
Prior to installing a new filter the current filter has to be removed. Steps in removing the filter for
analysis is a follows:
(a) Detach the sampler from the hinge;
(b) Remove the safety hook, nut, safety nut and pad starting from the top;
(c) Carefully remove the lower bowl without contacting the filter;
(d) Remove the pad and nut fixing the distance tubes;
(e) Carefully remove the shorter distance tube and the pad next to the filter (without contact with
the filter);
(f) Using gloves or aluminum foil remove the filter including the stainless steel inserts placed in
the centre and wrap it into two layers of aluminum foil;
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(g) Label the wrapped filter (date, site, number of sample) using a permanent marker;
(h) Place the labeled filter into a polythene zip-locked bag and put it into the ice box for transport
back to the lab;

(i) Carefully write all the data about the filter (date of beginning and end of sampling dates,
meteorological conditions during sampling) to the sampling protocol;
(j) Remove possible dirt on the bowls before installing a new filter;
(k) Write the date and beginning of sampling details on the sampling protocols, name of sampler,
description of site and GPS position of the site into the sampling protocol;

(l) Set up the new filter like the earlier steps discussed.
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7.0

Analytical Analysis

The analysis of the filters proceeds according to the appropriate SOP of the analytical lab
concerned.

8.0

Results Interpretation

Passive air samplers using PUFs are suitable for monitoring of same type of POPs such as the
more volatile compounds from the polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs) and organochlorinated pesticides (OCPs) (Kohoutek, 2006). Less volatile
compounds (high molecular PAHs) are also collected on the filter, but only partially (sorbed onto
dust particles (Kohoutek, 2006).
Sampling rates between 3-5 m3/day were determined by empirical measurements. This is
approximately 100-200 m3 for a 28 days sampling cycle.
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