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PREFACE

Persistent organic pollutants (POPs) are a grouphefnicals that are widely used in agricultural and
industrial practices, as well as unintentionallleased from many antropogenic activities aroundgtbbe.
POPs are characterized pgrsistence- the ability to resist degradation in various raegir, water,
sediments, and organisms) for months and even dsdaid-accumulation the ability to accumulate in
living tissues at levels higher than those in tbeainding environment; angotential for long range
transport— the potential to travel great distances from gberce of release through various media (air,
water, and migratory species). Specific effect®OPs can include cancer, allergies and hypersangsiti
damage to the central and peripheral nervous sgsteaproductive disorders, and disruption of the
immune system. Some POPs are also considered tendbecrine disrupters, which, by altering the
hormonal system, can damage the reproductive antuita systems of exposed individuals as well as
their offspring. The ability of these toxic compalgnto be transported to isolated areas of the gkanzh

as the Arctic, and to bioaccumulate in food welas raised concerns for the health of humans and the
environment, particularly for indigenous peoplettiedy on traditional diets of marine mammals aisth.f
The African continent is not spared from the togftects of these POPs. Human and wildlife are both
exposed to POPs previously applied in agricultmc iadustrial activities.

The transboundary movement of the compounds anthtiational scope of their manufacture, use and
unintentional releases, and their long distanaesjrart to impacted populations led to the adoptibthe
Stockholm Convention on Persistent Organic Polkstam May 2001 to protect human health and the
environment from persistent organic pollutants bgucing or eliminating releases to the environrfient
Substances presently being addressed under thee@asv are aldrin, chlordane, DDT, dieldrin, endrin
heptachlor, hexachlorobenzene, mirex, PCBs PCDIBARCGaNd toxaphene. The Convention includes a
procedure to add further substances to it.

The Convention calls for the reduction or elimipatiof releases of persistent organic pollutantdchvh
should translate into reduced environment levets ¢ime. The Convention is unique in that, by itscke
16, the Convention had set for itself the taskval@ate its effectiveness and to ensure the Cororent
goals were being met. In this respect, the Conganplaces responsibility on the regions to prodace
monitoring report, and all these reports put togethill be compiled in a global monitoring report.

Article 16 of the Stockholm Convention stipulatésittthe Conference of the Parties shall evaluage th
effectiveness of the Convention four years afterdate of entry into force. The effectiveness @ th
Convention shall be evaluated on the basis of abiglscientific, environmental, technical and ecoito
information, including:

- Reports on monitoring of environmental levels
- National reports submitted pursuant to Article 15
- Non-compliance information provided pursuant toié\et17.

An important component of effectiveness evaluat®rthe development of a global monitoring plan
providing a harmonized organizational framework fioe collection of comparable monitoring data or
information on the presence of the persistent acgaollutants from all regions, in order to idetif
changes in levels over time, as well as to proundermation on their regional and global environran
transport. The first report for the effectivenesaleation will be presented at the fourth meetifighe
Conference of the Parties in May 2009 and will sexs a baseline for further evaluations.

The global monitoring plan is being implementedailh five United Nations Regions. This regional
monitoring report presents the findings and deserithe baseline levels of POPs in the African megio
Despite its shortcomings in terms of hazardous ateenmanagement and awareness, Africa is making
slow but sure steps to achieve the objectivesateataid down in the Stockholm Convention. Mostiédn
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countries through their NIPs (within the framewofkhe Stockholm Convention) have elaborated ptdns
action to phase out or reduce POPs. It is indeddrfate that these NIPs and Action Plans have daine
recognition from NEPAD and therefore the Africanidim and is an indication of the seriousness of
Africa’s commitment to control hazardous chemicsi® are confident that the Africa regional monigri
report will meet the objectives laid down by theject and will contribute significantly to the oedir
GMP report.
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Economic Community of Central African States

Economic Community of West African States

Endocrine Disrupting Chemicals

Ecological Monitoring and Assessment Network
Co-operative Program for Monitoring and Ewadilon of
Long-Range Transmission of Air Pollutants in Europe
European Pollutant Emission Register

Effects Range Low

Effects Range Median

7-ethoxyresorufin-O-deethylase

European Union System for the Evaluationubis&nces
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FAO
FERTIMEX
GAPS
GEF
GEMS
GDP
GHS
GLBTS
GMP
HCB
HELCOM

HCHs
HIPS
HPLC
HRGC
HRMS
HV
HxBB
IADN
IAEA
IARC
ICES
IFCS
IMO
INSPQ
INFOCAP

IPPC
I-TEQ
KAw

KOA

Kow

LCsc
LDsg
LOAEL
LOD
LOQ
LRT
LRTAP
LRTP
MDL
MEDPOL
MEAs
MRL
MSCE-East
NA
NAFTA
NARAPs

Food and Agriculture Organisation (of the Uditéations)
Fertilizantes Mexicianos

Global Atmospheric Passive Sampling Survey

Global Environment Facility

Global Environment Monitoring System

Gross Domestic Product

Global Harmonised System

Great Lakes Bi-national Toxics Strategy

Global Monitoring Plan
Hexachlorobenzene

Helsinki Commission/The Baltic
Commission
Hexachlorocyclohexanes

High Impact Polystyrene

High Performance Liquid Chromatography

High Resolution Gas Chromatography (capiltaoljymn)
High Resolution Mass Spectrometer

High Volume

Hexabromobiphenyl

Integrated Atmospheric Deposition Network

Inter Atomic Energy Agency

International Agency for Research on Cancer
International Council for the Exploration bétSea
Intergovernmental Forum on Chemical Safety
International Maritime Organisation

Centre de Toxicologie du Québec

Marine Envmment

Protection

Information Exchange Network on Capacityil@ing for the Sound

Management of Chemicals

Integrated Pollution Prevention and Control
International Toxicity Equivalence Quantity
Air/Water Partition Coefficient
Octanol/Air Partition Coefficient
Octanol/Water Partition Coefficient
Median Lethal Concentration
Median Lethal Dose
Lowest Observable Adverse Effect Level
Limit of Detection
Limit of Quantification
Long Range Transport

Long Range Transport Air Pollutants

Long Range Transport Potential
Minimum Detectable Level

Mediterranean Pollution Monitoring and Rasd Program
Multi Lateral Environmental Agreements
Maximum Residue Limit

Meteorological Synthesizing Centre-East
Not Available
North American Free Trade Agreement
North American Regional Action Plans
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NEPAD New Partnership for African Development

ND Not detected

NGOs Non-Governmental Organisations

NHATS National Human Adipose Tissue Survey

NIP National Implementation Plan

NIS Newly Independent States

NOAA National Oceanic and Atmospheric Administratio

NOAEL No Observable Adverse Effect Level

NOEL No Observable Effect Level

NRBP Nairobi River Basin Project

NWT Northwest Territories

OCs Organochlorines

OCPs Organochlorine Pesticides

OECD Organisation for Economic Co-operation anddédgyment

OPs Organophosphates

OSPAR Commission for the Protection of the Marimevitbonment of the North-
East Atlantic

PAHs Polycyclic aromatic hydrocarbons

PAS Passive Air Sampler

PBDEs Polybrominated diphenyl ethers

PCBs Polychlorinated biphenyls

PCDDs Polychlorinated dibenzo-p-dioxins

PCDFs Polychlorinated dibenzofurans

PCP Pentachlorophenol

PFOS Perfluorooctane sulfonate

PIC Prior Informed Consent

POPs Persistent Organic Pollutants (group of twabséefined in the Stockholm
Convention 2001)

PRTRs Pollutant Release and Transfer Registers

PTS Persistent Toxic Substances

PUF Polyurethane Foam

PVC Polyvinylchloride

QA/QC Quiality Assurance and Quality Control Regimes

RCG Regional Coordinating Group

REACH Registration, Evaluation and AuthorisatiorGifemicals

REC Regional Economic Community

RECETOX Research Centre for Environmental Chemastiy Ecotoxicology

RENPAP Regional Network on Pesticide ProductioAsia and Pacific

ROGs Regional Organization Groups for the GlobahNwing Plan

ROPME Regional Organisation for the Protectionhef Marine Environment

ROWA Regional Organisation of West Asia

SADC South African Development Cooperation

SAICM Strategic Approach to International Chemiddizsnagement

SCCPs Short-chain chlorinated paraffins

SOP Standard Operating Procedure

SPM Suspended particulate matter

SPREP South Pacific Regional Environment Program

T Tonne

TBBPA Tetrabromobisphenol A
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TCDD
TEL
TEQ
TOMPS
TPT
UMA
UNECE
UNEP
UNIDO
UNITAR
WFD
WHO
WMO
XAD

Tetrachlorodibenzp-dioxin

Tetraethyllead

Toxicity Equivalents

Toxic Organic Micropollutants Survey
Triphenyltin

Union du Maghreb Arabe

United Nations Economic Commission for Europe
United Nations Environment Program

United Nations Industrial Development Orgaatisn
United Nations Institute for Training and &arch
Water Framework Directive

World Heath Organisation

World Meteorological Organization
Styrene/divinylbenzene-co-polymer Resin
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GLOSSARY OF TERMS

Activity

CTD

IL-1

I L-2

I L-3

I L-4

Intercomparisons

LOD

<LOD
LOQ

<LOQ

MDL

KR2 Grants

Roll Back
Malaria Program

Phase |

Any Program or other activity or project that geates data or
information on the levels of POPs in the environhm@min humans that
can contribute to the effectiveness evaluation ufdticle 16 of the
Stockholm Convention Core matrices. These are thiicas identified
by the Conference of the Parties to the StockholmvEntion at its
second meeting as core for the first evaluatiors= Ambient air; M =
(human) mother’s milk and / or B = human blood.

The characteristic travel distance defined les ‘thalf-distance” for a
substance present in a mobile phase.

Instrumentation level capable of analysitgf®s/PCDFs and dioxin-
like PCB at ultra-trace concentrations: must bea-esolution mass
spectrometer in combination with a capillary column

Instrumentation level capable of analysingRDPs: (capillary column
and a mass-selective detector).

Instrumentation level capable of analysingl @OPs without
PCDD/PCDF and dioxin like PCB (capillary column aad electron
capture detector).

Instrumentation level not capable of doingngener-specific PCB
analysis (no capillary column, no electron captdegector or mass
selective detector).

Participation in national and international intdilmation activities
such as ring-tests, laboratory performance testihgmes, etc.

Limit of detection. The lowest concentrationvehich a compound can
be detected. It is defined as that correspondiraydignal three times the

noise.

Result below the limit of detection.

Limit of quantification: The lowest concentiati that can quantitatively
be determined and is three times higher than LOD.

Result below limit of quantification. Compownfbund at levels between
LOD and LOQ can be reported as present, or posatbheing present at
an estimated concentration, but in the latter ¢hgeresult has to be
clearly marked as being below LOQ.

Method detection limit:the MDL considers the @& method including
sampling, sample treatment and instrumental arglysis determined
by the background amounts on field blanks.

Japanese grants to developing counwiesagriculture, including
pesticides.

Program to contain or eradicate malaria throughube of medication
and pyrethroid impregnated bed nets.

Activities to support the Article 16 effeeness evaluation that will be
20



conducted by the Conference of the Parties abiteh meeting,
information collected between 2000 and 2007 (asméd as the first
evaluation).
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EXECUTIVE SUMMARY

Introduction

Decision SC-3/19 established a Regional OrganizaBooup (ROG), composed of six members for each
of the five United Nations Regions to facilitateplamentation of the global monitoring plan, andities
Parties to nominate members to those groups wiperéige in monitoring and data evaluation. Themmai
objectives of the regional organization groups weredefine and implement the regional strategy for
information gathering, including capacity buildiagd establishment of strategic partnerships inroiale
fill the identified data gaps, and to prepare tbgional monitoring report as a contribution to fhret
effectiveness evaluation report, to be presentethéoConference of the Parties at its fourth meeitm
May 2009.

This report is the input of the African Region imetfirst GMP. Principally, it summarises the data
collected from the monitoring programs within thegion to record baseline concentrations of POPs in
core media selected for the first evaluation nanaghbient air and human milk. It also provides some
limited information of data from other media (sedims, water, soil etc.) and finally gives cost-etfifiee
recommendations for the implementation of sustdn&®Ps monitoring activities to enable the Region
contribute meaningfully to monitoring programs datlire evaluations.

Overview of the African region

Africa is one of the largest United Nation regiansh an area of 40,065,721 square miles and isldVi
into Northern Africa, Southern Africa, Eastern &&j Western Africa, Central Africa and the Island
States. The Region is characterized by six diffeciimatic zones that have influence on the movdmen
and distribution of POPs. In addition, except Bnge deserts in Northern and Southern Africa, éggons
faces challenges associated with hot and humidatiintonditions that promote growth of a myriad of
pests and disease vectors. POPs have thereforeubedrin many sectors including agriculture, indust
and public health to control pests and diseases. Ky challenges related to POPs include: lack of
knowledge and information on hazards, risks anersalternatives; lack of legislation or enforcement
measures; weakness of the technical infrastruetdeshortage of qualified human resources. Howatver,
is worth noting that some reliable capacity is presat national and regional levels in both thedaeoac
and institutional sectors. In such a context, tleeision to implement the Convention’s effectiveness
evaluation presents a demanding challenge to tjierreTo participate in the first evaluation, thegion
relied exclusively on the technical and financiakiatance opportunities provided by the Convention
according to Articles 12 and 13 for the collectimhcomparable data on core media. It is worth mptin
however, that there is some reliable capacity ith ltlhe academic and institutional sectors at natiand
regional levels that, with capacity enhancementuldobe able to contribute to future monitoring
programmes.

Contributing/collaborating programmes

The Africa region collaborated with the followingogrammes and strategic partners to obtain datan
media: the MONET-Africa project coordinated by Bentre of Excellence in Environmental Chemistry
and Ecotoxicology, Brno, Czech Republic (RECETOX)e Global Atmospheric Passive Sampling
(GAPS) programme coordinated by Environment Carfadeambientair data, and the World Health
Organization (WHO) for human milk data. The seldcté&rategic partners do have consolidated expertise
in their respective areas for sampling, analysisl, iaterpretation of results in accordance \vifta criteria
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contained in the Implementation Plan for the FiEffectiveness EvaluationThe implementation of the
MONET Africa and WHO milk survey was facilitated lifie coordination, technical assistance and
financial support from the Stockholm Convention r@&riat, the UNEP Chemicals, and the GEF. Some
academic and research institutions within the regimvided data on other media and to a limite@rmixt
additional data on human milk, blood and ambient ai

Main findings
Baseline Levels of POPs in air

The available monitoring data for air provide iratige informationabout POPs levels in the region. Most
of the data was provided by the strategic piloivéats established in 2008 and therefore theirticoration

will provide sufficient baseline upon which futuezaluations can be drawn. GAPS data was collected
from 2005 to 2006 but only in four countries: Sodtfrica, Ghana, Egypt and Malawi. The MONET
Africa pilot project was implemented in 2008 in tlegiion in an attempt to bridge the existing huggisl
data gaps. 15 countries in the region participatethe MONET ambient air monitoring programme
namely: Kenya, Mali, South Africa, Mauritius, ZarmapiEthiopia, Sudan, Egypt, Togo, Ghana, Nigeria,
Congo Republic, Democratic Republic of Congo, Sahagd Tunisia. Sampling sites ranged from rural
to urban background, and in afew countries to $itss/ily affected by the industrial activities drsolete
pesticide stocks.

The monitoring data showed that ambient air in @drnivas contaminated by POPs that are curentlylliste
under the Convention. The air contamination by R$@Bticides should be considered as an issue of
concern since none of the selected countries haduthset of listed pesticides below the quantifion
limit. In some cases low metabolites to parent R@Bticide ratios revealed recent or current usdge o
persistent organic pollutant compounds. The lewkfolychlorinated biphenyls (PCBs) measured iraarb
and industrial sites in the region were comparabléhe ones measured at industrial sites in Eurbype.
addition, all sites were found to be contaminatedlifferent types of PCDDs/Fs, the main sourcesdpei
industrial activities and open burning processesefal sites (Mt. Kenya in Kenya, Tombouctou in ivial
Molopo Nature Reserve or Barberspan in South AfrReduit in Mauritius) were found to be good
candidates for future background monitoring ondtetinent.

Baseline Levels of POPs in human milk/blood

The available POPs monitoring data for human mi#ls wbtained from Egypt for the samples submitted
during the 8 round of WHO milk survey and from Sudan for thenpées submitted during thé"4ound

of milk survey. Additional data was to be obtairfeam UNEP/WHO milk survey, a supplementary data
collection activity initiated in 2008, to fill thenvisaged data gaps for the first effectivenessuatian.
The data provides indicative levels of POPs agamisich the changes in levels over time may be
evaluated.

Baseline Levels of POPs in other media

Data on the levels of POPs in other media suclohsveater, sediments and food, were extracted from
published research findings in the region. It igtivanoting that there is lack of an organized nmiriigy
programme with well established protocols for mariitg POPs in other media. Therefore, the available
data provides indicative levels of POPs in theorgind shows that all POPs under annexes A and B of
the Convention do contaminate the ecosystems anld¢hl population through these media, which sthoul
be an issue of concern throughout the region. Tdia dlso to a greater extent shows that the egistin
capacity for POPs analysis is mainly for POPs pests and PCBs. Therefore, with capacity
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enhancenment within the framework of a regionallynfonized monitoring program, the regional and
national institutions can contribute to productadrGMP data.

Long-range transport of POPs

The absence of sufficiently long-term regional ntoming programmes on persistent organic pollutdids
not allow for a comprehensive investigation andigat#on of long-range transport and temporal treofds
persistent organic pollutants in the region. Thidue to the fact that most of the data was pratiuctin
the 6 months supplementary data collection aatwigistablished in 2008. However, preliminary ansiyt
back trajectories was conducted using the air daltacted by the MONET Africa monitoring programme
in 2008.

Data gaps

The available core media POPs monitoring data waislynprovided through the strategic data collectio
activities established in 2008. Quantitative coriguans of the levels of POPs across countries werg v
difficult, because of the lack of adequate data thedr completeness, and the short period covarethé
established supplementary data collection act&it@®enerally, the region lacks long-term estabtishe
programs with good regional spatial representationcomprehensively address the time trend in
concentration, long-range transport and spatiatidigion of POPs. In this regard, the following ree
identified as key data gaps: inadequate milk datasbme sub-regions; lack of systematic monitoohg
POPs in the core media (ambient air and human wmilkblood) is taking place; lack of data on
PCDD/PCDF are available; and very limited data QB

Capacity building needs

In order to address the existing data gaps, caphaitding for POPs monitoring remains a high ptior

for most countries and the region at large. Thaskide: building human capacity to analyse and mena
POPs, support for dedicated regional laboratorigis mecessary high resolution equipment for analgsi

all POPs compounds; support for regional approachPOPs monitoring by establishing regional
programmes with standardized protocols for detemtion of POPs in core media and non core media;
provision of basic consumables and equipment toomat laboratories to support their involvement in
regional programmes; involvement of national reglanstitutions in proficiency testing and upgraglin
their performances in POPs analysis; promotingegfianal data sharing and storage; support sample
banking for future evaluations; and support forisagl communication among the regional organization
groups and focal points through Chemical Informatixchange Network (CIEN) and similar efforts.

Future monitoring programmes

Future evaluations would benefit from 1) maintagnon-going monitoring programmes to support gerarat
of baseline data in the region, 2) maintaining @mthancing regional coverage of the establishedegia
programmes to provide additional data in the coeelimy 3) continued monitoring to produce comparalala
to support the assessment of trends and levelsndetd in the core media, as well as at least aluitianal
medium of regional priority, 4) incorporation ofrnchdate persistent organic pollutants into the nuimg
programmes, 5) enhancing participation of regionstitutions and laboratories through the analg$iparallel
samples, 6) facilitation of inter-laboratory calibon and training activities, and 7) establishangegional
specimen bank and database for the core media.
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Conclusions

1)

2)

3)
4)
5)
6)
7
8)

9)

Due to lack of established POPs monitoring prograswwith adequate regional representation, Africa
exclusively depended on partnerships and stratagicities established in 2008 such as GAPS,
RECETOX and WHO to produce regional POPs datarfdsient air and human milk;

There is limited analytical capacity characteridsd weakness of analytical infrastructure among the
regional institutions and laboratories to analy$2PB with most only capable of analysing a few POP
pesticides and PCBs. The analytical capacity tosameaPCDDs/PCDFs is completely missing.

There is some human capacity in some countriekarrégion, to measure POPs in core media, and
with additional capacity enhancement can partieigaimonitoring programme.

Most of the POPs data in other matrices was olddfireen published literature from national research
activities due to lack of established monitoringgmammes,

There are several identified institutions in thgioa that conduct research on POPs but have weak
analytical, data handling, storage and disseminatapacities;

The available POPs data is inadequate in most egibfrs due to limited number of countries
participating in the established monitoring aciest

The region has relatively poor communication nelkwtinat contributes to delays the judicious
implementation of the GMP activities;

There is limited coordination among the regionadtitntions dealing with POPs and other related
Multilateral Environmental Agreements such as tlasds, Rotterdam and Basel conventions;

Most African countries are Parties to the Stockhdlmnvention and many have elaborated and
submitted their National Implementation Plans @ @OP, but there is still limitted coordination and
collaborative activities at national and regioreaddls;

10)Some countries provided instructive data on theltewef POP pesticides in water, sediments, soil and

food stuff indicating the existing expertise wittilre region, which needs to be strengthened ifcAfri
has to participate meaningfully in the future ewasilons.

Recommendations

A cost-effective approach to future evaluationsusthanclude the following:

1)

2)

Providing additional support to maintain establasistrategic GMP monitoring activities such as
ambient air monitoring and human milk survey tol#eaontinued production of adequate POPs data
in core media to enable evaluation of temporaldsegnd long range transport;

Developing the GEF regional proposals and segetachnical assistance to boost the analyticph@ty of

the regional institutions to produce high qualitylaomparable POPs data to GMP;
3) Enhancing the human capacities of regionaltirigins and laboratories network based on harnazhiz

4)

5)

6)

POPs monitoring protocols for each core media tolifée the production of continent-wide
comparable data;

Establishing regional monitoring programme toduce comparable data in at least one regionabmat
of priority to support the data obtained from coredia;

Strengthening the capacity of identified natloaad regional laboratories to conduct POP analyses
through GEF capacity building programs to suppedional training in POPs analysis and data
handling as well as to support the monitoring paogmes;

Widening the participation in POPs monitoringggmammes to cover more countries and strengthen
partnership and collaboration in GMP and otherteelaactivities in the region through bilateral or
multilateral partnerships through Projects suclbB§ and the EC-ACP projects on Capacity Building;
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7) Enhancing the coverage of regional informagschange through UNEP chemical activities such as
CIEN to sensitize goverment officials such as thaisers of Environment, Finance and other relevant
ministries on the importance of POPs monitoringvias;

8) Strengthening the capacity of existing regiosialictures such as the Stockholm Convention/Basel
Regional Centres and others such as NEPAD;

9) Forming National Task Forces on GMP, comprisiigstockholm Convention Focal Points, national
contacts and the local stakeholders to overseecandlinate activities related to GMP at national
levels;

10) Mainstreaming of the chemical management digs/such as POPs monitoring into the regional and
national development agenda.
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1. INTRODUCTION
1.1 BACKGROUND

The Stockholm Convention on Persistent Organicutaits (POPs) was negotiated from June 1998 to
December 2000, adopted as an international legatiging instrument on 23 May 2001 and entered into
force on 17 May 2004. The aim of the Stockholm Caniion is to protect human health and the
environment from the adverse effects of POPs (lrtlg, by reducing or eliminating their releaseshe
environment. As of '8 August 2008, 50 African countries were PartieSignatories to the Convention
(Annex A Table A 1).

Persistent Organic Pollutants (POPs) are a groughemicals that pose serious risk to human health a
the environment. They persist for long periods afign travel long distances from their source of
production. They accumulate in living species, Ingicg more concentrated in fatty tissues as theyanov
up the food chain.

POPs possess toxic properties, resist degraddtiorgccumulate and are transported through airewat
and migratory birds and animal species acrossnati&mal boundaries, being subsequently deposited i
distant places where they accumulate in terrestnal aquatic ecosystems. Studies on wildlife, and t
certain extent on humans, have shown that expasuhese chemicals may result in birth defectscees)
immunological and reproductive disorders, and amshing of intelligence. These toxic contaminacas

be passed on to future generations, for examplaudin breast milk.

The increase in use of these chemicals in devajopauntries and particularly in Africa is of a majo
concern because of the lack of capacity and infresire to ensure their safe use and disposal.

The Stockholm Convention represents a major sterts global protection of human health and the
environment from the dangers resulting from the efsSBOPs. The Convention aims at controling POPs,
with the view of phasing them out. The main objes®f the Stockholm Convention on POPSs is to ptotec
human health and the environment from persistagdroc pollutants. Twelve POPs are initially ideetif
and listed in annexes A, B, and C of the StockhGlonvention (Annex A Table A 2 to A 4) and these are
the POPs that are targeted for regulatory actiodEB, 2001).

One of the requirements of the Convention is tlzati®s should prepare and implement a phase ontgbla
action of POPs through a GEF Funded Project. Thalelmentation Plan outlines all aspects of POP
management, including general sensitisation meshaniand strategies to dispose of waste. The overall
objective of the NIP is to develop a national framoek with a view to protect human health and the
environment from the effects of POPs by preparing ground for effective implementation of the
Convention and strengthening of the country’s mati@apacity to manage chemicals in general, arélsPO
in particular.

As POPs pose a major concern to mankind, PartighetdConvention agreed that there was need to
monitor their presence and removal from the enwviremt and human system through a measuring
mechanism to ensure that the objective of redu@rahelimination is attained.

This decision to monitor is contained in Article 6 the Convention which providder an effective
evaluation of the phasing out process four yeaes #ifie date of entry into force of the Conventiand
periodically thereafter at intervals to be decitdgdhe Conference of the Parties (COP).

27



1.2 OBJECTIVES OF ARTICLE 16 OF THE STOCKHOLM CONV ENTION

The main element in the effectiveness evaluatidhasdevelopment and implementation of arrangements
to provide globally comparable monitoring data be presence of the chemicals listed in Annexes A, B
and C of the Stockholm Convention, as well as m#tion on their regional and global long range
transport. Such arrangements should be implemeantedregional basis when appropriate. Therefoee, th
objectives of the article are:

To provide a mechanism to evaluate the procesbhasdipg out of POPS;
To evaluate the effectiveness of the mechanism;

To provide data on the presence of the targetedcsPOP

To provide information on the regional and glolvahsport of these POPs.

PwbhE

1.3. OBJECTIVES OF THE POPs GLOBAL MONITORING PLAN (GMP)

To facilitate the evaluation and monitoring progceSBNEP Chemicals developed a POPs Global

Monitoring Program (GMP). The main objectives o trogram are:

a) To evaluate actual reduction or elimination of P@P®sponse to Articles 3 and 5 of the Convention

b) To provide a harmonized organizational framewonktfe collection of comparable monitoring data
on the presence of the POPs listed in Annexes @&pdBC of the Convention

c) To provide information on the regional and globalieonmental transport of these POPs

d) To detect the trends in levels of POPs exposuheiiman

e) To build the capacity of Africans to undertake satiidies and implement POP related programs

f) To assist with regional capacity building in deyefg countries

The COP also decided to establish a provisiadahoctechnical working group to coordinate and oversee
implementation of the GMP. The technical workingup was requested, among other things, to develop
an implementation plan to fulfill the minimum regements for the first Effectiveness Evaluationngsi
comparable data from regional monitoring programd @ata provided by Parties, and to present thee dat
on a regional basis to be used as a baseline.

Parties were requested to nominate members to tkechaical groups with expertise in monitoring and
data evaluation and decided that each regionalnargtéton group should comprise of six members. The
main objectives of the regional organization growgre to define and implement the regional strafegy
information gathering, including capacity buildir@yd to prepare the regional monitoring reporttfe
first Effectiveness Evaluation to be performed iy €onference of the Parties in May 2009.

The major output to be produced by the regionatization group is the regional monitoring repbtt
summarises the results of monitoring programs witheir region, and that records baseline concémtra

in the environment and human milk or blood, agawmisich temporal trends can be established. Another
function of the report is to facilitate communication contaminant issues between regions and assist
addressing gaps in the global program. The regime@drts comprise an element of the reporting & th
Conference of the Parties and provide an imporiiaikt between the field sampling programs and the
evaluation of the effectiveness of the Stockholnmy@mtion.

The COP also agreed that the minimum requirementhé first evaluation will be that:
a) The first monitoring report will provide baseasfor further evaluations;
b) Such comparable and representative core datddshe obtained from all five regions;
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C) Guidance should be provided on standardization;
d) Strategic arrangements and partnerships shadistablished, particularly with the health and the
agriculture sectors;

e) Reports are prepared for the Conference of &meeR summarizing and presenting the data as per
an appropriate agreed format.

f) Air monitoring and human exposure through hurbesast milk or human blood would be used as
core data.

For future evaluations, the Conference of the Padiso made the decision to use data from other
media such as biota, water, soil, and sediments.

The choice of the use of human milk is based orfabethat human milk is an attractive medium beeau

it is non-invasive and relatively large volumes ss&fimples can be easily collected in a more or less
standardized manner. However, it has disadvantagete sense that only one gender constituting a
limited age group is monitored. On the other haithough maternal blood is an invasive proceduse, i
choice as a favorable matrix could be due to exgséictivities, customs and available infrastructure

The monitoring Programs and activities are categorinto the following groups:

Group 1: Programs which can immediately provide informatior the monitoring reports to be prepared
for the first evaluation;

Group 2: Programs that, with identified capacity enhanaatmean provide information coverage
in areas that would otherwise be inadequately sgmted in the first monitoring evaluation
reports;

Group 3: Programs which may be enhanced with capacitydmglfor future evaluation;

Group 4: Programs for which more information would be resttefore categorization.

This grouping facilitates arrangements to use direaxisting available data as well as assistance fo

capacity building where needed. Most African cowstfall under Groups 2, 3, and 4.

The following factors serve as guiding principleghe GMP design and reporting process:

a) Only the substances contained in Annexes A, B andf @he Convention are considered for the
moment;

b) It is essential to ensure inclusiveness and trarspy in all aspects of the GMP design and repgprtin
process;

c) lIssues of compliance and proposition for additidd@lPs to the annexes of the Convention are not the
focus of the GMP;

d) Hot spots are not priority sources;

e) Specific issues of scientific understanding.
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2. DESCRIPTION OF THE AFRICA REGION
2.1 OVERVIEW OF GENERAL AND SOCIO-ECONOMIC FEATURE S

Africa (Figure 2.1) is one of the largest contirgeimt the world. The total area of the continenAfifica
including the Indian Ocean and Atlantic Ocean Idl&tates is 40, 065,721 square miles, and the total
population of this area is 797,696,000 people. oafris divided into Northern Africa, Southern Africa
Eastern Africa, Western Africa, Central Africa atiee Island States as shown in Annex B Figure Bl
(UNEP, 2002b).

Agriculture forms the backbone of the continentwitost rural Africans being agrarian. The continent
rich in mineral resources, ranging from gold, diachobauxite, silver, to fossil fuels and other pras
metals. These mineral resources are unevenlylaistd in the continent.

Five official AU languages are spoken in Africa redyn English, French, Arabic, Portuguese, Spanish.
Kiswabhili is expected to be soon added to this listhould be noted however, that each Africamntiguis
constituted of many ethnic groups or subgroupsspatk languages other than the five official oiés
dominant conventional religions are Christianitygldslam, but traditional religions are still beiaghered

to in several communities.

In the new millennium, Africa is characterized byotinterrelated features namely, rising povertyelsv
and deepening environmental degradation. Globalg$ the largest percentage of people living es le
than $1 per day, and two thirds of the 48 couniniekided in the list of least developed count(leBCs)
are in Africa. In this regard, all efforts are getowards the achievement of food security ancepgv
reduction. It is, therefore, not surprising thathin the context of environmental issues more ersighia
placed on desertification and climate change issu@sh are prone to lead to problems of diminishing
food resources and the capacity to enhance foadisecrhe overuse and misuse of chemicals, incgdi
POP pesticides, to control pests and booster dgnal productivity could also be attributable toist
desire to enhance food security.

2.2. POLITICAL STRUCTURES

Independence and self rule was introduced in m@stak countries in the late 1950s, allowing Afritca
start taking its destiny into its own hands. Softarathe process of uniting Africa started and ohé&ese
processes led to the birth of the Organization d&fican Unity (OAU) in 1963. The objective of
establishing the OAU was to achieve greater unitgt aolidarity and to promote political and socio
economic development in Africa.

Following the dissolution of the OAU in July 20@Be African Union (AU) was established the same yea
to capture the Organization’s goal of establislangpmmon economic market and political union across
the continent, thereby ensuring Africa’s abilitygiay a more meaningful role in the global econoiitye

AU is a Pan-African body responsible for spearhegdAfrica’s rapid integration and sustainable
development by promoting unity, cohesion, peace endperation within African states as well as
developing new partnerships worldwide. The AU hamandate to promote regional cooperation on
environmental management agdnservation.Regional groupings, particularly economic commuasiti
such as the South African Development Cooperat®@ADC), the Economic Community of Central
African States (ECCAS), the Economic Community astVAfrican States (ECOWAS), Common Market
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for Eastern and Southern Africa (COMESA), East ¢dn Community (EAC), Community of Sahel-
Saharan States (CEN-SAD) and the Union du Maghrab&\(UMA) now form part of the AU.
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Figure 2. 1: A map of Africa showing the different countries

2.3. CLIMATIC AND GEOGRAPHICAL CHARACTERISTICS
2.3.1. Climatic characteristics

Climate variability is a normal part of Africa’silate (Annex B Figure B 2). Periods of drought and
flood, warmth and cold have occurred interchangeabl the past (Ropelewski and Halpert, 1987
Ogallo,1988; Nicholson and Kim, 1997; Tyson et &002). Most countries in Africa are already
vulnerable to extreme climate events such asdabpyclones, droughts and floods. Daily varidhiin
climate over Africa occurs through diurnal effestgh as land-sea breezes, local topographic arslatoa
effects on airflow into lower latitudes (Tyson aRdeston-Whyte, 2001). Sea surface temperaturessjSST
in Atlantic and Indian Oceans are the primary ieflae of African inter-annual rainfall fluctuatioasd are
linked to the El Nifio-Southern Oscillation (ENSQjage shifts (Rocha and Simmonds, 1997; Nicholson
and Selato, 2000; Reasons et al., 2000). Thest association between the wet (dry) conditionghen
African continent and cold (warm) sea surface tepee conditions in the Atlantic and Indian Oceans
(Nicholson and Kim, 1997; Reason et al., 2000).irAdgular intervals the North Atlantic Osscillatio
(NOA) and ENSO events have major impacts on intesal climate fluctuations on the continent (Tyson,
1986; Ward, 1998; Reason et al., 2000).

The intertropical convergence zone (ITCZ) or momstrmugh dominates Africa’s climate (Lewis and
Berry, 1988; Waliser and Gautier, 1993). This IT§kfts over the land from one hemsphere to anather
sympathy with the shift in areas of maximum solaating. Significant latitudinal differences in chte
exist across the continent in response to diffe¥enc land sea distribution, topography and geducap
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location in relation to subsidence associated with subtropical high pressure cells. Rainfall asrite
continent varies from about 1,500 mni'yn the equatorial regions to <50 mm'yver Northern Africa
(Sahara desert region) and to <300 mmigrSouthern Africa. In Southern Africa, there is@mln east-
west gradient with rainfall varying from about 960n yr! to <50 yf* in the western regions (Kalahari
Desert region).

Easterly and westerly wave disturbances form a n@mponent of the continent’s climate system. Abou
10% of the wave disturbances later intensify imtpical storms or cyclones (Tyson and Preston-Whyte
2001). The tropical cyclone formation follows pmeéel zones in the Atlantic and Indian Oceans during
summer. Pre-requisites for tropical cyclone foiorainclude: warm sea surface (26%28to a depth of
about 60 m), low-level convergence to maintain g¢@snd latent heat supply and upper level divecge

to maintain ascent (Mason, 1995). Major misturercsesi for rainfall over the continent are the guif o
Gunea and Congo basin, and the Atlantic and Inoé@ans (Rocha and Simmonds, 1997).

Onset of summer monsoon in west Africa is linkeamoabrupt latitudinal shift of the ITCZ from a gra
stationary location of 50N in May-June to anotheagj-stationary location at 100N in July-AugusteTh
mean date of summer monsoon onset is 24 June sii@ndard deviation o 8 days. The pre-onset stage i
characterised by the arrival in the Sudano-Samal@e of intertropical front (ITF), a confluendee
between moist southwesterly monsoon winds and driheasterly — the Harmattan — aPNI5Taljaard,
1986; Shinoda and Kawamura, 1994).

2.3.2. Vegetation characteristics

The principal controls on the distribution of vegjéin in Africa are total annual rainfall and thminhg,
duration and intensity of the dry seasons (Streete® & Perrott, 1993). It has been noted thatpeding
to the partly floristic and partly physiognomic etation classification of white (1983), the vegeiatof
Africa bears a close relationship to the largeesciimate of the continent (Street-Perrott & Pdyrb®93).

The sub-tropical and temperate seasonal climatesclharacterized by vegetation that is fire prone,
comprising unique fire-dependent ecosystems thae levolved with fire as integeral to biodiversity
persistence and ecosystem functions. Fire is aildelyvused by people to manage such systems foahum
benefits, especially for improving grazing potehtla most of these ecosystems grazing by livesteck
itself an important influence on vegetation stroetand may limit fuel accumulation, leading to the
potential for quite rapid human-induced changedine regime, and resulting switches in vegetation
structure such as bush encroachment. The impadistufrbances by fire is therefore a key componént o
consideration in monitoring the emissions of ureittional POPs on the continent.

2.3.3. Geographical characteristics

The following is an overview of some of the mostrpment features in Africa: The longest river irrida

is the Nile with a length of 6,695 km and a lacggchment or basin area of 3, 720, 000 sq kmrouye
Egypt, Sudan, Uganda, Tanzania, DRC Congo, Burdwgnda, Kenya, Eritria and Ethiopia. The largest
lake is Lake Victoria, which is about 69,000 sq &nu 1,130 meters above sea level, bordered by Wgand
Kenya and Tanzania. The highest mountain is theniditjaro in north eastern Tanzania with a height of
5,895 meters high while the largest desert in Afribe Sahara, is more than 3.5 million squaresnired
covers part of northern and western Africa

Because of heavy rains and large water bodies, BORsd and water environments may be carried away
in run-offs. Low lying countries and cities will &by receive these run-offs. Some cities for exampl
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Western Africa are flat and low-lying (below seadB while others in Eastern Africa lie 4,500 m @bo
sea level.

2.3.4. Biodiversity Characteristics

Sub-Sahara Africa (SSA) is home to a significantipo of global biodiversity, both faunal and flstic.
Africa as a whole contains about one-fifth of allokvn species of plants, mammals and birds, andtabou
one-sixth of the amphibians and reptiles. Suchescim biodiversity is perhaps not suprising giveatt
SSA covers a remarkable climatic and topograpmgeafrom equatorial rainforest through to temperat
regions of Southern Africa, with limited represeimia of alpine climates at mountain tops, and with
rainfall seasonality ranging from all-season, sumsaason and winter-season, incorporating sombeof t
driest regions of the world in form of the Namibde«.

The region contains four biodiversity hotspots tiogiether host 3.5% of the world’s endemic plarmicigs
and 1.8% of endemic vertebrate species in areasathareduced from their original extent by between
73.2% and 93.3% (Myers et al., 2001), statistied thdicate a potentially high level of threat tériéa’s
endemic biodiversity. There appears to be an isamgeexposure of natural ecosystems to human irapact
in SSA, despite the generally low population deéesibutside of the major urban centres.

African biodiversity is, as in other parts of thend, positively correlated with human populaticendities
(Balmford et al., 2001), with significant implicatis for human impacts on species persistence o t
future. Human pressures on biodiversity is incregstrongly in many parts of the sub-continenthwit
direct use through, for example, bush meat hamnvgshireatening to extirpate many species of a tyagk
types (Bowen-Jones and Pendry, 1999; Thibault daddy, 2003). Development and timber harvesting
are threats in some areas, and land conversiogrtouiure is transforming landscape, causing spati
fragmentation of ecosystems in many areas (Laurel@®9; Kemper, Cowling and Richardson, 1999;
Mentens and Lambin, 2000; Zhang, Justice and Desa#R02). The problem of allein invasive spedes
also increasingly seen as a threat to biodiversitythe continent (Morrison et al.,, 2004; Le Maitre,
Richardson and Chapman, 2004).

Despite the varied threats, many sub-Saharan deosysetain substantial proportions of the biodiitgr
that occurred prior to the expansion of human amdnd the late Pleistocene. The region has retained
almost a full suite of its mega-herbivores and dacgrnivores, in sharp contrast to all other camtis of

the world, although they have suffered significeedtuction in areas over which they potentially &g

the wild. The Congo Basin has retained a substaptaportion of its primary tropical forest and thu
represents a globally important carbon store, amdhhof the tropical and sub-tropical savannah and
woodland ecosystems are relatively intact. In SoAthca, Scholes and Biggs (2005) found that
biodiversity can be classified as more thsn 80%cintaccording to an index which assesses thespamse

of species richness across all land-use types.

The uniqueness of the African continent, in terrhgemgraphical location, climate variability and/elise
socio-economic activities, is significant in detarmg the environmental fate of PTS (and POPs).s€he
conditions can influence the behaviour of POPs, deample, air monitoring data in Zimbabwe and
Malawi showed that hot temperatures volatilise ypdaDDT into pockets of hot air and could drift dow
stream. DDT can condense on the ground when theaiertures are low. The distillation and condengatio
of PTS on top of cold mountains, like the Kilimamgacould also take place, although no data fromicAf
exists to confirm this. In addition, studies on #esessment of PTS also indicate that DDT and R@&8s
the most encountered POPs in fish and marine emwmeat since 1970s. The same studies also indicate
widespread PTS contamination of foodstuffs of bptant and animal origin, including fish and fish
products, breast milk and dairy products. Fish tuies the major source of animal protein for ¢aks
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lacustrine and riparian populations of some Africanntries, and is thus an indirect source of exyot
POPs for these populations. POPs also occur imeed$ of the major lakes such as Lake Victoria, and
need to be addressed (UNEP, 2002a).

2. 4. AGRICULTURAL AND INDUSTRIAL ACTIVITIES

Agriculture is the biggest contributor to natio&DPs of most African countries. However, over thstp
decades, industrialization is gaining ground inesalcountries. An overview of agricultural andusttial
activities in Africa region is given below:

2.4.1 Agriculture:

Most of the African countries’economies are basedgriculture, which contributes largely to the GDP
and to the countries' exports. Several seasonpsaie well as cash crops are grown. Agricultratosec
employs a large percentage of the population imegen.

The agriculture is sometimes plagued by periodisudht, and more persistently by land degradation
caused by inappropriate agricultural practices awergrazing, deforestation, population pressure,
undeveloped water resources, and poor transparasinficture. However, irrigation as well as other
methods such as agricultural diversification sgege are being increasingly used to boost agriclltu
productivity.

The maritime fisheries sector as well as livestogdduction also occupy prominent places in theomati
economy of some African countries. Horticulture kapanded rapidly in the last two decades to become
one of the largest contributors to GDP. As a regulit and vegetable conservation and transforomati
form an important part of the agro-food industry.

In response to the need to boost agricultural privdty and to attain food sufficiency, there isemdency
towards the use of chemicals such as fertilizeeseninary chemicals, and plant protection substance
Pesticides constitute one of the major sourcesT@ Bnd POPs in sub-Saharan Africa. Pesticides are
generally imported and not produced. However, pegiformulation plants exist in many countrieshod
region. Sub-Saharan Africa imports less than 5%eims of value of the total pesticides import of th
world. The most widely used PTS pesticides inclgdinganochlorines are DDT, Endosulfan, Chlordane,
Lindane (HCH), Heptachlor, Toxaphene, HCB and AdWNEP, 2002a).

In general, the following are the key features reéyey agricultural sector in the region:

a) Agriculture contributes 20-40% to GDPs of most doies in Africa

b) Agriculture contributes to food security and is thain source of foreign exchange earnings in most
African countries

c) Fisheries occupies an important place in agricaltammost countries

d) Industry contributes 4-32% to the GDP in most coast

e) Main constraints include-inappropriate agricultunatactices, lack of modern technology and
techniques, disastrous climatic conditions, laclkawareness on the use of harmful products, lack of
adequate laws and monitoring schemes on chemisatsin agriculture and industry.
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2.4.2 Industry:

The industrial sector, despite its small contribatio GDP, supplies important consumer goods lwthe
domestic and international markets. The main matufeng products are textiles, foodstuffs, bevesage
leather and non-metallic products. The industrétar is progressively gaining ground in many Adric
countries. It now represents 4% to 32% of natioB&8lPs in most African countries. Having been
dominated by food industries for a long time, théustrial sector has rapidly diversified due totise of
certain strategic chemical sectors such as pemrgl@esticide and pharmaceuticals, among otherserOth
sectors that contribute significantly to the GDI #re services sector and tourism (which includhes t
hotel industry). Mining is also an important adijvin some countries.

To meet its developmental needs, Africa importgaasing amounts of various types of chemicals for
industrial, domestic and agricultural purposes, awkn for cosmetics, food, plastics, laboratory,
petroleum, and a host of other uses. On the othied,hsome countries have successfully diversified t
economic activities by carving out special niches textiles, financial services, information &
communication technologies.

2.5. ENVIRONMENTAL HEALTH SCENARIO LINKS TO POPs

The region of Africa offers significant potentiairfhuman, social and economic development. Howelver,
is facing enormous challenges such as rapid papaolagrowth, rising levels of poverty, diseases, and
inappropriate development practices which are #isomain factors that affect the regional statéhef
environment. Exacerbated by rapid population growdverty remains the primary cause of most of sub-
Saharan Africa’s environmental health problems.f Hél Africa’s population has no access to health
services and two thirds lack safe drinking water.

With regard to diseases, in many sub-Saharan Afrcoaintries, malaria remains a national healthriyio
and a big concern to the Governments. A review gotedl in The Gambia reported that 40% of all deaths
in children between the ages of 1-4 years are @uealaria, a figure higher than the continentarage of
10-30%. This trend seems to persist to date in mfdnigan countries. One of the greatest challenges
facing malaria control worldwide is the spread amignsification of parasite resistance to antimalar
drugs. The limited number of such drugs has ledntyeasing difficulties in the development of
antimalarial drug policies and adequate disease aganent. The Roll-back Malaria Programs
championed and implemented by several African Gowents has still not registered significant impacts

The use of DDT in agriculture has been bannedrroat all countries, and some countries have extende
this ban to public health applications. Howeversame countries, DDT is still used for indoor resid
spraying to control malaria vector. The use of DS addressed at the 1995 meeting of the WHO Study
Group on Vector Control for Malaria and Other MasopuBorne Diseases. The Study Group stated that
DDT may be used for vector control, provided thas ionly used for indoor spraying, it is effectitae
WHO product specifications are met, and the necgssafety precautions are applied for its use and
disposal. Under the POPs Convention, several desrdre considering or have decided to phase odt DD
use in their public health services over periodsativeen 3 and 8 years.

Considering the fact that DDT might play a rolecombating malaria in future, particularly in theopest
endemic countries, it was suggested that restnistion DDT for public health use be accompanied by
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technical and financial mechanisms to ensure tfiatteve malaria control is maintained through aect
control methods that depend less on pesticidesaineand on DDT in particular.

Due to lack of knowledge on environmentally susthle alternatives and proper quality control of
agricultural products, African farmers have greatigreased their use of chemical based insecticides
herbicides, and fungicides. Persistent Organiculaiks are still being used or stocked in maké stofes
where the dangers and risks due to exposure areens. The stock is sometimes comprised of packages
of substandard, deteriorated pesticides includi@@$ as shown in the picture below. At least 201068

of obsolete pesticides and tens of thousands «f tdncontaminated soils have accumulated in most
African countries over long periods (FAO, 1998).eloecent FAO estimates are that there might be mor
than 40 000 tons, perhaps even much more, of ttlesmicals stocked or discarded over many parts of
Africa (UNEP, 2002a). These pesticides pose a seribreat to the health of both rural and urban
populations and contribute to land and water degiad. The main causes of accumulation of obsolete
pesticides in Africa are:

Pesticides for locust and malaria control

prolonged storage of products under non optimabg®conditions;
unnecessary donations, particularly under the Kek2se;

banned, unlabelled or illegally imported products.

PobdE

Plate 2.1: Stock of hazardous chemicals in an African courf®purce: NIP Project Implementation
Report-The Gambia-16/1/2003).

Many cases of acute pesticide poisoning, inclutimge with only minor effects, occur annually irrié4,
making them a major public health problem. The sewf poisoning can stem from inappropriate storage
and disposal facilities. Chemicals such as fedibzand persistent organic pollutants previousigelyi
used in agriculture and for disease vector contohtinue to contaminate water bodies. POPs are als
used in industry or are generated as by-produdtsdunstrial processes.

The major industrial PTS (including POPs) chemiaaloncern in the region are adjudged to be the
following: PCBs (mainly from electricity generatingndustry), HCB (also a PTS pesticide),
pentachlorophenol (PCP) and phthalates (UNEP, 20@&ace the early 1930s PCBs have been widely
used as dielectric fluids in electrical transformend capacitors. The minor applications of PCBs in
equipment have been as heat transfer fluids andabld fluids in industry, and as cooling fluids in
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switches, voltage regulators and motors. Open egins of PCBs have been as plasticizer in paint,
plastics and sealants and in carbonless copy paper.

PCBs themselves or PCB contaminated equipmentdséaravaste and/or more commonly PCB containing
equipment still in service exist in many countridgey may be found in closed electrical systems, in
partially closed applications or as heat transfed &ydraulic fluids, vacuum pumps, switches, etc.
Draining of old transformers containing mineral aitd PCB-contaminated mineral oil, as well as their
inconsiderate disposal can lead to leakage andagwnmation of the soil (Plate 2.2). Therefore, dulda
storage facilities that comply with the obligationfsthe safe storage management plan of the Baskl a
Stockholm Conventions are in place. In some Africaantries, metal scrap from transformers have been
known to be transformed into cooking pots by Iaalths, such pots are used domestically, and mainly
women.

Plate 2.2 below is an example of an abandonedrigdkansformer.

Plate 2.2:Leaking electrical transformer in an abandoned arean African country (Source: GTZ PCB
Project, The Gambia 1/6/2000)

Contamination of the environment can also occupugh industrial processes (e.g. polychlorinated
biphenyls (PCBs) and heavy metals), agriculturest{peles), or accidental industrial by—productg.(e.
polychlorinated dibenzo-p-dioxins and furans-PCDE)/Mining can also have a variety of detrimental
environmental effects, including contamination awndwater with heavy metals, and silting and
sedimentation of riparian ecosystems. Medical wasteneration, lack of shredder plants, burning of
scraps, steel fabrication with welders having leditprotective gears and domestic waste burning all
contribute to dioxin and furan contamination.

A large amount of accidental and deliberate combgs taking place, including the burning of rubbe
tyres as well as the stripping insulation of coppaes and cables. Waste combustion could potént!

the largest source of dioxins and furans in Afribdoreover, burning of sugar cane fields, a common
practice in sugar producing countries, could alsotribute to the formation of dioxins. A daily TEQ
production of around 60g (21360 g TEQ/year) forxdie and furans for Sub Saharan Africa has been
estimated based only on uncontrolled domestic westebustion (UNEP Chemicals, 2002). This would
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equate to 0.0003 g TEQ/year per capita, but doésnetude industrial or any other anthropogenic or
natural sources as these were not taken into aenagidn in the assessment (UNEP Chemicals, 2002).

Uncontrolled and widespread combustions of matei(Blate 2.3) at household levels, and in industria
processes present a serious threat to human tadtho release of POPs and particularly dioxins and
furans.

Plate 2.3:0Open Burning of Waste at the Dandora Dumpsite &wKenya NIP, 2007)

The long term inappropriate use of POPs in agticaliand vector control, as well as in industriex] a
exposure from uncontrolled burning, may resultha presence of these toxic chemicals in human blood
and breast milk.

The trend of concentration observed in Sub-Sah#&raa®for PTS is DDT> PCBs> toxaphene. The report
indicated that humans were less directly exposad #nimals and vegetation to PTS during the period
1970 - 2002. However the main risk remains the faeth contamination. The occurrence of relatively
high levels of DDT, PCBs and dioxins/furans in adip tissues and blood of occupationally exposed
persons is of immense concern. Equally disturbnthé high levels of HCB, Lindane and endosulfan in
human breast milk in the region, in view of WHOIgorous campaign that mothers breast milk is bast f
children. It has been established by studies irttSadrica that Organochlorine Pesticides (OCPSs) loan
transferred to infantgia breast milk (UNEP Chemicals, 2002).

It is to be noted that apart from POP pollutionriéd has to reckon with other major health issweger in
some parts of Africa is undrinkable due to contation by bacteria, untreated or poorly treated gewa
heavy metals and silt from soil erosion, fertilz@nd pesticides, mining tailings and industriast@aThe
following can be given as a summary of the scenartbe region:

a. Most African countries neither manufacture nor ekpbemicals but are importers;
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Food security being a priority, the potentials $& more pesticides is high;

Malaria is still a leading killer disease, and tirge to use an effective insecticide such as DDT is
high;

Stocks of obsolete pesticides are still presesbime African countries;

POP contamination in environmental media is prebanhot inventorised;

Both Agriculture and Industry can be responsiblehfazardous chemicals pollution;

Principal sources of PCBs in Africa are transforsrend capacitors;

Apart from pesticide poisoning, other hazardousntbals including POP contamination in
humans is not documented or reported,;

Some African countries still do not have in placenitoring schemes or even action plans on
hazardous chemicals;

Some African countries have still not developedubmitted their National Implementation Plans
on POPs or even ratified the Stockholm Convention;

Regulatory actions on hazardous chemicals aremu#rtaken by some countries;

The WHO, RECETOX and other international Programsh@ monitoring of POPs in breast milk
and environmental media presently do not covehfaitan countries.

The names of countries that have signed and mhtifie Stockholm Convention as well as those the¢ ha
transmitted their NIPsan be found in Table Al, in Annex A.

In response to the need to address the above prspléfrican countries have taken individual and
collective control measures and steps to halt #gative impact of toxic chemicals. These measures

include:

a. Programs in place to dispose of obsolete stockesticides and clean up of contaminated sites;

b. Development of action plans, monitoring schemesmndrams on hazardous chemicals;

c. Most countries have developed National Profileadsess their countries’ capacities for chemicals
management;

d. Some countries had or have on-going programs oenbovy of POPs and other hazardous
chemicals;

e. Some countries have established databases or riegigin chemical imports, exports, use,
incidents etc;

f. Regulatory actions are being taken by many counwie hazardous chemicals including POPs,
particularly through the Rotterdam Convention regmients;

g. Most countries have banned DDT in agriculture lmme allow its use in vector control, especially
in malaria cases;

h. Pesticide Formulation Laboratories have been astedal by several African countries;

i. Most African countries are signatories to chemicahventions; Bamako/Basel, Rotterdam,
Stockholm, Vienna/Montreal, Kyoto Protocol;

j-  Most African countries participate in regional anternational programs on chemicals regulation;
IFCS, SAICM, GHS, Risk Management of UNITAR; ASPILES Common Regulations on
Pesticide and other similar ones in other RECs;

k. Most African countries have developed or are ingfaeess of developing their NIPs on POPs;

WHO Monitoring Program on POP in breast milk andnlan tissues, the RECETOX programs on
POPs in environmental media, GAPS, UNEP/DGEF Capldilding Programs, are on-going.

Given that human and environmental health in Afieastrongly is strongly linked to socio-economic
factors such population growth, economic growth gmalerty, the proposed measures must be
implemented in the framework of sustainable develent.
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Thus, in order to ensure the success of the prdposmasures, the following issues must be taken into
consideration: lack of awareness, need for capacitgling, need for technology transfer, need tocter
control of porous borders, need for domesticatib@anventions, lack of availability and access &tad
weak infrastructure such as limitated analyticdlamdty of laboratories to measure POPs levels mdru
tissue and environmental media, and lack of enw@mtally friendly alternatives to some POPs such as
DDT.

3. ORGANIZATIONAL ARRANGEMENT AT REGIONAL LEVEL

Based on issues raised in chapter 2, it is deddcedthe regional approach to the management of
hazardous chemicals as an environmental issueligiti.e. it is not isolated from other enviroental

and health problems. The GMP exercise is not onlgravironmental but a health issue and touches®n t
sustainable development aspects of the contindns dhapter describes the strategy and orgnisationa
arrangements put in place by the Regional Organiz&roup (ROG) members in order implement of the
activities of the Global Monitoring Plan in the Ada region.

The region was divided into six zones or sub-regi(see Table 3.1 below). Each sub-region was was
under the coordination of an ROG member.

Table 3.1: Countries grouping and coordinating ROGmembers

Rep. of Congo| Ethiopia Kenya Mali Morocco Tanzania
Cameroon Egypt Burundi Niger Algeria Zambia
Democratic Sudan Uganda Chad Libyan Arab | Zimbabwe
Republic of Djibouti Mauritius Senegal Jamahiriya Mozambique
Congo Somalia Madagascar | Guinea Tunisia Namibia
Central Ethiopia Rwanda Guinea-Bissau Morocco Botswana
African Seychelles The Gambia | Mauritania Swaziland
Republic Eritrea Cape Verde South Africa
Gabon Kenya SierraLeone Lesotho
Angola Liberia Malawi
SaoTome and Cote d'lvoire Comoros
Principe Burkina Faso Tanzania
Equatorial Ghana
Guinea Benin
Republic of Nigeria
Congo Togo

Mali
Coordinating ROG members (Country of origin)
Mr. Mr. Jean | Mr. Mr. Vincent Ms. Halimatou| Mr. Najib Mr. Enoch
de Dieu Nzila | Mohammed | Odongo Kone Traore | Belmikki Masanja
(Rep. of Ali (Ethiopia) | Madadi (Mali) (Morocco) (Tanzania)
Congo) (Kenya)

40



3.1. COORDINATING ARRANGEMENTS ROG AND RCG ACTIVIES

The main objectives of the Regional Organisatiooups (ROGSs) as stated in the introduction were to
define and implement regional strategies for infation gathering including capacity building and to
prepare monitoring reports for the first Effectirealuation.

Each ROG member was tasked with receiving data fiespective countries, under his/her coordination,
which would go towards the preparation of the raglanonitoring report. Readily available data colodd
obtained from international and national programias on-going activities. Where primary data wats no
available, summarized data from programs fulfilliing criteria set out in the GMP guidance document
was considered. The Stockholm Convention Focal tRavere also involved in the process of data
provision from their Parties.

During the regional inception workshop held in @&n2007, in Nairobi, Kenya, the regional organaat
group members agreed that each (ROG) member cabedione sub-region. They selected three members
(the ROG members from Kenya, Mali and Morocco) wiauld represent the region on the Global
Coordinating Group Commitee, and the ROG Coordin@h® ROG member from Kenya) for the African
Region.

In addition to the above tasks, the ROGs membamsered, conducted and participated in GMP related
meetings, hired consultants, reviewed and approwedk of drafting consultants. They were also
responsible for submission of the final regionglamt to the Stockholm Convention Secretariat.

Meetings of ROG members
a) Inception workshop

Regional Organization Group inception workshop tfe African region took place from 29-31 October
2007, at UNEP Headquarters in Nairobi, Kenya. Tloekahop was was hosted by the UNEP Regional
Office for Africa. The aim of the workshop was teegent and discuss the main elements of the rdgiona
monitoring plan and to obtain commitments for theiplementation. The main objectives were:

1) To establish a strategy, work plan and timetaliddtfe regional organization group;

2) To agree on arrangements to receive readily aVaitidta;

3) To establish strategic partnerships to producelsupmntary data and to provide enabling capacity

strengthening;

4) To identify necessary enabling capacity-strengtigto Group 2 Programs;

5) To establish arrangements for regional cooperation;

6) To establish arrangements to draft the regionalitong report.

The presentations made at the meeting revealedcthaitries in the region were at different stages o
development of their National Implementation Plans Persistent Organic Pollutants, which might
influence their preparedness to participate ingladal monitoring plan. Participants were also infed

that some data human contamination was availahle,cbuld possibly be skewed to highly exposed
populations. In general population data taken &erence purposes could serve as background data fo
human samples. It was also highlighted that inttgtion of monitoring data from different sourcesl a
generated for different purposes in the regionstinesione with caution, since under GMP, consid@rat

is for background data. It was revealed that maoinigo data on dioxins was almost non-existent,
particularly due to lack of laboratory infrastruewand the high cost of analysis.
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b) Follow-up workshop

A second workshop (following on the Nairobi Meedivgas held in Lome, Togo from thechtb the Z%h
February 2008, to facilitate the implementatiorGMiP activities in the fracophone African countriége
workshop was facilitated by the Stockholm Conveamti®ecretariat, and hosted by the Ministry of
Environment of the republic of Togo.

c) Regional Drafting workshop

A regional drafting workshop was held from™416" July 2008, in Nairobi, Kenya. The aim of the
meeting was to review progress in the draftinghaf tegional report and to gain the approval of rothe
regional members on the content of the final repldre meeting was hosted by the University of Nairo

d) Other Meetings

A Drafting workshop took place in Geneva, Switzedarom the 1t9h to the 2§d May 2008 under the
auspices of UNEP Chemicals. The purpose of the stk was to assist and guide ROGs in the drafting
of the regional reports on the GMP monitoring. Warkshop also offered an opportunity for ROGs to
raise specific concerns and issues regarding pwteeand to receive appropriate guidance.

e) E-Forums

Apart from these meetings and workshop, ROGs [atied in several e-forums organised by CIEN to
obtain additional information on the GMP and rafaigsues. An African ROG/ESTIS platform was also
created to encourage communication between ROGthed stakeholders.

3.2. STRATEGY TO COLLECT INFORMATION

The ROG members developed a template for datactiolteand circulated it to all Parties. They welsoa
tasked with identifying and reviewing appropriatemeof data comparability before transmission to
drafting team. The collected data is stored at BSddtabase at UNEP and could be accessed through:
htpp//mww.ESTIS.net/sites/rog/. The templates usedlata collection are in Annex C Tables C1 and C2

3.3. EXISTING CAPACITY TO ANALYSE POPs IN AFRICA

Although limited capacity exists in Africa, theenonetheless an existing potential at national and
regional levels that can be used as a basis fgyeration in the GMP project.

Overview of existing capacity at regional and natinal levels for GMP
The Tables 3.2 below summarises the existing naltiostitutions with capacities or potential capiasi to
participate in the GMP. The information wasgathetadng the Regional organization group inception

workshop held in October 2007, in Nairobi, KenyadRional information on research activities andA=0
monitoring capacities is given in Annex C, Tablé&sand C4.
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Table 3.2: National Capacity to analyse POPs in Afta.

Country | Institution Capability
Kenya Department of e Has been conducting research in POPs pesticides $Bv8.
Chemistry, University of| «  Currently monitoring POP pesticides and PCBs ineL¥lctoria drainage
Nairobi basin and other parts of the country. Matricesewatediments, vegetation,
fish, and soils
e Also involved in monitoring POP pesticides and P@Bkdian Ocean-WIO
Lab Program, Matrices: sediments and bivalves.
¢ Leading NRBP-water and sediments analysed for petemincluding POP
pesticides and PCBSs)
e Apply EU recommended SOP for PCBs and POP pesticide
» Participated in UNEP/GEF POPs project inter-labmsatalibration study,
2007 for PCBs and POP pesticides in sediment aute.bi
» Participated in IAEA inter-laboratory calibratiotudy for POP pesticides for
sediment and biota, 1999.
» Data archiving: research theses and publicatioirgénnational journals.
ngaerrt?nltgn(ifol;@{;%?ilé i Human milk POP.s.research and moniForing conductd®86, 1992 and 2004.
Health Pharmacology « Mainly POP pesticides and PCBs. Mainly researclafeard of degrees.
and Toxicology
South North-West University | Persistent Organic Pollutants and Toxicants (POPT)
Africa South Africa Research Group:
e Mainly academic research Programs
« Matrices: Breast milk, bird eggs, soil, sediment.
¢ Analytes: POP pesticides and PCBs
* Published data on DDTs in breast milk are avail&ne&002
Sudan University of Gezira * Research on POPs pesticides started early 1970's.

« Data on POP pesticides from research activitiesnutitoring Program.
» Lack of facilities for PCBs, furans and dioxins.

Others national institutions identified include:

a)
b)

c)
d)
e)
f)
9)
h)
i)
)
K)
1)

m)

n)
0)
p)

National Institute for Sanitation Laboratory-Togo;

Lab of the Togolese Agronomic research institutd éad UNIDO support for
accreditation);

Cairo Central Centre (CCC) Egyptian Environmenttihids Agency (EEAA);
Central laboratory for residues of pesticides iodfoMinistry of Agriculture, Egypt;
CERES-Locustox laboratory in Dakar, Senegal,

TPRI —=Tanzania;

CPE Chemistry Dar-Es Salaam Tanzania;

Government Analytical Laboratory, Uganda;

Faculty of Agriculture and Sciences, Sudan;

National Chemical laboratory, Ministry of Healthyd&n;

Mauritius Sugar Industry Research Institute (MSIRI)

National Environmental Laboratory (NEL), Mauritius;

The Water Research Institute of the Council fore8tific and Industrial Research (CSIR-WRI),
Ghana;

The Ghana Standards Board (GSB);

The central Veterinary Laboratory: Environmentakitology Laboratory, Mali;
University of Sierra Leone, Fourah Bay College.

43



Table 3.3: Regional Capacity:

Df

ANCAP Is a regional network
Mainly for capacity building of scientists to cormluesearch in institutions ¢
higher learning.
Analytes: pesticides including POPs pesticidesR@Bs
Matrix: mainly water, sediments, fish and soil.
With capacity enhancement, member countries maytribate to POPg
monitoring of GMP matrices

EADN, Planned project for ambient air sampling, doesptem to anylyse POPs;
Matrix to be monitored-Air
Analytes: P, N, SQ NOX
With capacity enhancement could help in POPs mongon air.

NEPAD Established for the socio-economic and environnieabeancement of Africa.

Has elaborated 28 project proposals on issuesedetatenvironmentally soun
management of pesticides and other toxic chemicals.
Some of the projects that have links to POPs any faailitate the GMP,
Project include:

» Supporting the implementation of the Stockholm Gantion through the

NIP Project;
Agrochemical pesticides and the African StockpRegjects;

in SADC sub-region;

Survey of chlorinated dioxins, dibenzofurans andBB@ the major water
of South Africa;

Monitoring of environmental contaminants in envimental samples an
marketable products and monitoring of atmospherigrenmental issues.

YV ¥V VYV

Preparation of national inventories of PCBs and RGOBtaining equipment

S

d

Others regional institutions/programmes include:
a) Monetary Union of West Africa (UMEOA) including, fBancophone member states, is supported
financially by the EU and technically by UNIDO toopote Quality Managemen

food commodities and cash crops;
b) Passive air sampling capacity will be availabl¢hia framework of the IAA project, however POPs
are not considered,
c) SADC-passive sampling network, most SADC countrés involved, since 1999; possible
partnership with RECETOX;
d) NEPAD Action plan on Chemicals. The Regional Coaation Office for Africa could facilitate
this information exchange.
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3.4. PARTNERSHIPS AND AVAILABLE CAPACITY OF INTERNA TIONAL PROGRAMS TO
FILL DATA GAPS

Africa cooperated with various partners to impletriie GMP activities, and to bridge the existingada
gaps that are elaborated below.

3.4.1. Data gaps

a. Lack of milk data in most of the sub-regions

b. Lack of systematic monitoring of POPs in thecomredia (ambient air and human milk or blood)

c. Unavailability of data on PCDD/PCDF and limidata on PCBs

d. Limited human capacity to analyse POP pesticahesPCBs in soil, sediment, water, vegetation,
milk and air.

e. Limited operational laboratories with basic @guent for analysis of POP pesticides and PCBs.

f. The need to establish Programs to produce additidata on the GMP matrices to fill the existing

gaps.

3.4.2. Strategy to fill the gaps

The data gaps may be filled through:
1) National capacity enhancement;
2) Multi country projects:
3) Possible partnership arrangements:
e Sub-regional partnership
¢ Inter-regional partnership
4) International partnership

a) Proposal for a GEF supported project: GEF plansnidertake further training for laboratories to
fully integrate them into inter-calibration studiesxpand the spectrum of POPs analysed and
expand the number of matrices analyzed.

b) Proposal for RECETOX Project: In support of capaditilding, countries with capacity to
analyze both OCPs and PCBs (including approprittedsrds) immediately will receive an
additional sampler for co-sampling for in-countnadysis.

c) Czech Republic proposal: Possible further capastitgngthening in the form of Summer Schools
for PhD students (based on bilateral agreements tiwé Czech Republic) on passive air sampling,
site selection, sample treatment and analysisrcalibration, data handling, data interpretation,
QA/QC.

d) WHO Proposals: There are proposals to conduct Wkicgency testing for national laboratories.
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3.4.3. Existing and potential partners

The following are identified existing and poteniiastitutions or organizations for partnership and
collaboration to enhance regional capacities ferghrpose of filling POPs data gaps:

1) Existing partners

The collaborating partners that are already workinghe ground include:

a)

b)

d)

UNEP Chemicals: The Secretariat serves as a clearing-house meahaftis information on
Persistent Organic Pollutants, including informatigrovided by Parties, intergovernmental
organizations and non-governmental organizatiofSGR are offered the opportunity to seek and
receive information from UNEP Chemicals, as needed.

CIEN: The CIEN of UNEP chemicals has a mission to fat#itinformation access and exchange
between countries, regions and subregions. It gesva connection to major specialized websites, to
UNEP and UNEP Chemicals, and to the MEAs Secrétarid offers e learning opportunities,
interactive training material, as well as resporisegueries. It organizes e forums on issues itlate
the Stockholm Convention, the NIPs and relatedeissthereby rendering awareness and educational
services to interested partners. CIEN providesedull platform to locate both technical and scienti
information that is vital to GMP.

GEF : Two medium size GEF projects were establishederréigion to support the Implementation of
the Global Monitoring Plan on POPs. The West Afrraject covered DR Congo, Ghana, Mali,
Nigeria, Senegal and Togo, whereas the Easteribanthern Africa Project includeggypt, Ethiopia,
Kenya, Mauritius, Uganda and Zambi@he projects focus on Gap Analysis and developnoént
detailed guidelines, protocols and manuals, trgimhparticipating national and regional laborateri
and provision of technical, backstopping by weltabished international laboratories, as well as
strengthening analytical performance in participgitountries by provision of consumables and spare
parts for sampling and analysis of POPs in key ioedr It has as objectives the assessment of
Convention-driven country needs for laboratory gsialand conditions necessary to conduct them in
a sustainable manner. In terms of piloting, GEF d@svities in nine laboratories in seven countries
from four UN regions, including Africa, with Kenyparticipating in the PCB/Organochlorine
Pesticide (OCP) studies.

RECETOX : Under RECETOX, a project on passive air samplirgpsued by the Secretariat of the
Stockholm Conventions and co-financed by the CRepublic was established. The project covered
a six months long POPs Monitoring in fifteen coigdrin the region using passive air samplers.
RECETOX offered to continue sampling and analysis2t3 years in countries willing to do parallel
analysis and maintain air monitoring in the futdtelso proposed fifteen sampling sites in paghgr
with Africa.

GAPS: The Global Atmospheric Passive Sampling (GAPS) ikey program for producing
comparable global-scale data for POPs and consistsore than 60 sites on seven continents. Its
objectives are to i) demonstrate the feasibilitypagsive air samplers (PAS) for POPs; ii) determine
spatial and temporal trends for POPs in air; ancdantribute useful data for assessing regional an
global long-range atmospheric transport of POPsP&Aampling stations in Africa were located in
Ghana, South Africa, Malawi and Egypt.
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f) WHO : Under the WHO Program, breast milk samples wereaeld from the participating
countries and sent to France for analysis. Theve bhaen four rounds of WHO milk surveys.

2) Potential Partners

The following were proposed as potential partn@rsiiportunities that can be expolored in the futare
monitoring:
* Lab-network could be constituted in Francophafreca supported by EU and UNIDO;
* Norwegian help to Kenya QA/QC and interlaboratests for the milk analysis;
e International Atomic Energy Agency: launchingethproject on passive air sampling in
Ethiopia (samples to be analyzed in IAEA).

3.5. IDENTIFICATION OF CAPACITY STRENGTHENING NEEDS

Africa is faced with capacity strengthening needsciv have to be overcome for the region to pardiep

fully in the GMP Projects. The following were idéi®d as the immediate needs during the inception

workshop in Nairobi:

a) Need for the acquisition of milk data

b) To monitor systematically POPs in the core méalimbient air and human milk or blood)

¢) Need for sufficient data on PCDD/PCDF and PCBs

d) Strengthening of human capacity to analyse P@§tigides and PCBs in soil, sediment, water,
vegetation, milk and air is required.

e) Need for operational laboratories with basiciggent for analysis of POP pesticides and PCBs.

f) The need to establish Programs to produce adaitidata on the GMP matrices to fill  the aript

gaps.
3.6. ARRANGEMENT FOR DRAFTING OF REGIONAL REPORT

The African ROG members contracted the followingszdtants to draft the Regional POPs Monitoring

report:

1) Ms. Fatoumata Jallow Ndoye: a Consultant on Mu#iia Environmental Agreements at the African
Union in Addis Ababa, Ethiopia.

2) Dr. Komla Sanda: Professor of Chemistry at the Ersity of Lomé, Togo.

The two consultants were tasked to compile all dkailable POPs data and the supplementary data
generated from the Africa region, conduct necesstatystical analysis and present the report tdR0O&s

in appropriate format recommended for the Globahitooing report (See TORs in Annex C Table C 5).
The information on readily available data was traitied electronically from the ROGs to the consutita

The consultants were also allowed to conduct rebetar obtain additional appropriate information @aod
attend some ROG meetings.
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4. METHODS FOR SAMPLING, ANALYSIS AND DATA HANDLING

To ensure its effective participation in the fieffectiveness evaluation in 2009, the African regio
established a strategic partnership with RECETOX@APS on one hand, and WHO on the other, to help
the region collect comparable POPs data for amba&ntand human milk through their respective
monitoring programs. This chapter summarizes thekdraund information on these international
programs along with their relevant technical praced to sample media, to analyze POPs, to proceks a
to handle data.

4.1 PROGRAMS/ACTIVITIES RELATED TO AIR MONITORING

Global Passive Sampling Programme (GAPs) and MONEita are the two programmes monitoring
POPs in Ambient air in Africa. GAPs was was launthe in January 2005 in four countries (Egypt,
Ghana, Malawi, and South Africa), with a total nefsites (Figure 4.1). MONET Africa was launchad i
January 2008, as a six month pilot project supplobe the Stockholm Convention Secretariat and the
Czech Republic, and covered 15 countries witha& tit26 sampling sites (Figure 4.4). Both prograrss
passive sampling, which is a well known cost-effecambient air sampling technique.

4.1.1. Global Atmospheric Passive Sampling (GAP®XWbrk
4.1.1.1Key message

The first year results (January—December 2005) fitoenGlobal Atmospheric Passive Sampling (GAPS)
Network provide baselines of air concentrationsgdersistent organic pollutants (POPSs) at four sargpl
sites in the Africa region (Figure 4.1). In manges, these data represent the first measuremeRS RS

in this region and will be useful for assessingpenal and spatial trends and regional and glolalsiport

of POPs in air.

4.1.1.2. Background

The GAPS Network is a key program for producing pamable global-scale data for POPs.This program
was initiated in December 2004 as a two-year @tady before evolving into a network, and consigts
more than 60 sites on seven continents. Its obgstare to i) demonstrate the feasibility of passir
samplers (PAS) for POPs; ii) determine spatial smdporal trends for POPs in air; and iii) contréout
useful data for assessing regional and global lamge atmospheric transport of POPs. PAS are
advantageous because of their low cost, simpletarti®on and electricity-free operation. Deployment
PAS worldwide over several years will allow for teonal trends to be established and thus, the
effectiveness of POPs control measures to be eealuihe GAPS Network has been active at five @ites
the Africa region since 2005 (Figure 4.1 and Tablg.
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2005 2006
2008* 2007

*Current sampling year

Figure 4.1: Sampling sites and sampling years iAfrica

Table 4.1: Information on sampling locations in Afica

Site ID  Location Country 1Site Type Latitude Longitude (Erl]evation
AF01 Accra Ghana RU 8°00'N 2°00' W NA
AF02 Lilongwe Malawi AG 14°11'S 33°47'E 1148
AF03 Kalahari  South Africa BA 25°52'S 22°54'E NA
AF04 De Aar South Africa BA 30°40'S 24°00' E 1287
AFO05 Cairo Egypt RU 30°08' 25.18" 181° 37' 08.94"E 193

"m a.s.l. = Meter above sea level

2BA = background; RU = rural; AG = agricultural ab&® = urban
4.1.1.3. Sampling

a) Types of PAS used:

Two types of PAS are used (Figure 4.2).The PUF-dakpler (left) is deployed for three-month periods
to capture seasonal differences and the XAD (rigathpler is exposed for a full year.
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Two sampler types:

O The polyurethane foam (PUF) disk sampler (left) is deployed for
3-month periods to capture seasonal differences.

O The XAD-type sampler is deployed for 1 full year.

Figure 4.2. Schematic diagrams of passive air squhers

The PUF-disk sampler is described in Shoeib anchétag2002) and Pozo et al. (2006) and the XAD
sampler is described in Wania et al. (2003). Bgihes of PAS are installed outdoors far away from
potential sources of contamination to the site.(eeghaust vents, electronics, sources of combustio
human activity). They are mounted approximately tweters above the ground in an open area with
unobstructed airflow.

b) Sampling conditions
% PUF-disk PAS

PUF-disk PAS were deployed at four African site2005.Table 4.2 shows the exposure times (days),
average temperatures (°C) and effective samplites rani/day) for each of the four sampling periods at
each site. Generally, the PUF-disk sampling waslsvs: January—March (Period 1); April-June (Bdri

2); July—September (Period 3); and October—Decelfiteiod 4).

% XAD-based PAS

XAD-based PAS were deployed at three African Site®005 and four sites in 2006. By sampling air for
one year, XAD resin-based PAS provides annuallyaged concentrations of organic pollutants. The
sampling lengths and the sequestered amounts aiftedlOCPs in ng/PAS were assessed. Analyses were
performed for the pesticides that are classifiedennhe Stockholm Convention: CC, TC, TN, DDT, DDE,
dieldrin, HEPT,and HEPX, and also for the pestisitteat are not classified under Stockholm Conventio
including a- and )~ HCH, Endo | and I, EndoSQchlorothalonil (CT), dacthal (DT), and triflural(TF).

4.1.1.4. Sample analytical procedures
a) Procedure for PUF- Disk PAS

Details for the extraction and analysis of the Riisk samples and field blanks are given in Pozal et
(2006).The following QA/QC procedures were emplof@dhe PUF-disk sampler:
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a) Field blanks — A PUF disk field blank was collectedce a year from each site to assess possible
contamination caused by shipping, handling ancagtar

b) Method blanks — A solvent blank was extracted vetlery set of eight samples to assess possible
contamination during laboratory analysis (i.e.jMireample preparation to instrumental analysis)oAls
during preparation of PUF disks for deployment, @aenple from each batch was extracted and
checked for purity.

c) Instrument blanks — A solvent blank was analyzeith wvery set of twelve field samples to assess for
any instrument contamination.

d) Surrogate spikes — Prior to extraction, PUF-disk@as were spiked with a method recovery standard
consisting of*C-PCB-105, g-a-HCH, and dg-p, p-DDT to confirm analytical integrity.

e) Matrix spikes — Analytical (method) recoveries weketermined by spiking clean PUF disks with
known quantities of the target chemicals and tngathem as samples to assess matrix effects on
extraction efficiencies.

f) Field co-located samples — Duplicate samples welleated at several sites in the GAPS Network to
assess overall precision of both sampling and &boy methods.

Mirex was added as an internal standard to cofoectolume differences in sample extracts. All séasp
and field blanks were quantified for target commtsrincluding organochlorine pesticides (OCPs),
polychlorinated biphenyls (PCBs), and polybromida@iphenyl ethers (PBDEs). OCPs, PCBs, and
PBDEs were analyzed on a Hewlett-Packard 6890 lgasmatograph-5973 mass spectrometer (GC-MS)
using electron impact (El) for PCBs and negativenaical ionization (NCI) for OCPs and PBDEs in the
selected ion monitoring mode.

b) Procedure for XAD PAS

Cleaning of XAD-2 resin, and packing of XAD PAS gaes were carried out as described by Wania et al.
(2003). Cleaning, preparation and extraction of P#3e done in a clean lab. The XAD-2 resin was
Soxhlet extracted with dichloromethane for 20 holRdor to extraction, the resin was spiked with
standards consistingsfl-HCH, **C;,-HEPX, *C,-TN, **C,,-dieldrin, d-p,p-DDT and *°C,PCB-32,
13C,-PCB-77, *C,-PCB-118 and™C,,-PCB-126 to test for the loss of the compounds rdurihe
extraction and clean-up procedures. The extract® welume reduced using a rotary evaporator and
concentrated to around 1 ml using a gentle strefanitrogen. The extracts from first year sampleseve
cleaned using alumina columns, but not those filmersecond year. After reducing samples to 3 miguain
rotary evaporator, the extracts from second yeapsss were passed through sodium sulfate (baké80at

°C overnight) columns to remove any water presesaimple. The extracts from the first year air damp
were cleaned on a column with 1 g of 6% deactivatachina (baked at 450 °C overnight) and 0.5 cm of
sodium sulfate. The samples were eluted with 200mMDCM: PE (5:95; v/v). The extracts were
concentrated to 1 ml using a stream of nitrogenthed were solvent-exchanged to isooctane. Thé fina
volume of the extracts was 1 ml, and 100 ng of miwas added to the sample as an internal standard f
correcting volume differences in the sample.

The sample and blank (field and laboratory) exgaeere analyzed for Stockholm Convention POPs as
well as pesticides not classified under Stockholmn¥@ntion POPs using an Agilent 6890 gas
chromatograph (GC) coupled to a 5973 mass seledétector (MSD) with a negative chemical ionization
source for organchlorine pesticides (OCPs) in setkion mode. The analyzed non-Stockholm Convention
pesticides in air samples aveHCH, y-HCH, a-endosulfanf-endosulfan, endosulfan sulfate, dacthal,
chlorothalonil, pendimethalin and trifluralin.
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Quality assurance and control measures were usewbndor all analytical procedures. Field blankseve
collected to determine the levels of contaminantsoduced by handling, shipping and storage and one
laboratory blank was analyzed for every set of daragtractions to determine the levels of contamisia
introduced during extraction and clean-up. The fdatopy blanks and field blanks were processed @ th
same way as the samples. Air samples were notdspikién surrogates for the pesticides that are not
classified under the Stockholm Convention POPs,hsas chlorothalonil, dacthal, metribuzin,
pendimethalin, and trifluralin. To test for the dosf these compounds during the extraction andchalpa
procedure, six samples of 20 g of XAD-2 were spikgtth the pesticides, then extracted and cleandddn
same way as the samples.

4.1.1.5. Data comparability

All PUF-disk samples were prepared and analyzethénsame laboratory [Hazardous Air Pollutants
(HAPs), Environment Canada in Toronto] to ensurat tthe data could be compared spatially and
temporally. The HAPs laboratory participates inernational intercalibration studies for POPs and
performs well in these exercises.

4.1.1.6. Sample and data storage
Sample extracts were capped tightly in GC vials stoded in a freezer at a temperature of aboutG20°

Air concentration results and relevant sample imftion (e.g. sample ID, site ID, location name, giam
duration, meteorological conditions etc.) were rded in Excel spreadsheets.

Table 4.2: Exposure times, average temperatures aneffective sampling rates during deployment
periods for PUF-disk sampling in 2005

Site ID 200% Exposure Time (Days) Average Temp (°C) ? (R®.day")
AFO1 10¢ 28 3.¢
AF02 NA NA NA
AF03 95 25 5
AF0O4 8¢ 22 6
AF05 NS NS NS
AFO1 92 26 .3
AF02 92 2C 3.7
AF03 88 21 2.8
AF04 11t 16 2.6
AF05 NS NS NS
AFO1 92 25 2.7
AF02 NA NA NA
AF03 NA NA NA
AF04 10¢ 14 5
AF05 NS NS NS

! Site ID: AFO1 = Accra; AF02 = Lilongwe; AF03 = Kaddari; AF04 = De Aar; AF05 = Cairo
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%R = effective sampling rate

* Mean sampling rate calculated based on 4 samplénipds.
NA = Sample not available

NS = No deployment in 2005

4.1.2. MONET-AFRICA-RECETOX Program
4.1.2.1. Key message

There is a general lack of information on the Isva persistent organic pollutants (POPS) in thecah
region like in many other parts of the world. Sirthe high volume air samplers are expensive devices
requiring reliable power supply and trained opesatre not widely available, the air monitoringR®Ps

has only been conducted at limited number of shesair pollution became an issue of great pubdialtn
concern, and with new regulations introduced, a$ng need to obtain more POPs data in a costtetec
manner. Thus, the Global Monitoring Network wasabbshed to support the purpose of the Stockholm
Convention, with the objective of establishing biasetrends at global background sites. Passive air
samplers (PAS) offer a cheap and versatile alteenab the conventional high volume air samplingl an
they have been currently recommended as one ah#tbods suitable for the purpose of new long-term
monitoring projects.

4.1.2.2. Background

MONET-Africa project was based on the Memoranduniwben UNEP (represented by the
Secretariat of the Stockholm Convention) and Mdsahyiversity, Brno, Czech Republic (represented
by the Reseach Centre for Environmental Chemistngl &cotoxicology RECETOX). This
Memorandum was signed for the purpose of implentiemtaf the Agreement between the Swedish
Chemical Agency (KEMI) and the Secretariat of thec&holm Convention on support of the global
monitoring of POPs for evaluation of effectivenessthe Stockholm Convention. The project
activities were further supported by: the MinistfyEducation of the Czech Republic, Project MSM
0021622412, and the Ministry of Environment of @eech Republic, Project SP/1b1/30/07.

A summary table of MONET Africa poject organizatiand implementation plan is shown in Annex
D, Table D 1. A list of the project participantsiin Africa and their contacts is also provided iméx
Table D 2.

Project goals and related activities:

1) Application of the polyurethane foam based pasaivesampler (PAS) as a tool for determination of
the effectiveness of measures of the internatiét@Ps conventions (POPs under the Stockholm
Convention and POPs Protocol of CRLTAP). Establishimof the long-term monitoring of
background sites as well as evaluation of an impathe local primary point sources, secondary and
diffusive sources, and a long-range transport isesgary. Design of the project is based on the
experience from the pilot studies performed by REOK in the Czech Republic and Western Balkan
since 2003 Klanova et al., 2006; Klanova et al., 2007; Cupr et al., 2000).

2) Filling the information gap concerning POP leveisambient air in the African continent where the
regular monitoring programs are missing. Represientaset of the sampling sites ranging from
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3)

4)

5)

6)

industrial to background sites was selected in twantries (Mali and Kenya). In addition, one
background site was also sampled in each of ther gidrticipating countries.

Evaluation of temporal and spatial trends in thé?Rf@ncentrations in ambient air in the countries of
the African continent. Variability of the POP lesdletween the sampling sites as well as the sdasona
variability on each site were assessed.

Establishment of the long-term PAS monitoring pergrin this region. A monitoring network in the
Czech Republic serves as a model for developmeathel networks. After completing both stages of
the African screening study in August, 2008, theasehe sampling sites suitable for the long term
monitoring will be selected and steps will be takencooperation with the local institutions) towar
the establishment of the regional monitoring progra

Transfer of know-how, dissemination of informatiabout new techniques for sampling, chemical
analysis, toxicological screening, and risk assesénEducational and training activities, workshops
and conferences initiated in the last five yeardemnumbrella of the Research Centre for
Environmental Chemistry and Ecotoxicology RECET@®X) DG Research Centre of Excellence, will
be promoted by Central and Eastern European PORseC® strengthen the scientific cooperation
within and outside this region.

Presentation of activities of the Regional POPst@emational POPs Centre of the Czech Republic
and Research Centre for Environmental Chemistry &mwbtoxicology RECETOX, Masaryk
University, Brno, Czech Republic.

4.1.2.3. Sampling

Passive air sampling device consists of two stasnbteel bowls attached to the common axes to éorm
protective chamber for the polyurethane foam filfdre filter is attached to the same rod andshisltered
against the wet and dry atmospheric depositiondvend UV light. Exposure times between four and
twelve weeks enable determination of many compotirmis the POP group. Average sampling rate was
estimated to be 3.5%day which roughly corresponds to 108 ofi the air sampled during four weeks of
deployment.

mounting bracket E stainless steel dome

t RS
air C|rculat|on )Q‘Q PUF disk

Figure 4.3: Schematic diagram of the passive air sampler
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Previous RECETOX studiegi{lanova et al., 2006; Klanova et al., 2007; Cupr et al., 2006)) confirmed that
PAS are sensitive enough to mirror even small-sdgdferences, which makes them capable of monigprin
spatial, seasonal and temporal variations. Passinglers can be used for point sources evaluatidhe
scale of several square kilometers or less - fiwenlacal plants to diffusive emissions from tramsgptioon
vihcles or household incinerators - as well assf@luation of diffusive emissions from secondamyrses.
While insensitive to temporally short accidentaleases, passive air samplers are suitable for
measurements of long-term average concentratioveriaus spatial and time scales.

Passive air samplers consisting of the polyurettfaaen disks (15 cm diameter, 1.5 cm thick, density
0.030 g crit, type N 3038; Gumotex Breclav, Czech Republic)deouin the protective chambers are
employed. Sampling chambers were pre-washed arndrdaiinsed with acetone prior to installation. All
filters were pre-washed, cleaned (8 hours extradticacetone and 8 hours in dichloromethane), wedpp
in two layers of aluminum foil, placed into zip-lopolyethylene bags and kept in the freezer prior t
deployment. Exposed filters were wrapped in twecetayof aluminum foil, labeled, placed into zip-lock
polyethylene bags and transported in coolers & ®°the laboratory where they were kept in theZes

at —18 °C until the analysis. Field blanks wereaot#d by installing and removing the PUF diskslat a
sampling sites. Figure 4.4 show the spatial distitim of the sampling sites covered under MONETigafr
programme. Additional information on the sampliftg@sis given in Annex D, Table D5.

_f;;" Sl 7«7 COUNRY SAMPLINGS CODE
‘~ 4‘ S T - Congo ex-site ORSTOM de Brazzavi CON
._z:'—;:"'(__ S N *-“, \ .
k e w legypt Cairo EGY
S Bk = Ethiopia Asela ETH
4 =1 / Ghana Kwabenya GHA
- ﬁ,‘/ i Kenya Mt. Kenya KEN
/_jf y ; \\ i‘ Mali Tombouctou MAL
'+ j;-f"—i\ | . Mauritius Reduit MAU
14 : e Nigen'a Sheda NIG
| I~ \ S
S | = A ~_South Africa  Molopo Nature reserv SAF
“(7 | " ) \f‘, __Senegal Dakar SEN
{'\ - '\‘ ’J | /«-”’(}F'Sudan Khartum SUD |
/ d & Togo Koumakonda TOG J
\\“,, -~ _ Tunisia Tunis TUN
=1 Zambia Lusaka 1A ZAM
J ¥\ _{.?\ .
¢ et 4
/ | 1‘ 3

i i T MAU
f

Legend

. Samplings

Figure 4.4 :MONET-AFRICA Sampling sites - pilot phase 2008
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4.1.2.4. Sample analytical procedures

All samples were extracted with dichloromethaneaiBlchi System B-811 automatic extractor. One
laboratory blank and one reference material weralyaad with each set of ten samples. Surrogate
recovery standardsi@naphthalened10-phenanthrenel12-perylene for PAHs analysis, PCB 30 and PCB
185 for PCBs analysis) were spiked on each filteorfgo extraction. Terfenyl and PCB 121 were uasd
internal standards for polyaromatic hydrocarbon HIPA and polychlorinated biphenyl
(PCB)/organochlorine pesticide (OCP) analyses,a@sgely. Volume was reduced after extraction urader
gentle nitrogen stream at ambient temperature, feationation achieved on a silica gel column; a
sulphuric acid modified silica gel column was usedPCB/OCP samples. Samples were analyzed using
GC-ECD (HP 5890) supplied with a Quadrex fuseaaitiolumn 5% Ph for PCBs: PCB 28, PCB 52, PCB
101, PCB 118, PCB 153, PCB 138, PCB 180, and O@#&xachlorocyclohexane (HCHp;HCH, y-
HCH, 6-HCH, 1,1-dichloro-2,2-bis (p-chlorophenyl)ethylen@,p”-DDE), 1,1-dichloro-2,2-bis (p-
chlorophenyl) ethanp(p”-DDD), 1,1,1-trichloro-2,2-bis (p-chlorophenyl) ethdp,p”-DDT), o,p -DDE,
o,p"-DDD, o,p" DDE, hexachlorobenzene (HCB), and pentachloroben@eaCB). 16 US EPA polycyclic
aromatic hydrocarbons were determined in all sasnpkng GC-MS instrument (HP 6890 - HP 5972)
supplied with a J&W Scientific fused silica coluB-5MS.

4.1.2.5 Quality Assurance and Quality Control

Recoveries were determined for all samples by sgikiith the surrogate standards prior to extraction
Amounts were similar to detected quantities of weal in the samples. Recoveries were higher tha¥ 76
and 71 % for all samples for PCBs and PAHSs, respygt Recovery factors were not applied to anyhef
data. Recovery of native analytes measured fordfegence material varied from 88 to 103 % for PCBs
from 75 to 98 % for OCPs, and from 72 to 102 %Ré&Hs. Laboratory blanks were under the detection
limits for selected compounds. Field blanks coesigif pre-extracted PUF disks and they were taken o
each sampling site. They were extracted and andlyzéhe same way as the samples, and the levels in
field blanks never exceeded 3% of quantities deteat samples for PCBs, 1% for OCPs, and 3% for
PAHSs, indicating minimal contamination during thartsport, storage and analysis.

4.1.2.6 Generation of back trajectories

Trajectories were generated using the HYSPLIT modelthe American National Oceanic and
Atmospheric Administration, NOAA (NOAA, 2003). Tleaelimensional four day back trajectories were
generated for individual sampling intervals. Thajdctories were generated every four hours of the
sampling interval. The main output of the HYSPLITodel are geographical coordinates indicating the
location of hourly trajectory segment endpoints.ths trajectories are calculated 96 hours backnie,t
each one in the map is usually defined by 96 seger@points.

The trajectories were generated at a starting heigp00 m above ground level. This level ensuhes the
trajectory starts in the mixing layer of the atmuse. Additional control on this condition was cootid,
and only sporadic trajectories were found to haedr tstarting height above the mixing layer heigating
night. During previous days, the starting heigtftalbtrajectories were well within the mixing layeand
no trajectory was excluded from the data set. Hawnesince pollutant sources are mainly in the ngxin
layer, the trajectory changes its height and cachéeights above it when going back in time. lohsu
cases, trajectory segments above this layer wetaded.
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4.1.2.7. Data comparability

All samples collected from the MONET Africa pilotugdy were analysed in the same laboratory at
RECETOX, in the Czech Repulic to ensure that tha dan be compared spartially and temporally. Data
comparability between the air monitoring programnmethe region was evauated using data from péralle
samplers located at an existing station in Kosttzech Republic.

4.1.2.8. Sample and data storage

Sample extracts were capped tightly in Gas Chrognaghy vials and stored in a freezer at a temperatu
of about -26C. Air concentration results and relevant sampferination (such as Sample ID, site ID,
location name, sample duration, metreological doomB etc.) are recorded in excel spreadsheets.

4.2 PROGRAMS/ACTIVITIES RELATED TO HUMAN MILK

POPs monitoring data on human milk were provided\tiyO from the samples submitted during tfé 3
and the ¥ rounds of WHO milk surveys. Thé%3ound data was for the pooled sample submitted by
Egypt, whereas the™data was for the sample from Sudan. Additionakniidta was expected from
UNEP- WHO milk survey conducted in 2008.

4.2.1. WHO survey of Human Milk for Persistent Orge Pollutants
4.2.1.1. Key message

POPs monitoring data on human milk were providedWiyO, from the 3 and 4' rounds of WHO
human milk survey activies.

4.2.1.2. Background

Since the mid-seventies, WHO in collaboration WitNEP has implemented the food component of the
Global Environment Monitoring System (GEMS/Food}ieh collects, collates and evaluates data on the
levels and trends of contaminants in food and hum#ia These contaminants include the organochérin
pesticide POPs, which were the initial focus oériion. Beginning in the mid-eighties, WHO coordath
several surveys of the levels of dioxin-like poliainated biphenyls (PCBs), polychlorinated dibempzo
dioxins (PCDDs) and polychlorinated dibenzofuraf®CIDFs). These surveys were carried out in
collaboration with other international organisaiand national institutions, and concentrated qaletrly

on the health risk of infants, due to exposureuphocontaminated human-milk, and aiming to prewasrwt
control exposure to these chemicals through food.

More recently, the WHO protocol for these survegss bheen revised to include the object¥groviding
accessible, reliable and comparable data on lesfeBOPs in human milk for purposes of the Stockholm
Convention.The latest protocol (used for the ongoin gurvey) is different from the early protocol
because it: a) emphasizes the protection, promainchsupport of breastfeeding; b) specifies a minim
of 50 donors for one pooled sample, and; c) indutie analysis of all 12 POPs currently coveredhley

Convention. The latest version of WHO Guidelines @ttober 2007) is currently available at:
http://www.who.int/foodsafety/chem/POPprotocol.pdf
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4.2.1.3. Sampling

In order to promote reliability and comparabilityarticipating countries are encouraged to adhere as
closely to WHO protocol as much as possible. Howeiteis also recognized that the situations in
countries vary considerably so that some flexipiig required. However, guidance is provided tdasass
countries in developing their national protocatgluding:

Number of donors A minimum of 50 individual donors should each yde 50 ml of human milk for
preparing the pooled sample. Note that one additiparticipant per million population over 50 nulti is
recommended for large countries and in some casese than one pooled sample may need to be
prepared. On the other hand, a lower number sampgse necessary for small countries.

Strategies for selecting donorsinterviewing of potential donors can take place-pr post-natal or in
well-baby clinics. The stratification of donors site represent the presumed national exposure erofil
each country. This would include consideration ieft,doccupational exposure, rural and urban resielen
and proximity to potential POPs releasing sources sis industries and waste sites.

Biosafety: In general, the handling of any milk sample shotbinply with biosafety rules to protect
workers who will handle samples. The National Camatbrs should decide whether HIV-positive donors
can participate in the survey.

Consequently, the sampling protocol will vary amarmuntries and therefore, comparison of results
between countries should be approached with cautowever, once the national protocol is estabtishe

it should be applied in subsequent rounds so thanges/trends can be followed. In these cases,
observation of temporal trends should be sciemafiffcvalid provided information on the distributiaf
levels in individual samples is available.

4.2.1.4. Sample analytical procedures
a) Procedure for PCDDs, PCDFs and PCBs

After freeze-drying of the whole sample, fat anditeminants of interest are extracted in a hot etita
device ("Twisselmann extractor”) with cyclohexaoéfene (50/50) for 8 hrs. After evaporation of the
solvent, an aliquot of fat is spiked witfC-labeled internal standards (17 PCDD/Fs, 5 noned®CBs [37,
77, 81, 126, 169], 6 mono-ortho PCBs [28, 60, 108, 156,189] and 7 di-ortho PCBs [52, 101, 158,13
180, 194 and 209]). Gel permeation chromatographypBio Beads S-X3 removes fat. A silica column
impregnated with sulfuric acid removes remainingdiable substances. A florisil column separates
PCDD/F from PCBs. The PCDD/F-fraction is purified a Carbopack C-column. After addition of
1,2,3,4*3C12-TCDD, determination is performed by HRGC/HRMSs6ns Autospec; resolution 10,000;
DB5-MS). The PCBs are separated on a CarbopackuBreointo three fractions of first di-ortho PCBs
(elution with hexane), then mono-ortho PCBs (elutioth hexane/toluene; 92.5/7.5) and finally nothor
PCBs (reversed elution with toluene). After additiof **C12-PCB 80, the different PCB groups are
determined by HRGC/HRMS (Fisons Autospec; resatuti®,000; DB5-MS) in three separate runs.
Marker PCBs are PCB 28, 52, 101, 138, 153 and 180.
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b) Procedure for POP pesticides

The milk samples were analysed for the POP pessdidcluding aldrin, dieldrin, sum of chlordanemsu
of DDT, sum of endrin, sum of heptachlor, hexaobib@nzene (HCB), mirex, and toxaphene (Polar
congenors). Fats and POPs of interest were extrécm freeze-dried human milk as described above f
PCDDs, PCDFs and PCBs. Up to 0.5 g of the fat ektas re-dissolved in cyclohexane/ethyl acetate an
the internal standards (2,4,5-Trichlorobiphenly aidex), dissolved in cyclohexane, were added. The
applied clean up-parts of the analytical methodoveéd the principles of the European standardised
methods for pesticide residue analysis for fattydfe Determination of pesticides and PCBs”, EN 1528
part 1-4, 1996-10 (confirmed 2001). To remove ¢, permeation chromatography was performed on a
chromatography column using Bio-Beads S-X3 withlalyexane/ethyl acetate as eluting solvent. After
concentration and transfer into iso-octane, chrography on a small column of partially deactivated
silica gel was used as final clean up steps witketee as eluent.

Determination was performed with GC/ECD using a ({Sons Mega 2) with two parallel columns of
different polarity (fused silica no. 1:30 m PS-(88.5% Dimethyl -2.5% dipheny! siloxane copolymer]
0.32 mm id., 0.32 um film thickness, fused sili@a 8:30 m OV-1701-OH, 0.32 mm id., 0.25 pm film
thickness, both columns customs column made). Resudre confirmed by GC-LRMS (GC: HP 6890 /
MS: HP 5973; 30 m HP5-MS, 0.25 mm id., 0.25 um filickness + 2.5 m pre-column; detection mode:
MSD —EI). The limit of quantification (LOQ) was Orfgg* fat.

4.2.2.5. Data comparability

To ensure reliability of exposure data and to impreomparability of analytical results from diffate
laboratories, WHO has coordinated a number of {laigoratory quality assessment studies. A study on
levels of PCBs, PCDDs and PCDFs in human milk veelacted between February 1996 and April 1997,
with the objective of identifying laboratories wieosesults could be accepted by WHO for exposure
assessment studies. Only the State Institute fent@tal and Veterinary Analysis of Food Freiburg m@iét
the pre-set criteria for analyses of PCDDs, PClksin-like PCBs, marker PCBs and fat in human milk
and was thus selected as the WHO Reference Labpfatahe third and fourth round of the WHO human
milk studies.

As noted above, the protocol for collection of seeapmay vary from country to country and therefore,
data comparability between countries is not advisgdout a review of the national protocols. Howeve
temporal trends should be possible based on thefuseonsistent protocol for collection and hamngllof
samples and on stringent criteria to assure aocalytjuality assurance and control over long periads
time.

It should also be noted that the calculation oflswf PCDDs, PCDFs and dioxin-like PCBs may be
slightly different for earlier surveys which usetdmational toxic equivalence factors (I-TEQs) in
comparison to the more recent surveys which use W#t{© equivalence factors (WHO-TEQSs). However,
the levels reported for the earlier surveys shoullg be considered indicative of exposures becatitiee
limited sampling plan and therefore, the differenbetween I-TEQs and WHO-TEQs are not considered
to be minor.

4.2.2.6. Data storage

Data are stored at the GEMS/Food database locaté¢éH® in Geneva, Switzerland and is password-
accessible through the WHO Summary Information @labal Health Trends (http://SIGHT) portal.
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4.3 PROGRAMS/ACTIVITIES RELATED TO OTHER MEDIA
4.3.1. Key message

A survey of literature reports showed that reseavork is being done within the African region oreth
contamination of water, soil, sediments, and foggesticides with a focus on organochlorine pedtisi
including POP pesticides. The interest in POPs se®enhave been enhanced in a certain extent due to
sensitization brought up by the Stockholm Conventidowever, the survey undertaken did not help
identify any national or regional established mamitg program that specifically target POPs le\ais
temporal trends either in core media or in othedimeat least to the knowledge of the information
collected by the ROG. In this report, the Regionidied to incorporate some monitoring data dealiity w
the contamination of water, soil, sediments, aratlf@ther media) by POP pesticides in order tchtons

that the African region does host some relevartrtieal infrastructure and effective expertise the¢d to

be strengthened to help Africa participate fullfuture Effectiveness Evaluations.

4.3.2. Background

In the African region, the issue of POPs is undedlyta recent one as revealed by many countrigs tha
have elaborated their National Profiles for chemsicananagement and/or developed their National
Implementation Plans (NIPs) under the Stockholmv@ation. Certain knowledge does exist in the region
on hazardous pesticides including POPs. Henceangsers from different institutions either indivally

or as teams have conducted some monitoring aesvith POP pesticides. However, very little was kmow
in Africa about PCBs dioxins and furans before idmies of the adverse effects of such compounds on
humans and the environment was raised by the Stbdok@onvention. Thus, there are few available data
dealing with PCBs contamination and no monitorirgfadseemed to be recorded in the region on
PCDDs/PCDFs. The ROG decided to include in thisoredy report only monitoring data on POP
pesticides retrieved from the relevant literatdbr@sed on scientific papers published in internatitigh
level journals covering the time period recommena@din the framework of this first evaluation. Sem
data could be found on human milk and blood, bas¢hon human milk were recorded using a procedure
that was not consistent with the WHO methodology.

4.3.3. Sampling

A variety of matrices have been analyzed with déifé sampling methodologies. In most cases sampling
methodologies described in the papers do not gleefér to international standard methodologies.

4.3.4. Sample analytical procedures

Most the publications reviewed do not mention QA/@Cuirements, but all the papers selected for
inclusion in this report used state-of the art pment, especially GC and GC/MS with the conventiona
electron capture detector. Matrix samples wereaet¢d using common organic solvents often as nastur
thereof, the solvent evaporated, the residue plppdeaned and handled as appropriate and finally
analyzed. The analytes were identified throughudes of authentic standards.
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4.3.5. Data comparability

The monitoring data on soil, sediments, water, faond presented in this report cannot be comparessac
sites as they were not obtained from harmonizetbpots/programs, and in addition have been recorded
for different time periods.

4.3.6. Data storage

The only way the data selected can be considerdzbiag stored to a certain extent, is that theyewer
published in scientific journals and as such ailalle and could be consulted based on the refescof
the individual journals. It is not evident that thieginal laboratories that produced the resulthdee data
bases for convenient analytical data storage. bhdéeshould be noted that there was no informatan
whether those laboratories were accredited or not.

5. RESULTS

Effectiveness evaluation is partly based on thengxation of monitoring data that are expected tovjate
information on levels, trends and long-range transpf POPs. However, due to data shortage asudt res
of the absence of any established regional mongoprogram on POPSs, the contribution of the African
region to this first evaluation is limited to infoation on levels of POPs.

This report presents a compilation of POPs momitprilata in the African region. Africa gathered
comparable data on core media (ambient air and humil&) through activities conducted in collabooati
with strategic partners (RECETOX and WHO). Alongthwihese comparable results, additional non
comparable monitoring data on levels of POPs irerotihhedia (water, sediments, soil, and foodstuff)
retrieved from published scientific papers are med as indicated in section four above. The coatgar
data on core media were collected within a relftigeort period of time and the region could naivide
information either on temporal trends of POPs lewelthe core media or on their long-range trartspor

5.1. POPs LEVELS IN AMBIENT AIR

The contamination of the ambient air by hazarddwesricals including POPs in Africa was first surveéye
in a limited extent by the GAPS in four countri€&h@na, Egypt, Malawi, and South Africa) from 2005 t
2008 (Figure 4.1). The MONET-AFRICA -RECETOX ambienir sampling program, which was the
second ambient air monitoring in the region, sthete a pilot project in January 2008 and had amadd
more inclusive geographical coverage as it wasayepl in 15 countries with a total of 25 sites (Fegu
4.4). The use of different methodologies (samplieghnique and/or exposure time) does not provide
monitoring data comparability between GAPs and MOMffrica programmes.

5.1.1 Data from GAPS Network
Sampling conducted by the GAPS was discontinuouaifinout the sampling year either in participating
countries or at individual sampling sites (Figurg)4The monitoring data cover only years 2005 20@6.

POP analytes included: Chlordane group, DDTs, dieltieptachlor group, and polychlorinated biphenyl
(PCBSs). The discontinuous sampling restricts tledulsess of the information on the concentration of
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these compounds in ambient air (Annex E Table &1g1ims of baseline concentrations and time tremds
both two sampling years.

5.1.1.1. Results from the PUF-disk PAS

Air concentrations (pg/M during each of the four sampling periods wereoréed for selected target
chemicals. Those listed under Annexes A, B and GhefStockholm Conventiorcis-chlordane (CC),
trans-chlordane (TC) andransnonachlor (TN);p,p’-dichlorodiphenyltrichloroethane (DDT) anulp’-
dichlorodiphenyldichloroethylene (DDE); dieldringtachlor (HEPT) and heptachlor epoxide (HEPX);
polychlorinated biphenyls (PCBs)] are reported iméx E Table E1.

5.1.1.2. Results from the XAD-based PAS

Results on the sampling lengths and the sequestenedints of selected OCPs in ng/PAS and in pg/m
were recorded. The concentrations of the pestididasare classified under the Stockholm Convention
[CC, TC, TN, DDT, DDE, dieldrin, HEPT, and HEPX] meeassessed (AnnexE Tables E2 and E3).

5.1.2. Data from MONET —AFRICA-RECETOX

The partnership established between Africa and REDE involve 15 countries in a pilot project on
ambient air monitoring which covered two sampliregipds (January —March and April-June) during the
first six months of the year 2008. The use of artmarized sampling methodology (passive air sampling)
gave comparable data on the levels POPs in thermregiong with these results on current POPs, usefu
information on the contamination of the ambient lairpersistent toxic substances (polycyclic aromati
hydrocarbons: PAHS) currently not listed as POR&euthe Convention was provided (Annex E Tables E4
to E61). While a comparison of the levels wasfédative relevancy, temporal trends analysis caudt

be undertaken due to the short duration of the Bagh(® months).

5.1.2.1. Ambient air levels of POP pesticidegtish Annexes A and B of the Convention
5.1.2.1.1. Ambient air levels of Aldrin (January -July, 2008)

The levels of Aldrin detected in African countre® shown in Figures 5.1a and Table 5.1 below. The
figure shows that the highest levels of aldrin waesasured in air samples from Egypt.
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Figure 5.1a:Aldrin levels in the ambient air (PAS, ng filter4h) Africa, January-July, 2008
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Table 5.1: Statistical evaluation of pesticide concentratidegermined in the passive air Samples

Country Aldrin Dieldrin Endrin
MAX
MIN MAX MIN MAX MIN ng filter
ng filter * ng filter * ng filter * ng filter * ng filter * 1

Congo <LOQ <LOQ 2.2 26.0 <LOQ <LO(
Egypt <LOQ 191.5 <LOQ 2.2 9.4 10.0
Ethiopia <LOQ 1.4 <LOQ 1.4 <LOQ <LO(Q
Ghana 01 <LOQ 1.1 2.2 3.3 <LOQ <LO
Kenya 01 <LOQ 0.5 <LOQ
Mali 01 <LOQ <LOQ <LOQ 0.3 <LOQ <LOQ
Mauritius <LOQ <LOQ 1.4 1.7 <LOQ <LOQ
Nigeria <LOQ <LOQ <LOQ 0.8 <LOQ <LOQ
South Africa 01 <LOQ 0.2 <LOQ 0.2 <LOQ <LO(
Senegal 0.7 2.0 41.0 52.0 <LOQ <LO
Sudan 3.7 4.8 0.6 3.0 1.8 2.4
Togo <LOQ 0.3 <LOQ 2.7 <LOQ <LOQ
Tunisia 7.4 9.0 1.3 1.3 <LOQ <LOQ
Zambia <LOQ 7.2 <LOQ
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Figures 5.b below shows the levels of aldrin meagim the region excluding Egypt. From the figure,
other countries with high levels of aldrin were T&ia, Sudan and Senegal.
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Figure 5.1b: Aldrin levels in the ambient air (PAS, ng filter-ih) Africa (Egypt excluded), January-July,
2008

Figure 5.1c shows the levels of isodrin, an isoofealdrin, detected in air from African countries.
The highest concentration of Isodrin were detetiegenegal and Sudan.
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5.1.2.1.2 Ambient air levels of DDTs (January —July, 2008)

The levels of DDT and its metabolites (level expegsas: sum of o,p’- and p,p’-DDT, DDE, DDD) in
ambient air recorded throughout the 6-month sargpberiod at the various sampling sites are shown in
Figures 5.2a below.
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The concentrations of DDT in African countries extthg Senegal are shown in Figure 5.2b. The
levels varied from one country to another.
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DDT concentrations in most samples ranged betwees and hundreds of pg°nfior the sum of DDTs

while there were also a few samples with conceintiatabove 1 ng th DDT levels in samples from the
background sites measured under the GAPS study inetens of pg i which correspond with the
background levels found in this study.

The maxima, minima and median levels of DDT forheat the sampling sites are shown in Table 5.2
below. The actual concentrations detected in eacimtcy are given in Annex Tables E4 to E29. The
highest air levels (median of 2584 ng filtemaximum 8970 ng filtéh) were found at Kitengela pesticide
dump site. Other sampling sites with hundreds ofogeams of DDT per filter were found in Ethiopia,
Mali, Sudan and Senegal. The lowest concentratida® ng filter') were found at Mount Kenya,
Tombouctou in Mali and backround sites in Southigsf(Table 5.2).

Table 5.2: Statistical evaluation of DDT concentrations defeed in the passive air samples

DDTs M_IN MAX MEAN MEDI_AN
ng filter* ngfilter™ ngfilter® ng filter®

Congo 8.9 27.7 16.9 14.3
DRCongo 19.5 85.6 44.7 36.5
Egypt 10.6 70.1 38.3 38.9
Ethiopia 61.5 152.4 108.1 110.6
Ghana 01 4.5 6.1 5.2 5.1
Ghana 02 7.9 20.6 12.1 10.5
Kenya 01 1.3 24 1.9 2.0
Kenya 02 3.5 12.6 7.7 7.1
Kenya 03 1969.8 8969.9 3979.4 2584.4
Kenya 04 19.8 98.6 54.2 48.7
Kenya 05 14.7 40.1 25.0 20.1
Mali 01 0.6 3.0 1.8 1.8
Mali 02 68.6 163.8 113.1 101.4
Mali 03 2.8 139.2 37.7 15.4
Mali 04 23.4 74.1 37.3 28.8
Mali 05 3.7 24.4 10.9 9.3
Mauritius 3.8 213 9.3 7.8
Nigeria 1.7 14.9 6.4 4.7
Senegal 92.7 796.9 410.9 359.2
South Africa 01 1.1 3.1 1.8 1.5
South Africa 02 1.0 55 2.9 2.1
South Africa 03 15 6.5 35 2.5
Sudan 45.2 111.9 75.3 68.8
Togo 2.8 6.5 4.6 4.5
Tunisia 15 5.7 3.4 3.4
Zambia 13.2 77.8 36.5 23.3

The DDE/DDT ratio in ambient air was very variabletween the countries. DDE was more abundant in
Congo, Ghana, Mali and Sudan, while DDT had higlegrcentrations in Ethiopia and Zambia. In Senegal
and Kenya, levels of DDE and DDT were similar. Theasured DDT concentrations in Kenya were high
during the dry season

Additional information, on the concentrations of DI soils collected from the air monitoring staisy is
given in Annex Tables E30 and E31
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5.1.2.1.3. Ambient air levels of Dieldrin (January -July, 2008)

The levels of Dieldrin in ambient air as measuredrdy the sampling campaign are shown in Figurgds 5.
The highest levels were detected in Senegal ang&drhe actual conetrations are shown in Table 5.1.
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Figure 5.3: Dieldrin levels in the ambient air (PAS, ng filtgiin Africa, January-July, 2008
5.1.2.1.4. Ambient air levels of Endrin (January -July, 2008)

Endrin levels in ambient air at the sampling s#tesshown in Figures 5.4a and 5.4b and Table 5.1.
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Figure 5.4b: Endrin levels in the ambient air (PAS, ng filkein Africa (Egypt excluded), January-July,
2008

5.1.2.1.5. Ambient air levels of Mirex (January -July, 2008)

Figure 5.5 below shows the levels of ambient aittlie various sampling sites. The minimum and
maximum concentration values are shown in Table 5.3
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Figure 5.5: Mirex levels in the ambient air (PAS, ng filtdrin Africa, January-July, 2008

Table 5.3 Statistical evaluation of Mirex and Chlordanes @oritations determined in the passive air
Samples

OCPs Mirex sum of chlordanes sum of endosulfans
MAX
MIN MAX MIN MAX MIN ng filter”
ng filter * ng filter * ng filter * ng filter * ng filter * !
Congo <LOQ 4.3 <LOQ <LOQ 40.0 97.4
Egypt <LOQ <LOQ <LOQ <LOQ 48.0 152.3
Ethiopia 0.7 3.1 <LOQ 6.2 143.6 275.0
Ghana 01 1.1 5.2 <LOQ <LOQ <LOQ 642.0
Kenya 01 <LOQ <LOQ 2.3
Mali 01 <LOQ 2.0 <LOQ 1.6 <LOQ 24.0
Mauritius 2.0 2.0 <LOQ <LOQ <LOQ 35.2
Nigeria <LOQ <LOQ <LOQ 1.7 <LOQ 44.0
South Africa 01 <LOQ <LOQ <LOQ <LOQ <LOQ 52.0
Senegal <LOQ 6.1 2.0 22.8 321.0 353|7
Sudan 4.1 7.2 0.8 1.8 <LOQ <LOQ
Togo 4.2 5.6 <LOQ <LOQ 133.0 152.3
Tunisia <LOQ 7.1 <LOQ <LOQ 5.5 157.4
Zambia <LOQ 8.9 46.0

5.12.1.6. Ambient air levels of chlordane (January-July, 2008)

The levels of Chlordane (sum of cis-chlordane,grelnlordane and nonachlor) in the ambient air are
indicated in Figure 5.6. The minimum and maximurluga are shown in Table 5.3.
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Figure 5.6: Chlordane levels (sum of cis-chlordane, trans-cldoe and nonachlor) in ambient air (PAS,
ng filter') in Africa, January-July, 2008

5.1.2.1.7. Ambient air levels of Heptachlor (January —July, 2008)
The levels of Heptachlor in ambient air at the damgypsites are illustrated by Figure 5.7. The highe

levels of Heptachor were detected in Egypty, Senaigé Sudan. The minimum and maximum levels are
indicated in Table 5.4 below.
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Table 5.4 Statistical evaluation of Heptachlor, isodrin anetioxyclor concentrations determined in the

passive air Samples

OCPs Heptachlor Isodrin Metoxychlor
MIN MAX MIN MAX MIN MAX
ng filter * ng filter * ng filter * ng filter * ng filter * ng filter *

Congo <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Egypt <LOQ 26.0 <LOQ <LOQ <LOQ <LOQ
Ethiopia <LOQ 0.6 <LOQ <LOQ <LOQ <LOQ
Ghana 01 <LOQ 15 <LOQ <LOQ <LOQ <LOQ
Kenya 01 <LO(Q <LOQ <LOQ
Mali 01 1.3 1.9 <LOQ <LOQ <LOQ <LOQ
Mauritius <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Nigeria <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
South Africa 01 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Senegal 34 11.6 1.0 3.5 <LOQ 42.2
Sudan 2.1 4.5 0.7 0.9 4.5 33.7
Togo <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Tunisia <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Zambia <LOQ <LOQ <LOQ

5.1.2.1.8. Ambient air levels of Hexachlorobenezene (January -July, 2008)

The levels of Hexachlorobenezene (HCB) in ambienteaorded throughout the sampling campaign at the
various sampling sites are shown in Figures 5.8anbédexachlorobenzene concentrations in air weve |
and uniform with the exception of Egypt where teeels were one order of magnitude higher than
anywhere else. The actual concentrations of HCR:pentry are shown in Annex E Tables E 4 to E 26.
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Table 5.5 below show the minimum, maximum, mean @eadiian concentration of Hexachlorobenzene
detected in ambient air.

Table 5.5: Statistical evaluation of HCB concentrations detagd in the passive air samples

MIN MAX MEAN MEDIAN

HCB ng filter* ngfilter™ ngfilter® ng filter™®
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5.1.2.1.9. Discussion on ststistics of ambientlairels of Annex A pesticides (January —July, 2008)

During the sampling campaign, eight out of ninec&mwlm Convention Annex A pesticides (Annex A
Table A2) were detected at levels gquantifiable (@ab5.1 to 5.5). These pesticides are: Aldrin,
Chlordanes, Dieldrin, Endrin, Heptachlor, and Mirédong with these current POP pesticides, the
sampling took into account some persistent toxistipeles, such as endosulfan and HCHs (one these
being Lindane currently recommended by the POP$eRe€ommittee (POPRC) to the COP for listing in
Annex A of the Convention)

Other pesticides were also analyzed in the two &thsosamples. Great variability between the lewéls
the individual pesticides in 14 countries was fauddne of the selected countries had all pestidisgsw
the quantification limit.

Aldrin was detected in Senegal, Sudan and Tunisia ifirdstecampaign and in Egypt, Ethiopia, Ghana,
South Africa and Togo in the second campaign. Tile site with high levels was Cairo, Egypt, whehe t
concentration reached 190 ng filtén the second sampling period. All the other sitese below 10 ng.

Dieldrin was detected in Congo, Ghana, Mauritius, Sene&yalan and Tunisia in the first campaign
period and were found in all countries in the secpariod. The highest levels were measured in S#neg
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(52 ng filter*, 85-170 pg M) and Congo (26 ng filtér 45-90 pg rif). Under the GAPS study, dieldrin
was detected in Ghana, Malawi and South Africa withcentrations between 16 and 141 pg m

Endrin, isodrin, heptachlor and metoxychlor were below the limit of quantification in most curties,
and were found more frequently in the second samgperiod. The only two countries where endrin was
detected were Egypt and Sudan, levels in Egygiersecond period reached 10 ng fittereptachlor had
the highest levels in Egypt (26 ng filtrand Senegal (12 ng filtdy. Isodrin and metoxychlor were only
found in Senegal and Sudan: isodrin levels werevbd&.5 ng filtef', while metoxychlor reached 42 and
34 ng filtef*in Senegal and Sudan, respectively.

In the first sampling periodnirex was detected in four countries only (Ethiopia, @haSudan, Togo),
while it was found at most sites in the secondqaerievels, however, were below 7 ng
filter™.

The sum ofchlordanes (cis-chlordane, trans-chlordane and nonachlorghved the highest levels in
Senegal (23 ng filtér 35-70 pg 11¥), Zambia (9 ng filtet, 15-30 pg ri¥) and Ethiopia (6 ng filtel, 10-20

pg m3). Concentrations of the individual chlordanesha background sites in the GAPS study were in
units of pg ¥, and the highest sum was measured in Malawi (Irh g

Endosulfans (sum of | and II) were found to hawe ltighest concentrations of all pesticides, with 64
filter! in Ghana (1000-2000 pg# 353 ng filtef' in Senegal (600-1200 pg ) and 275 ng filtet in
Ethiopia (450-900 pg ). In addition, they were over 100 ng filfen Egypt, Togo and Tunisia. This
corresponds very well with the GAPS study wheretay3712 and 1417 pg tof endosulfan | and II,
respectively, were detected in samples from Gh8&8imailar to the GAPS study, the levels were always
significantly higher in the second sampling period.

5.1.2.2. Ambient air levels of industrial POPs kst in Annex A of the Convention (PCBs)

The analytes included in the monitoring of the sidial POPs were the seven indicator PCB congeners
(PCB 28, PCB 52, PCB 101, PCB118, PCB 138, PCB BR&® 180). The highest median PCB level was
found in the passive air samples from Dakar, Sdr(@@d ng per filter with a maximum of 132 ng) hks
been demonstrated before that the design of theleardeployed for 28 days, collects the amount of
chemicals equivalent to 100-200° rof air. It means that PCB level measured in Senegaresented
ambient air concentrations of 500 pg to 1 ng. ACB 153 was the most abundant of all the congener
analysed in these samples. Higher median levelg akso found in Cairo, Egypt (42 ng filtgr and
industrial sites in Kenya (36 ng filt&rand Kinshasa, Democratic Republic Congo (30 iterfi with the
maxima of 102 ng). PCB 28 was prevalent in Kengageially in the samples collected from May to July
2008. All these sites were urban or industrial amebsured levels corresponded to those measured at
industrial sites in Europe. The lowest PCB leval®({nd 1 ng per filter) were measured at the backgt
sites in Ethiopia, Mali, Mauritius, Kenya and Soudtfrica, but also at the rural sites in Mali andghliia,
while the urban sites in Congo, Ghana, Mali, Suatafunisia had levels around 10 ng per filter.

The sum of the concentrations of the seven PCBamrg monitored throughout the 6-month monitoring

campaign are shown in Table 5.6, and illustrateigures 5.9 below. The levels of PCB detectedache
country over the six months are shown in Annex BldaE4- E31.
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Table 5.6: Statistical evaluation of PCB concentrations deteech in the passive air samples

PCBs MIN S MAX . ME_AN_1 MEI_DIAI\_I1
na filter na filter na filter na filter

16.2 10.z 8.€
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Mauritius
Nigerie
Seneq:

South Africa 0.
South Africa O;
South Africa O:
Sudai

Toac

Tunisie

Zambic

N
w
o

N

N
(MA WM AN AM~NNO~NNMIUAO RN~~~ m™

w
oo
m
SN

o
MAUDMERPDANOM~NIODN~AANAOON DM

N -
=

N
= N W

NN W
PN O ND

=
WP
WENMWWRRPOWRRPONORPOORANENOR

NOUOARONNWNUITIOWEARUINNONN
O ONMMMOR IR MO M NINIM00 N m M

a B
POOWROOARPRPONWAONRWRLODORUTWD

ML, MOOMMMAROOMIA~IANIOM~IONRN M

©

'—\
NONOWHRRERRPRPWOOORSUINPLOR R

=
w
N
N

(=Y
(=Y
(=Y

PCB levels, from ones to hundreds of ng per fikerrespond to air concentrations between teng) @il

1 ng n®. This is in a good agreement with the GAPS stutlgre PCB concentrations between 35 and 252
pg m° were found at background sites (there were howewere than 7 indicator congeners analyzed in
the GAPS study).
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Figure 5.9: Sum PCB levels (7 indicator congeners) in the anitig (PAS, ng filter) in Africa, January-
July, 2008
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5.1.2.3. Unintentional POPs listed in Annex C of the Conien(PCDDs and PCDFs)
5.1.2.3.1. Levels of dioxins and furans in Africa (January -July, 2008)

As PCDDs/Fs concentrations were expected to be rnowedr, passive air samples for this analysis were
collected for 3 months. PCDDs/Fs concentrationssonea are shown in Table 5.7 below.

Table 5.7 Statistical evaluation of PCDDs/Fs concentratideermined in the passive air samples

PCDDs/Fs sum of PCDDs sum of PCDFs I-TEQ

MIN MAX MIN MAX MIN MAX

pg filter®  pg filter* | pg filter! pg filter* pg I-TEQ filter®
Conqc 246.¢ 267.¢ 335.1 523.7 6.2 9.€
Egypt 5700.0 6550.00 30600.0 38300.0 505.5 616.7
Ethiopie 80.C 102.2 205.1 286.% 14 4.C
Ghana 01 373.2 1070.0 808.1 2149.9 11.9 33.8
Kenya 0O: 21.7 25.4 0.7
Mali 01 15.2 65.4 2.6 52.1 1.8 1.8
Mauritius 52.2 78.0 63.1 86.7 1.0 1.2
Nigeria 39.3 286.0 553.8 1200.0 2.0 9.3
South Africa 01 23.1 31.2 22.0 23.4 0.1 15
Senegal 2220.0 3430.0, 4260.0 7310.0] 59.2 79.4
Sudan 629.6 1130.0 923.4 1290.0 28.5 29.2
Togo 46.3 209.9 103.3 258.9 1.3 2.7
Tunisie 369.7 917.¢ 440.¢ 1200.( 6.7 19.C
Zambia 81.1 91.9 1.7

PCDD/F contamination of the air samples from Cafgypt was at least one order of magnitude higher
than in samples from any other site. It is probatynected to the industrial character of the Isite
especially to the frequency of combustion and opeming processes. I-TEQ concentrations in two 3-
months samples were 505 and 616 pg of I-TEQ pter fiproviding that the theoretical sample volunasw
300-600 cubic meters in 3 months, these values Idhooughly correspond to the atmospheric
concentrations around 1 pg of I-TEQ*mConcentrations of PCDFs in these samples wenesilhalf an
order of magnitude higher than concentrations dPB& PCDD/F contamination in the range between 10
and 100 pg of I-TEQ per filter were also found ttten industrial (Senegal) and urban (Ghana, Suddn a
Tunisia) sites in this study. On the contrary, kheest levels of PCDDs/Fs (around 1 pg of I-TEQ per
filter) were found at Mt. Kenya, in Mauritius, Zambor Tombouctou in Mali. As in the case of PAHS,
partitioning between the gas and particle phasagspan important role for PCDDs/Fs as well. It is
expected that PAS-derived PCDD/F concentrationsamewhat underestimated. This, however, deserves
further investigation.

Figures 5.10a and 5.10b illustrate the levels okidis and furans in the region. The levels measured
varied from one country to the other dependinghenvarious socio-economic and industrial activies
that characterize each country. Despite the fattttie data was collected over a short periodned ti
the results indicate the need for continous momigpiof POPs in the region in order to acquire
adequate data that can used to evaluate the telnaperapatial trends of POPs in the region.
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Figure 5.10a:PCDDs/Fs levels (I-TEQ) in the ambient air (PAS{ifigr™) in Africa, January-July, 2008
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Figure 5.10b: PCDDs/Fs levels (I-TEQ) in the ambient air (PASfitigr™) in Africa (Egypt excluded),
January-July, 2008
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5.1.2.4. Discussion of POPs levels in ambient aindividual countries

Data collected during the sampling campaign andepried in this report give information on the levef

the twelve POPs currently listed under the Conweentbut they also provide useful information on a
number of persistent toxic substances not yetdiae POPs (HCHs, PAHs, endosulfan, and PAHS), some
of which (Lindane, endosulfan) are currently beioonsidered by the POP Review Committee for
inclusion in the convention.

Kenya and Mali were the two countries selectednfiare detailed screening. Five sampling sites were
selected in each of these countries with the gbalbbaining more information on the contamination
gradients.

5.1.2.4.1.POPs levels in ambient air in Kenya

In Kenya,Mt. Kenya served as an African background (Annex E FigureTBg sampling site is 3600 m
above the sea level and the only possible sour€®d#fs was long-range transport. Most of the tilms, t
site provided samples with lowest (or one of thedst) POPs concentrations in the whole campaigis. Th
was true for PCDDs/Fs and PAHSs, as well as for P&IBSDDTSs. Levels of HCB were uniform in Africa
and Mt. Kenya showed results similar to other samgpsites. Ther-HCH/y-HCH ratio was variable with
v-HCH prevailing most of the time. Similarlp,p’-DDT was prevalent in some campaigns aru-DDT

in others. From the selection of pesticides othantDDT and HCH, only traces of dieldrin and endfasu
were detected at Mt. Kenya. This site would senad ws a continental background for Africa in the
follow-up studies.

Kabete is an urban background site approximately 25 komfiNairobi City. Possible sources of POPs
could be agricultural activities and car emissidd€Bs were slightly higher than at Mt. Kenya, asewve
DDTs and PAHs. On the contrary, HCHs and HCB werenél at lower levels. Levels efHCH were
lower than those of-HCH, andp,p’-DDE was generally higher thamp’-DDT. DDT and especially HCH
contamination of air was significantly higher in Mh. PAH levels were lower between January andlApri
than between April and July.

Kitengela site is an obsolete pesticide storage facility mhevaporation from the old burdens caused
significant air pollution. For pesticides, it wdsetmost contaminated site found in Africa. Levdl®GBs
were quite low, and PAHs were at the same leveltabe other urban or rural sites. Their levelsewver
highest in January and February. HCB was slightiwvaged but the level of PeCB was an order of
magnitude higher than any other site except fopEgYDTs (2584 ng filtét) and HCHs (2451 ng filté&)
were measured at concentrations 2-3 orders of ranhigher than most of the other sites (the marim
value was about four times higher than the medaney. Levels otr-HCH were similar or higher than
those ofy-HCH, andp-HCH reached only about 20% of their values. Mospgsing were the levels of
HCH, which were 2-4 times higher that thoseogfCH or y-HCH. It was also confirmed in the soil
samples where-, - andy-HCHs had similar concentrations abeHCH was about two times higher
(Annex Table E30)p,p’-DDT andp,p’-DDE were found at similar levels in air, wher@’-DDE prevailed
most of the times. In the soil sampbep’-DDT was an order of magnitude higher thmp’-DDE.

Industrial site is positioned in the heart of the industrial arBlae main expected sources of POPs were
industrial activities, open burning of used tiresl aehicle exhausts. PCBs were the third highastidan

this campaign, their levels being especially higlviarch and May. PCB 28 and 52 were generally most
abundant but all the other indicator congeners \atse found (especially high in May). PCB 153 a8 1
were most abundant in soil. In addition,DDT and Pédhtamination were high, an order of magnitude
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higher than backgrounds for DDTs and up to 30 tirhegher than backgrounds for PAHs. Soil
concentration of DDTSs at this site as well as iteKgela and Dandora sites were the highest inuheg.
PAH concentrations were also the highest froma@lssHCHs and HCB levels did not differ from other
sites.

Dandora sampling site is located close to the Nairobi mipaicdump site. The main expected source of
POPs was waste burning. Elevated levels of PCBg$j4H&hd DDTs were found. More volatile PCBs as
PCB 28 and 52 had levels several times highertiare chlorinated congeners. HCH concentrations were
several times higher in dry season, wherg&CH was more abundant thamHCH which was often
below detection limit. The levels of DDTs were alsoich higher in the warm months whpp’-DDT
dominated. The levels @,p’-DDT in soil were slightly higher than gfp’-DDE, and the concentration of
0,p-DDT surprisingly reached 60% of thp,p’-DDT concentration. The soil was quite heavily
contaminated and probably acted as a source dithmollution. For PAHs, the median air concentnati
was the fourth highest found in this survey while soil concentration was the second highest. Auxhdit
information is given in Annex E Figures E 10 to &E 2

5.1.2.4.2. POPs levels in ambient air in Mali

Tombouctou is a background site in Mali located in a suburbaga with minimal industrial activities
(Annex E Figure E 19). The median PCB concentrattes the lowest found in this survey, two orders of
magnitude lower than in industrial sites in Senegglypt or Kenya. PCB congeners were below detectio
limits in most of the samples with the exceptionMdy samples in which most of the congeners were
detected. PCB 28 and 52 were found more often.|lkewvere also lowest among all samples for HCHs and
DDTs: both were often below detection limits, witletactable levels only from May to June. The
background status was confirmed by the PAH conagalrs being the lowest after Mount Kenya and two
background sites in South Africa. Lowest PAH lewskre measured between March and May. This also
perfectly corresponds with low I-TEQ concentratiamidPCDDs/Fs. Traces of dieldrin, heptachlor, mirex
and chlordanes were detected, but endosulfan wewl ftm have the highest concentration of all mesasur
pesticides. It was an order of magnitude highen #gradosulfan concentration measured at Mt. Keny, b
still more than an order of magnitude lower that dnes measured at most contaminated sites.

Bamako centeris an urban sampling site with a waste dump areh dipe incineration nearby. It was the
most contaminated site in Mali. PCB levels were agnthe most contaminated, similar to industria¢sit

in Kenya, Sudan or Congo. Interestingly, higheodhhted congeners (especially PCB 153) were faind
higher concentrations than more volatile congenEns. levels were 50% higher in the samples coltecte
in the last three months. HCH levels were alsoagkl. Similar to other industrial sitesHCH was up to

ten times more abundant thatHCH. DDT concentrations were the fourth highesasueed in the survey
(after the obsolete pesticide storage site in Keagd the urban background sites in Senegal aridih
andp,p’-DDT was 2-4 times higher thgnp’-DDE. Levels of DDTs and HCHs were significantly lingg

in April and May. HCB and PeCB were detected inrgii@s similar to most of the other sites, while
PAHs were almost an order of magnitude higher thase measured at the Tombouctou background site.

Bamako international airport is a rural site possibly affected by the air iaéind fuel combustion. PCB
concentrations were at the urban level (half of\thrie of the town center but one order of magmitud
higher than background), similar to HCH concentragi y-HCH was up to ten times more abundant than
a-HCH. DDTs were still higher than those found inshoountries ang,p’-DDE was higher thap,p’-
DDT. Both DDTs and HCHs (and also PCBs) had muoghdrn (up to an order of magnitude)
concentrations in the last three campaigns (edpeéipril-May). HCHs and HCB followed the uniform
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distribution common in most countries, and PAHsevar the low level typical for sites not affectegd b
massive combustion. Higher levels of PAHs (twicéigh) were measured only in April.

Koutiala is a rural site in the agricultural (cotton grogjimegion possibly affected by pesticide usage or a
cotton oil factory. PCB levels were quite low, altiyh somewhat higher in the summer, and PCB 153 was
the most abundant congener. HCH and especially B@itentrations belonged to the higher levels found
in this surveyy-HCH was higher than-HCH which was above detection limit only in thetlanonths.
The concentrations of DDTs were about three timgldn in July than in the previous months, and leve
of p,p’-DDE were 2-4 times higher than thosepgh’-DDT. HCB and PeCB levels were low but the PAH
concentrations were the fourth highest (third maxim in the survey. Levels of PAHs were 2-3 times
higher in January and February.

Niono is an agricultural site possibly affected by pestcitsage. PCB concentrations were very low,
similar to other background sites. The highestlkewere measured in June. HCH and DDT levels were
not very high either, angkHCH was most abundant among HCIdgo'-DDE concentration was between
one half order and one order of magnitude highan tthat ofp,p’-DDT and was growing significantly
from the beginning to the end of campaign. HCB &edB, as well as PAH concentrations were low.
PAH concentrations in the first three months weegesal times lower than those in the last three
months.Additional information is given in Annex kEy&res E 23 to E35).

5.1.2.4.3. POPs levels in ambient air in Congo

Orstom de Brazzavilleis an urban site. Possible sources of POPs caukidzks of obsolete pesticides,
car emissions, sugar cane, cement and petrolewnstines, as well as open municipal waste burni@B P
levels were quite high (higher in January and Fatyrihan in subsequent months), similar to othgr bi
cities, and all indicator congeners were founchm $amples. HCHs were elevated,$- andy-HCH were
detected ang-HCH was most abundar,p’-DDE concentration was somewhat higher than that, of
DDT. Pesticides the levels were also higher in danand February. Dieldrin, mirex and endosulfamewe
detected in the air samples, all at higher coneéptrs in the second sampling period (April-JuBdth
dieldrin and endosulfan were found at similar oczager levels than HCHs and DDTs. PAH levels were
similar to other urban sites and fluctuated arothrel same level for six months. The maximum I-TEQ
level of PCDDs/Fs was among the highest determiméuk region.

5.1.2.4.4. POPs levels in ambient air in Democratic Republic of Congo

Several sampling sites (8 together) were selectethe University of Kinshasa in an urban area with
some industrial facilities. Unfortunatelly, nothiegn be said about the seasonal trends sincesAveite
sampled only in April while 4 other different sitagere sampled in June. PCB levels were among the
highest measured in this campaign; PCB 52 and & whe most abundant but all indicator congeners
were detected. HCH concentration was similar togoofprevalent-HCH) but DDTs were almost three
times higher §,p’-DDT and p,p’-DDE were comparable). Median PAH levels were alntost times
higher than in Congo with a 2-3 variability factbetween the sites. Dioxins were not measured in
Kinshasa.
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5.1.2.4.5. POPs levels in ambient air in Eqypt

This urban sampling site is located to the soutiCairo at Eltebin Institute, in the vicinity of various
industries (cement, steel and iron). 40% of thal tatmount of industrial facilities in Egypt can foeind in

the greater Cairo. Greater Cairo is also surrouredgricultural land and receives winds contanadat
with pesticides coming from the south. This sangphite was the most contaminated with PCDDs/Fs in
the whole African survey. Maximal I-TEQ concentoativas an order of magnitude higher than the second
most contaminated site (Dakar, Senegal) and althose orders of magnitude higher than background
sites. PAH levels were also high (second highesliameconcentration) and confirmed the severe infiee

of combustion on the air quality. PAH concentrasiavere higher between January and April (maximum)
and decreased to 25% of the maximum value aftesvaPCDD/F concentration, however, did not
decrease between the two sampling periods. Theamd®CB concentration was the second highest after
Senegal with all congeners found with PCB 52 antdélBg most abundant. The HCH levels were also the
highest apart from the obsolete pesticide stordgarsKenya.o-HCH was found at concentation levels 2-
4 times higher thap-HCH in most of the sampling periods gng’-DDT andp,p’-DDE were comparable.
The sum of all DDTs was also high. The median kwd#l HCB and PeCB were at least an order of
magnitude higher than at any other investigatesl Sihe concentrations of aldrin (in the second ftom
3-months sampling periods) and endosulfan were nhigher compared to other pesticides. Other
pesticides detected from the sites included dieJd@mdrin, heptachlor and mirex.

5.1.2.4.6. POPs levels in ambient air in Ethiopia

Asela is an urban background site located 175 kamthseast of Addis Ababa city. It is a residentinta
public offices area, and least affected induswiatraffic emission sources. As the site is 2,372bove
sea level, possible sources of POPs could be atradspleposition and long-range transport. PCBléeve
were very low, at the level of the background sitéSHs and DDTs were higher, and the detected media
level of DDTs was the third highest from all inugated sites. While-HCH was below detection limit in
most samplesy-HCH was always detected, and the levels were bighre June and January. DDT
concentrations grew gradually from January to Jame levels of p,p’-DDT were 2-4 times higher than
those of p,p’-DDE. From the other pesticides, aldrdieldrin, heptachlor, mirex, chlordanes and
endosulfans were detected. Level of endosfans aghird highest after Ghana and Senegal, and was
similar to DDT and higher than HCH concentratiolmeTmedian concentration of PAHs in Ethiopia was
the highest measured in this study; it was 30 timgker than at background sites and even higlzer tie
level in Egypt. Lowest PAH levels were measuredveen February and March. Interestingly, PCDD/F
levels were very low, with the highest I-TEQ conization less than 1% of what was measured in Egypt.

5.1.2.4.7. POPs levels in ambient air in Ghana

Kwabenyais an urban background site some 20 km to thénne#st of the Accra city centre at a research
station that is distant from industrial and trakimission sources. It is in a suburban resideatiéd close

to the Akwapim Mountains. Possible sources inclagecultural activities where pesticides are amplie
uncontrolled combustion activities, as well as motehicle emissions. PCBs were found at levelscslpi
for urban sites. The concentrations of HCHs and BWé&re low, only 2-3 times higher than those at the
background sites. The sums of HCHs and DDTs stdyedsame throughout the sampling periods, and
p,p’-DDE was higher thamp,p’-DDT. Concentrations of HCB and PeCB were low, anty draces of
aldrin, dieldrin, heptachlor and mirex were detdcWhile the concentrations of endosulfans werenipai
below detection limit in the first sampling periatheir levels were the highest in the second sargpli
period compared to all countries. They were alghdr than the concentrations of all other pestgide
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PAH concentrations were only 2-3 times higher ttiase at the backgrounds, and the highest levais we
detected in January. PCDD/F levels were, howevete dpigh with maximum I-TEQ value being the third
highest in this survey after Egypt and Senegal.

East Legonis another urban background in a residential &f&m to the north-east of the Accra city
centre, close to the Accra international airpdris hot close to any industrial emission souragsniay be
affected by uncontrolled combustion activities (belold/municipal wastes). It is about 25 km awaynfr
Terna, the industrial center of Ghana. PCB levasavglightly higher than those at the other sit€lvana.
The same applies for DDTs and PAHs where the ledeisled. The concentrations pjp’-DDE were
higher than those g¢f,p’-DDT, and the sum of DDTs was highest in Februag/arch. On the contrary,
the levels of HCHs were highest in April and May.

5.1.2.4.8. POPs levels in ambient ailNlauritius

Reduit is a background site possibly affected by medicaster incineration or open waste burning. PCB
and HCH as well as HCB and PeCB levels were lomjlar to other background sites in Africa. The
concentrations of DDT were 3-5 times higher thasséhtypical for the background sites, and simaahe
suburban sites in Kenya or Mali. Traces of dieldnmd mirex were also detected together with enéksul
which was higher than HCHs or DDTs. PAH concertratiin air were typical for rural sites not affette
by heavy transport or industrial activities, bué ttoncentrations in soil were among the higheghén
region. This also corresponded with the low lew#IBCDDs/Fs. The concentrations of PAHs measured i
April and May were several times higher than ineottmonths.

5.1.2.4.9. POPs levels in ambient air in Nigeria

Shedais a site in the agricultural region potentiallfeated by bush burning. PCB levels were accordingly
low except for the fourth month when they increagden times higher. HCHs and DDTs were very low
as well, with y-HCH dominating the HCH group and variahbep’-DDE/p,p’-DDT ratio. Pesticide
concentrations were highest in April. Traces ofdtia, chlordanes and higher levels of endosulfarse
also detected. PAH concentrations were also ndt bigen though they were several times higher than
those measured at background sites. Their levetse Wghest in January, February and April. On the
contrary, PCDD/F levels were among the highestdauarthis study.

5.1.2.4.10. POPs levels in ambient air in Senegal

An urban industrial site ilbakar was selected as a sampling site in Senegal amdsitone of the most
contaminated sites. It provided the air sampleh thie highest median level of PCBs where conceatrst

of more chlorinated congeners (especially PCB 1&e significantly higher than those of more vdéati
PCB congeners. This pattern was also found in Eo#n though the soil was one of a few cases where
PCBs were detected, it probably serves as a sihk source of PCBs since levels are quite low. &her
must be another (possibly primary) source of PCBamination of air. The levels of DDTs were alsoyve
high, second highest after the obsolete pestitmage site in Kenyg,p’-DDE andp,p’-DDT were found

in the same order of concentrations. Soil was alsotaminated, ang,p’-DDT dominated in soil.
Endosulfans composed the group with the secondebighir concentration measured in this campaign,
while aldrin, dieldrin, heptachlor, isodrin, mettyoklor, mirex and chlordanes were detected at lower
levels. The median concentration of PAHs was thed thighest after Ethiopia and Egypt, the and
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maximum I-TEQ of PCDDs/Fs was the second highest &gypt. Highest levels of PAHs were measured
in May, and the lowest in June. Soil concentratidhBAHS were also significantly high.

5.1.2.4.11. POPs levels in ambient air in South Africa

Three sampling sites were selected in South Affibalopo Nature Reserveis a background site with no
industrial sources. The levels of PCBs, HCHs and’ Bvere similar to those measured at the background
sites in Kenya and Mali. For PCBs, the highest eatation was found in July (only the less chloreaa
congeners were detected most of the time). Theertrations of HCHsy¢(HCH higher tharm-HCH) were
highest in January and February, and for DD, {DDT generally higher thap,p’-DDE) in January.
Traces of aldrin and dieldrin and somewhat higbeells of endosulfans were found as well. PAH leasls
well as PCDDs/Fs were the lowest after Mt. Kenya.

Barberspan is another non-industrial rural background withryweimilar results to Molopo Nature
Reserve. The concentrations of all investigated #@Bre almost identical to those measured at the
previous site. The highest levels of HCHs and DW&se found in January and February while the highes
PCB levels were measured between April and July.

Vanderbijl Park is an industrial site affected by iron and steanofacturing, a petrochemical plant, a
powerplant and coal mining within a 20 kadius. PCB levels were 2-3 times higher than nreasat the
background sites in South Africa, DDTs were almittet# same, but HCHs were one half order of
magnitude higher with the highest levels betweemudey and Marchy-HCH was up to one order of
magnitude higher than-HCH while p,p’-DDE/p,p’-DDT ratio was variable. The median PAH level was
high, similar to the industrial sites in Kenya avidli. The soil levels of PAHs were among the highas
the region as well.

5.1.2.4.12. POPs levels in ambient air in Sudan

An urban industrial background was sampled&irartoum . This site can reflect combustion processes in
households and small industries, emissions fromagiphalt mixing station, road traffic, and frequsaolid
waste burning. The concentration of PCBs was antieadnighest values, close to industrial sites iny¢e
and Mali. As in the case of Senegal, PCBs were doalso in the soil samples, but due to the low
concentrations, soil is probably a sink not a sewfpollution. Elevated levels were found for HChiyd
DDTs. DDT contamination was also confirmed in soiéth p,p’-DDE being the most abundant. For all
chlorinated compounds, the levels in the last timeaths of the compaign were about two times higher
than those in the first three montksHCH was up to one order of magnitude higher taahCH, while
p,p’-DDE was 3-5 times higher thamp’-DDT. From the group of other pesticides, aldrireldiin, endrin,
heptachlor, isodrin, mirex and chlordanes were doathlow levels, and methoxychlor was about onerord
of magnitude higher. To the contrary, endosulfaeseanot detected. PAH concentrations were at levels
typical for urban sites but the fourth highest I Eoncentration was found indicating significanttHIZF

air pollution.
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5.1.2.4.13. POPs levels in ambient air in Togo

Kouma Konda is a sampling site in an agricultural area thatdssibly affected by previous intensive use
of DDT and cyclodien pesticides for coffee and @pooduction. This site may be probably impacted by
the current use of endosulfan in cotton productR@B levels were low which corresponds with thekur
character of the site. The contrations of DDT wiexe, but the levels of HCH were the second highest
apart from the pesticide dump site in Kenya. Lew¢lslCHs were much higher in the first three morghs
the year, especially in FebruanHCH was responsible for this increase and theltesuggested the
fresh application of lindane. Similar concentratiomere also measured for endosulfans, while aldrin,
dieldrin and mirex were found in traces. PAH coraions were quite low, and the levels of PCDDs/Fs
were among the lowest in the region. PAH conceotmatin January were several times higher than in
June.

5.1.2.4.14. POPs levels in ambient aifTumisia

Tunis city was sampled as an urban background site; sodustrial facilities could be potential sources
of contamination. The PCB concentrations correspdrd the urban character of the site, DDTs wese lo
and HCHs were elevated. Most particular is thatesmely high concentration of HCHSs in the air sample
from the very first sampling period. While|® of HCHs per filter was measured at Kitengela ipett
storage site in Kenya in January, 1F per filter were found in Tunis at the same tinmeKenya, this
concentration gradually decreased tqu@ per filter in following months but in Tunis such high
concentration was not confirmed during the nextarg periods. The very unusual distribution of HCH
isomers in Kenya (the same amountefandy-, but up to five times highé-HCH) was repeated in all
samples. On the contrary, the January air sampia funis had about the same levels-0dnds-HCH
but it was never confirmed in following months. fréhe group of other pesticides, aldrin, dieldnmgex
and endosulfans were detected. Endosulfans hadighest median level from all investigated pesgsid
PAHs were low in Tunis but PCDDs/Fs were amondhier in this survey (fifth higest I-TEQ).

5.1.2.4.15. POPs levels in ambient aiZismbia

The sampling site inLusaka served as an urban background. It is located dosBambia’s largest
interantional airport, far from the heavy indudtaativities (these are some 18 km to the west ftben
airport). The levels of PCBs, HCHs, HCB and PeCBewew at this site, but DDT levels were highemtha
those found at most of the other sites. All chlaréd compounds had significantly higher concermatnatin
January and February than in the later months. Mola&tile PCBs ang-HCH dominated, ang,p’-DDT
was 2-3 times more abundant thap’-DDE. Dieldrin, chlordanes and endosulfans were distected in
the air samples. Both, PAHs and PCDDs/Fs were medsat low concentrations. PAH levels were
highest in February and lowest in March.

5.1.2.5 Comparison of the results from the Africarscreening study to the model network in the
Czech Republic.

The Czech Republic is the only country in the warith a fully developed air monitoring network bese
on passive air sampling devices active since 2008. network consists of 37 sites including indastri
urban, rural, urban background, rural backgroundi mountain sites. In this section, the results ffost
six months of 2008 derived from this network weoenpared to the results from the screening campaign
the African continent.

83



Tables 5.8-5.14 below show all African samplingesigrouped according to the site category into six
classes (industrial, urban, rural, urban backgroun@l background and mountain sites). On thet $gles

of tables (upper corner), the same statistics ipaed on the full set of the sites in Czech Réipult is
noteworth that since this survey was organizedtifier purpose of global monitoring, and the global
monitoring plan focuses on the background sitedissical analysis of the set of backround sitesnfthe
Czech Republic is also provided (lower cornerhef tables.

a) Comparison of DDT levels

DDTs concentrations ranged over three orders ohihade in the atmosphere of Africa. At many sifes,
was also significantly higher than DDT concentnagioneasured in Central Europe. The maximum levels
found at the pesticide dump site were more thanirB8s higher than maximum levels measured in the
pesticide factory in the Czech Republic. The medialnes at some industrial sites were higher than t
Czech industrial maxima, for instance the samphitg in Senegal. Urban and rural sites were not so
extreme but levels were still high at some urbackfeounds, especially Ethiopia or Sudan, or evealru
backgrounds such as Mali 03.

When we exclude the sites marked grey (Table 5a8) the selection of sites for background monitpyrin
the remaining urban, rural and mountain backgraites show the same DDT levels as those in thelCzec
Republic with the exception of Ethiopia, Sudan Zadhbia.

Table 5.8: Comparison of the statistical evaluation of DDT cemtrations in Africa (26 sites, left) and
Czech Republic (summary of 37 sites, right).

MIN MAX MEAN MEDIAN MIN MAX MEAN MEDIAN

DDTs - 1 - a - a a DDTs -1 -1 ~ 1 ~ 1
ng filter © ng filter = ng filter = ng filter ng filter © ng filter = ng filter = ng filter

Egypt 10.6 70.1 38.3 38.9 industrial sites 24 249.9 51.2 20.9
Kenya 03 1969.8 8969.9 3979.4 2584.4 urban sites 0.6 49.3 13.2 9.4
Kenya 04 19.8 98.6 54.2 48.7 rural sites 0.6 324.9 19.4 7.2
Kenya 05 14.7 40.1 25.0 20.1 urban backgrounds 7.5 24.0 13.4 11.6
Mali 02 68.6 163.8 113.1 101.4 rural backgrounds 5.4 11.2 8.5 8.3
Senegal 92.7 796.9 410.9 359.2 mountain backgrounds 0.6 25.5 7.3 6.1
South Africa 03 1.5 6.5 3.5 2.5
Congo 8.9 27.7 16.9 14.3]
DRCongo 19.5 85.6 44.7 36.5
[Mali 04 234 74.1 373 28.8 DDT MIN MAX MEAN MEDIAN
Mali 05 3.7 244 10.9 9.3 3 ng filter ' ngfilter | ng filer | ng filter
Nigeria 1.7 14.9 6.4 4.7 Praha, Libus$ 5.4 11.2 8.5 8.3
[Togo 2.8 6.5 4.6 4.5 Kosetice, EMEP station 7.5 12.6 9.4 8.7,
Ethiopia 61.5 152.4 108.1 110.6 Plinavy, Stitna nad V1afi 8.4 24.0 17.4 18.0
Ghana 01 4.5 6.1 5.2 5.1 Bily Kiiz, Beskydy mountains 1.5 18.2 5.5 3.4
Ghana 02 7.9 20.6 12.1 10.5 Deécinsky Snéznik, Krusné mountains 53 2515 134 12.0
Kenya 02 35 12.6 7.7 7.1 Churatiov, Sumava mountains 0.6 4.3 2.6 2.5
Sudan 45.2 111.9 75.3 68.8 esenik, Jeseniky mountains 4.9 8.1 6.9 71
‘Tunisia 1.5 5.7 34 3.4] Klet’, Sumava mountains 0.6 5.4 29 2.7
Zambia 13.2 77.8 36.5 23.3 Liberec, Jestéd 0.6 7.1 5.4 6.1
Mali 01 0.6 3.0 1.8 1.8 Pfimda, Sumava mountains 3.5 7.4 5.7 5.7
Mali 03 2.8 139.2 37.7 15.4 Rudolice, Kru$né mountains 3.7 12.7 6.3 5.3
Mauritius 3.8 21.3 9.3 7.8 Rychory, Krkonose mountains 3.5 9.9 7.3 ol
South Aftica 01 1.1 31 1.8 1.5] Sedlec, Mikulov 8.1 21.5 17.3 18.8
South Africa 02 1.0 5.5 2.9 2.1 Svratouch 6.6 18.5 10.4 8.9
Kenya 01 1.3 2.4 1.9 2.0 Setlich, Orlické mountains 0.6 8.4 4.4 4.9

Sites are divided into industrial (pink), urban émge), rural (bright green), urban background (gell), rural background
(light green), and mountains (blue).

84



b) Comparison of PCBs levels

PCBs at the industrial sites in Africa have simitarels as in Central Europe (Table 5.9). The maxim
found in Africa were somewhat lower than those figarope, but the median value in Senegal was,
however, several times higher than European medkarls. The sampling site in Kinshasa
(Democratic Republic of Congo) should be considereaccording to PCB level — to be industrial
rather than urban. While rural sites and rural lgaaknds in Africa had both maxima and median PCB
levels lower than corresponding sites in Centratope (with the exception of Mali 03), urban
backgrounds in Africa were significantly highernmaximal and median levels for Sudan, Ghana or
Tunisia.

Table 5.9: Comparison of the statistical evaluation of PCB aamirations in Africa (26 sites, left) and
Czech Republic (summary of 37 sites, right).

MIN MAX MEAN MEDIAN| MIN MAX MEAN MEDIAN|

PCBs 1 -1 -1 -1 PCBs -1 -1 -1 -1
ng filter © ngfilter = ngfilter ~ ng filter ng filter © ngfilter = ng filter = ng filter

Egypt 25.3 46.4 38.8 41.6 industrial sites 1.7 231.9 44.3 227
Kenya 03 3.0 5.8 4.8 5.0 urban sites 0.7 47.3 15.5 13.3]
Kenya 04 11.7 71.3 40.9 36.0) rural sites 0.7 28.9 7.7 7.7
Kenya 05 222 34.7 26.0 24.7 urban backgrounds 4.3 11.5 6.8 5.9
Mali 02 14.9 26.1 20.0 19.4] rural backgrounds 5.6 13.4 9.1 8.6
Senegal 54.3 132.5 93.3 103.6] mountain backgrounds 0.7 15.3 5.5 5.1
South Africa 03 1.0 4.5 3.1 3.1
Congo 6.8 16.2 10.3 8.6
DRCongo 23.1 102.2 39.1 30.4]
[Mali 04 2.0 5.0 3.7 3.9 PCBs MIN , MAX 1 MEAN1 MEDIAITI
[Mali 05 0.9 2.8 14 1.2] ng filter ~ ng filter = ng filter = ng filter
Nigetia 1.4 129 37 1.5 Praha, Libu§ 5.6 13.4 9.1 8.6
[Togo 0.7 53 24 2.3 Kosetice, EMEP station 43 6.2 49 4.6
Ethiopia 1.2 25 1.8 1.7 Plasiavy, Stitnd nad VIii 5.7 11.5 8.8 8.4
Ghana 01 8.2 12.6 10.1 9.7 Bily Kifz, Beskydy mountains 2.1 11.4 5.0 4.4
Ghana 02 6.9 20.3 12.8 11.4 Décinsky Snéznik, Kruiné mountains 3.6 153 11.7 12.9)
Kenya 02 1.6 2.8 2.2 21 Churéfiov, Sumava mountains 0.7 7.8 4.6 5.1
Sudan 13.8 39.2 23.6 20.5 | cscois, Jeseniky mountains 33 6.1 48 49
‘Tunisia 8.1 19.1 11.7 10.2] Klet’, Sumava mountains 0.7 5.0 3.0 2.6
Zambia 1.5 7.9 3.5 2.5 Liberec, Jested 0.7 9.0 4.9 4.7
Mali 01 0.7 32 1.2 0.8 Pfimda, Sumava mountains 3.2 7.6 5.3 4.7
Mali 03 35 25.6 12.0 9.7 Rudolice, Kru$né mountains 35 11.5 6.5 5.6
Mauritius 1.1 3.5 1.8 1.7, Rychory, Krkonose mountains 33 6.7 4.9 5.0
South Africa 01 0.8 6.1 1.8 1.2 Sedlec, Mikulov 29 6.8 5.7 0.4
South Africa 02 0.9 1.9 1.4 1.4 Svratouch 4.5 8.6 6.2 6.1
Kenya 01 0.7 2.4 1.4 1.3 Serlich, Orlické mountains 0.7 7.2 3.8 4.6

Sites are divided into industrial (pink), urban &mge), rural (bright green), urban background (&), rural background
(light green), and mountains (blue).

Looking at the individual background sites it candoncluded that all rural sites, rural backgrounds
and mountains are at levels similar or lower tharthe Czech Republic and can be used for the
purpose of the global monitoring. Sites marked gveye never meant for the background monitoring,
but were added to the network to indicate the cuomtation gradient. The urban backgrounds,
although higher in PCB levels, can also be inclugethe monitoring programme if needed. The
industrial sites in Egypt and Senegal as well as dite in Kinshasa are not fit the background
monitoring (marked red in Table 9) and should jaeed (unless the monitoring of impacted sites is
intended).
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Comparison of HCB levels

Atmospheric levels of HCB and PeCB were generalipiicantly lower in Africa than those found in
Central Europe. None of the industrial sites waavie polluted with these compounds. Although the
median HCB concentration in Egypt was at the saswellas the one detected for industrial sites @ th
Czech Republic, the maxima were almost two ordéreagnitude lower. HCB levels at background sites
of all categories in Africa were up to one ordenwgnitude lower (Table 5.10).

Table 5.10 Comparison of the statistical evaluation of H&®centrations in Africa (26 sites, left)
and Czech Republic (summary of 37 sites, right).

MIN MAX MEAN  MEDIAN] MIN MAX MEAN  MEDIAN]
HCB ng tilter © ng tilter © ng tilter © ng tilter ° |HCB ng tilter © ng tilter © ng tilter © ng tilter °
Egypt 9.0 234 17.8 20.9 industrial sites 1.3 1583.7 243.2 15.4
Kenya 03 3.7 6.0 52 5.4 urban sites 0.1 58.5 12.7 8.9
Kenya 04 3.6 4.6 4.2 4.2 rural sites 0.1 13.3 7.6 8.2
Kenya 05 4.5 12.4 7.9 7.9 urban backgrounds 6.5 17.6 11.6 11.2)
Mali 02 1.4 4.7 2.6 2.6 rural backgrounds 0.1 10.2 8.4 8.4
Senegal 2.3 34 2.8 2.8 mountain backgrounds 0.1 24.3 9.2 8.7
South Africa 03 1.4 3.8 2.8 257)
Congo 1.0 25 1.7 1.8
DRCongo 0.9 2.9 1.7 1.6
[Mali 04 13 2.8 2.0 1.9 HCB MIN MAX MEAN MEDIAN|
[Mali 05 0.9 32 1.7 1.6 ngfilter ' ngfilker ' ng filler ' ng filter
Nigeria 12 22 1.8 1.8 Praha, Libu$ 6.1 10.2 8.4 8.4
[ Togo 1.6 2.3 2.0 2.0 Kosetice, EMEP station 7.4 11.5 10.4 11.0)
Ethiopia 2.8 4.1 32 3.1 Plinavy, Stitna nad VI 6.5 17.6 12.8 13.2)
Ghana 01 1.7 2.6 2.0 1.9] Bily Kiiz, Beskydy mountains 43 13.8 8.2 8.2
Ghana 02 1.2 2.8 1.7 13 Décinsky Snéznik, Krusné mountains 7.0 243 15.1 13.2
Kenya 02 0.4 23 1.5 1.8 Churéfiov, Sumava mountains 0.1 8.8 6.6 7.6
Sudan 1.8 7.3 34 2.8 |Jesenik, Jeseniky mountains 7.5 12.9 9.7 9.8
‘Tunisia 0.8 11.6 33 1.8 Klet’, Sumava mountains 0.1 8.6 5.8 6.8
Zambia 0.8 3.4 2.1 1.8 Liberec, Jested 0.1 8.7 6.8 8.3
Mali 01 2.0 4.0 2.8 2.7| Ptimda, Sumava mountains 8.0 10.6 9.4 9.5
Mali 03 1.2 29 21 2.2 Rudolice, Krusné mountains 6.2 14.0 9.5 8.6
Mauritius 0.1 32 1.6 1.5 Rychory, Krkonose mountains 6.7 13.0 9.8 9.4
South Aftica 01 0.3 13 1.0 1.1 Sedlec, Mikulov 6.9 10.3 9.1 9.4
South Africa 02 0.1 2.0 1.1 1.0) Svratouch 8.7 20.9 13.8 13.4
Kenya 01 1.6 6.0 3.2 2.5 Serlich, Orlické mountains 0.1 10.8 6.4 8.7

Sites are divided into industrial (pink), urban &mge), rural (bright green), urban background (&), rural background
(light green), and mountains (blue).

Comparison of PeCB levels

PeCB showed similar characterics as HCB. Higheriamednd maximal values of PeCB were found in
Egypt and Kenya but these were still more than ra@eroof magnitude lower than maxima measured in
Europe (Table 5.11).

The levels of pentachlorobenzene, a degradatiotuptaf HCB, closely followed the pattern exhibitey
HCB. The concentrations measured in Egypt were ander of magnitude higher than all the other
countries except for Kitengela dumpsite which halli@s almost as high. The concentrations of HCB and
PeCB in soil were negligible.
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Table 5.11:Comparison of the statistical evaluation of PeCBcemtrations in Africa (26 sites, left) and
Czech Republic (summary of 37 sites, right).

MIN MAX MEAN MEDIAN| MIN MAX MEAN MEDIAN|

PeCB 1 -~ B ~ Bl B PeCB 1 1 ~ -1 ~ -1
ng filter = ngfilter = ngfilter = ng filter ng filter = ng filter = ngfilter = ng filter

Egypt 8.7 33.0 20.7 22.5 industrial sites 0.4 1082.6 127.6 4.7
Kenya 03 6.6 13.8 11.0 11.4 urban sites 0.1 39.8 5.4 2.4
Kenya 04 1.5 32 2.2 2.1 rural sites 0.1 4.5 2.1 2.2)
Kenya 05 2.6 13.0 6.9 6.0 urban backgrounds 0.9 4.2 2.4 2.2)
Mali 02 0.3 3.3 13 0.9 rural backgrounds 0.9 2.9 2.1 2.2)
Senegal 0.1 1.4 0.7 0.9 mountain backgrounds 0.1 4.8 2.2 2.1
South Aftica 03 0.1 1.2 0.6 0.8]
Congo 0.3 1.7 0.9 0.9
DRCongo 0.1 0.8 0.4 0.3
[Mali 04 0.1 1.7 0.8 0.0] PeCB MIN : MAX : MEAN1 MEDIAITI
[Mali 05 0.1 1.8 0.6 0.4 ng filter © ngfilter = ngfilter = ng filter
Nigeria 0.1 15 0.7 0.8 Praha, Libu$ 0.9 2.9 2 2.2
[ Togo 0.3 1.9 1.1 1.2 Kosetice, EMEP station 0.9 2.9 2.0 2.0)
Ethiopia 0.1 1.5 0.9 1.1 Plafiavy, Stitnd nad VIafi 1.0 4.2 29 3.1
Ghana 01 0.3 15 0.8 0.7 Bily Kiiz, Beskydy mountains 1.1 33 2.4 2.8
Ghana 02 0.1 12 0.7 0.8 Décinsky Snéznik, Krusné mountains 1.5 4.8 2.4 1.9
Kenya 02 0.1 1.2 0.5 0.3 Churifiov, Sumava mountains 0.1 2.5 1.7 1.9
Sudan 1.0 2.4 1.6 1.5 Jesenik, Jeseniky mountains 13 3.8 2.3 2.0)
‘Tunisia 0.1 37.4 6.9 1.0 Klet, Sumava mountains 0.1 2.3 1.5 1.8]
Zambia 0.5 0.9 0.7 0.7 Liberec, Jested 0.1 2.7 19 2.1
Mali 01 0.1 15 0.6 0.5 Piimda, Sumava mountains 1.6 3.1 22 2.1
Mali 03 0.1 1.2 0.6 0.5 Rudolice, Krusné mountains 1.6 3.0 2.2 2.0
Mauritius 0.1 0.9 0.4 0.4 Rychory, Krkonose mountains 1.6 3.5 25 2.6
South Africa 01 0.1 0.9 0.4 0.2] Sedlec, Mikulov 14 2.9 2.0 1.9
South Africa 02 0.1 0.9 0.5 0.5 Svratouch 1.8 4.7 29 2.7
Kenya 01 0.4 1.0 0.6 0.5 Setlich, Orlické mountains 0.1 3.4 1.9 2.3

Sites are divided into industrial (pink), urban &mge), rural (bright green), urban background (&), rural background
(light green), and mountains (blue).

Comparison of HCHs levels

Extremely high levels of HCHs (median of 2451, nmaxin 9307 ng filtef) corresponding to median
air concentrations between 10 and 20 Hgwere measured near the obsolete pesticide dumpnsit
Kenya. At all the other sites, concentrations wegrge uniform with the background sites in Zambia,
South Africa, Mauritius or Mali being at the lowend (below 5 ng filtet) and Egypt, Togo and
Tunisia at the higher end (Table 5.12).

The range between 3.5 and 47 ng per filter reflanteatmospheric concentration between 35 and 470
pgm®. This corresponded with the GAPS results wheresthe ofo- andy-HCH ranged from trace
levels to 184 pgim

Very high HCH concentrations were also measuretthensoil samples from the Kitengela dump site
in Kenya, while the soil concentrations at othéessivere negligible (around 1 rijglsomer specific
analysis showed thatHCH was most abundant isomer in soil, followedybyp- anda-HCHs. The
same unusual pattern was also reflected in ambienthere concentrations 6fHCH were up to 5
times higher than the concentrations of any ots@mier.
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Table 5.12: Comparison of the statistical evaluation of HCH @amirations in Africa (26 sites, left) and
Czech Republic (summary of 37 sites, right).

MIN MAX MEAN MEDIAN| MIN MAX MEAN MEDIAN|

HCHs -1 -1 -1 -1 HCHs -1 -1 -1 -1
ng filter ~ ngfilter  ngfilter  ng filter ng filter ~ ngfilter = ng filter = ng filter

Egypt 34.1 101.8 60.3 471 industrial sites 14 269824 1182.7 13.9
Kenya 03 1939.1 93075 4517.0 24513 urban sites 0.4 619.2 29.4 9.1
Kenya 04 1.7 18.8 9.1 8.3] rural sites 0.4 18.7 7.2 6.9
Kenya 05 15 23.6 14.0 13.5 urban backgrounds 1.5 22.5 8.8 6.4
Mali 02 6.9 45.1 22.3 17.8 rural backgrounds 5.2 15.7 9.9 9.9
Senegal 9.9 29.1 20.1 21.2| mountain backgrounds 0.4 22.3 8.3 8.0
South Africa 03 8.7 43.7 234 21.4
Congo 10.2 14.8 12.9 13.4
DRCongo 6.8 16.0 12.6 13.8
[Mali 04 34 17.7 10.4 10.2] HCHS MIN 1 MAX 1 MEAN1 MEDIAITI
(Mali 05 3.0 (22 4.5 4.3 ng filter = ngfilter = ng filter = ng filter
Nigetia 3.6 10.1 6.9 7.5 Praha, Libus 5.2 15.7 9.9 9.9
[Togo 19.7 147.4 60.8 43.3] Kosetice, EMEP station 2.6 22.5 8.4 4.9
Ethiopia 1.2 38.5 16.5 13.9 Plafiavy, Stitnd nad VIaii 1.5 17.4 9.3 8.8
Ghana 01 6.3 9.2 8.1 8.4 Bily Kiiz, Beskydy mountains 1.3 11.7 5.6 5.4
Ghana 02 33 17.7 9.1 7.9 Décinsky Snéznik, Krusné mountains 5.4 21.5 10.5 8.1
Kenya 02 4.6 30.9 10.5 7.0 Churatiov, Sumava mountains 0.4 19.0 8.7 8.5
Sudan 7.5 18.0 12.4 12.0) Jesenik, Jeseniky mountains 12 11.3 7.6 9.8
Tunisia 168 170144  2860.4 4.0 < <t Sumava mountains 0.4 22.3 11.0 10.9
Zambia 2.0 9.3 4.2 3.5 Liberec, Jestéd 0.4 19.5 9.8 9.7
Mali 01 1.9 7.4 4.0 3.5 Pfimda, Sumava mountains 6.7 14.7 11.2 11.1
Mali 03 4.9 29.4 141 9.1 Rudolice, Krusné mountains 3.7 124 8.1 8.6
Mauritius 23 15.6 6.8 4.9 Rychory, Krkonose mountains 2.8 11.7 5.6 4.8
South Aftica 01 2.0 8.9 4.7 4.0 Sedlec, Mikulov 7.1 20.7 11.9 10.6
South Africa 02 2.3 12.3 7.1 4.9 Svratouch 1.5 10.8 6.4 6.9,
Kenya 01 4.9 19.7 9.9 7.5 Setlich, Otlické mountains 0.4 8.0 3.3 3.0

Sites are divided into industrial (pink), urban &mge), rural (bright green), urban background (&), rural background
(light green), and mountains (blue).

The maximum HCH levels at the pesticide dumping BitKenya as the most HCH contaminated site in
Africa reached similar maximum values measurechefesticide factory in the Czech Republic. All the
other sites were several orders of magnitude lowemal and mountain backgrounds showed HCH
concentrations similar to the backgrounds in CénBHarope and can be used for the purpose of
background monitoring. There is a problem in Tunishere HCH levels were generally high but reached
a value three orders of magnitude higher than usuahe of the sampling periods. This indicates@ent
application of HCH in the country or the sourceioag This is also suggested by one of the highest
minimal values from all sampling sites. A similailoplem, although without the extreme level, wa® als
observed at the rural agricultural site in Togooddh these sites probably reflect the current udse o
pesticides, this generally does not disqualify thHiesm being good candidates for monitoring provideat

the long-term trends of pesticides in impacted sasra also investigated.

Comparison of PAHSs levels

The concentrations of PAHs were also determineshmples analysed for POPs. The concentrations
obtained are shown in Annex E Tables E32 to E60Faquares E7 to E8). The highest levels of PAHs
were measured at the urban background site in [Eth{d5.5ug filter* corresponding to 80-150 ngm

%), industrial sites in Egypt (1g filter™), Senegal (@9 filter"), and the municipal dumpsite in Kenya
and a cotton growing region in Mali. Air levels wealso higher at the urban sites in Congo and DR
Congo, Ghana, South Africa and Sudan. Phenantiwasealways the most abundant polyaromatic
compound. Very clean samples came from Mountainyemombouctou in Mali, and the two
background sites in South Africa.
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It has to be noted that PAH compounds in ambienpaitition between the gas and particle phases.
As the passive air samplers are designed to sathplgas phase only (although a finest particle
fraction cannot be prevented from entering the $argp particle fraction in the atmosphere tends to
be underestimated. It does not represent a signifierror in terms of concentrations since the arhou
of particle-associated PAHs is usually an ordemagnitude lower than the one of gas phase-
associated PAHSs. It can, however, cause a sermmerestimation of the risks since the particle-labun
PAHSs are significantly more toxic.

None of the soils exceeded the concentration ofr2#f3, and levels were highest in Kenya, Senegal
and Mauritius.

The median PAH levels at Mt. Kenya, Tombouctou sauahpling sites in South Africa were very low, with
concentration of half an order of magnitude lowwsant medians found in Europe. The concentrations at
other rural and most of the urban sites were mormeparable with corresponding site categories incGze
Republic. The industrial sites are the only catggehere the median values of PAHs in Africa were
generally higher than those in the Czech Repubkn¢hough their maxima were lower.

Apart from the sites marked grey (selected for oingrposes), all the other sites can be used for th
purpose of background monitoring. The only excepi® Ethiopia, where the mean and median values
were the highest in the campaign (Table 5.13).

Table 5.13: Comparison of the statistical evaluation of PAH @amtrations in Africa (26 sites, left) and
Czech Republic (summary of 37 sites, right).

16PAHs [ oghier + nginiier * nginer g er |16 pans ng hiter * ng titer g fiter ng fiter
Egypt 4810 22954 11 636 11 062 industrial sites 1747 29973 8418 5743
Kenya 03 818 1316 1117 1182 urban sites 11 27 219 5920 3824
Kenya 04 6211 8 445 7 147 6 807 rural sites 11 60 412 7 544 4 788|
Kenya 05 6 742 9 676 8 147 8 110] urban backgrounds 283 16 181 4 666 2818
Mali 02 3401 6312 5 040 5278 rural backgrounds 1126 14 561 5 286 3328
Senegal 5672 13 289 9279 9152, mountain backgrounds 11 19 841 3 740 2629
South Africa 03 3518 7799 5434 5218

Congo 2328 4745 3390 3336

DRCongo 4053 13 151 6423 5669

Mali 04 5833 16 278 9 255 6776 16 PALLs MIN 1 MAX 1 MEAN1 MEDIAITI
(Mali 05 581 3 460 1890 1594 ng filter © ng filter = ng filter = ng filter -
Nigeria 1408 6025 3669 3549 Praha, Libug 1126 14 561 5286 3328
'Togo 993 3977 2310 2 203 Kosetice, EMEP station 283 9 226 3 240 1932
Ethiopia 9731 17 915 14 547 15 449 Planavy, Stitna nad V1aii 1328 16 181 6092 3 402]
Ghana 01 1652 2786 1951 1749 Bily Kiiz, Beskydy mountains 507 6182 3210 30066
Ghana 02 2965 4158 3383 3341 Decinsky Snéznik, Krusné 1073 19 841 9134 7121
Kenya 02 1566 2312 1942 2 005 Churariov, Sumava mountains 11 2514 1292 1179
Sudan 3174 5269 4231 4332 |Jesenik, Jeseniky mountains 841 11 752 4932 3650
‘Tunisia 1087 2362 1607 1641 Klet, Sumava mountains 11 16 358 5370 3983
Zambia 834 2182 10618 1583 Liberec, Jested 11 3648 1439 1270
Mali 01 362 905 688 711 Pfimda, Sumava mountains 588 5 620 3044 2903
Mali 03 1102 2793 1726 1623 Rudolice, Krusné mountains 451 8189 3799 3292
Mauritius 1792 5434 3127 2529 Rychory, Krkonose mountains 834 3228 1 866 1568
South Aftica 01 303 640 423 413 Sedlec, Mikulov 1324 10 110 4 408 3719
South Africa 02 233 564 385 402 Svratouch 1255 11 403 4866 4 288|
Kenya 01 145 212 185 191 Setlich, Otlické mountains 11 4014 1517 1341

Sites are divided into industrial (pink), urban &mge), rural (bright green), urban background (&), rural background
(light green), and mountains (blue).
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5.2. CONCENTRATIONS OF POPs IN HUMAN MILK

Very limited information on the contamination ofrhan milk by POPs is available in Africa. The main
sets of data were obtained from WHO human milk syisampaigns, which involved some countries from
the region. Egypt participated in th& 8ound in 2003, and Sudan in th8 vbund in 2005. Due to the
existing data gaps in the region, UNEP/WHO milkveyr project was developed in which 14 African
countries participated to provide additional humatk data.

5.2.1. Data from the 3rd and # Rounds of the WHO milk survey

As the ¥ and 4' Rounds of the WHO milk survey involved very fewuotries in the region, the data
collected from Egypt during thé“ound (Table 5.68 in Annexes), and from Sudannduthe 4' round
(Table 5.54 to 5.56 in Annexes) are mentioned is thport for record purpose. Howover, such data ar
not at all adequate in providing a baseline of P@Rsls in human milk in the region upon which fetu
evaluations can be done.

5.2.1.1. Results from th& Round of WHO milk survey (Egypt)

Analysis of pooled human milk sample submitted e 8 round of WHO human milk survey only
covered PCDD/F and PCBs. WHO-PCDD/F-TEQ of 22.§8) wf fat and WHO-PCB-TEQ of 5.48 pg/g
of fat were reported (Annex E Table E 63).

5.2.1.2. Results from th& Kound of WHO milk survey (Sudan)

5.2.1.2.1.Levels of basic POPs in human milk frone8

Among the POP pesticides, DDT and its metabolitesewthe most dominant in human milk samples
collected from Sudan. Other pesticides detectetudied dieldrin, heptachlor, Hexachlorobenzene and

chlordane. Aldrin, Endrin, Toxaphene and mirex weetow detection limit. The results of the pesticid
residues are illustrated below (Figure 5.11), andrearized in Annex E Table E 64.
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Figure 5.11:POP pesticides in human milk from Sudan
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5.2.1.2.2 PCBs levels in human milk from Sudan.

All indicator PCBs (PCB 28, PCB 52, PCB 101, PCB1R8B 138, PCB 153, PCB 180) screened in the
pooled milk sample were of detectable concentratidime level of PCB 153 was the highest followed by

PCB 138 and PCB 180 (Figure 5.12). Several otheraawtho and non-ortho PCBs were also detected
(Annex E Table E 65).

25
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Figure 5.12 Concentrations of PCBs in human milk from Sudan

5.2.1.2.3 Dioxins and furans levels in human f@umadan.

The concentrations of dioxins and furans variedifane congener to the other in the pooled milk $amp
Figure 5.13 below illustrates the detected levE€le concentration of OCDD was the highest of ail th

analysed compounds, whereas 2,3,4,7,8-PeCDF wdsghest among the PCDFs. WHO-PCDD/F-TEQ
of 6.2 was reported (Annex E Table E 66).
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Figure 5.13:Dioxins and furans concentrations in human milkrfrBudan

5.2.2. Data from the UNEP-WHO milk survey

Thirteen countries in the region showed interessubmiting human milk samples for the UNEP-WHO
human milk survey under thé"4ound that was coordinated by UNEP Secretariathef Stockholm
Convention. The countries included DR Congo, CoRgpublic, Ivory Coast, Djibouti, Ghana, Guinea
Conakry, Mali, Kenya, Mauritius, Niger, Nigeria,i#@&gal and Uganda. The data was meant to supplement
the existing data from Egypt and Sudan in ordegit®@ a more comprehensive regional picture of the
POPs levels in human milk. This data was not yadyeat the time of compiling this report.

5.2.3. Data on core media from other national actities

Although, there was no well established programnfionitoring POPs in human tissues (milk and blood)
in the region, a literature review revealed thesexice of research data in some countries. Howéver,
should be noted that the methodologies were natismt with the recommended WHO method which is
the international standard. Thus, the data fronsehstudies/research activities are not suitable for
comparisons and inferences for the region.

5.2.3.1. Human milk data from South Africa

DDT and its metabolites (DDE and DDD) were deterdiim 152 human milk samples from three towns
in South Africa (Bouwman et al., 2006). The DDEamted the highest concentrations in both the whole
milk and milk fat, with concentrations ranging frd@.3 ng/g and 1716.6 ng/g respectively, followgd b
DDT with 34.3 ng/g and 1164.9 ng/g. Metabolite DB#gorded the lowest concentrations in both matrices
(Annex E Tables E 68 to E 69)
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5.2.3.2. Human milk data from Ghana

A referred publication on human milk in Ghana (Nt@®@01) reported the presence of DDE and HCB at
the concentrations of 490 ng/g and 40 ng/g respeygt(Annex E Tables E 70 to E 73).

5.2.3.3. POPs Levels in human blood

Data on POPs levels in human blood was extractau foublished research findings from Ghana. The
studies reported the presence of DDT, DDE, dieJdximd HCB (Annex Tables E 70 and E 71) (Ntow,
2001 and Ntow et al., 2008). Figure 5.14 belowsillates the levels of pesticides detected in Hubhaod
Ghana.
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Figure 5.14:POP pesticides in human blood from Ghana (2008)

5.3 CONCETRATIONS OF POPs IN OTHER MEDIA

Most of the available POPs monitoring data fromntgas within the Africa region were retrieved from
published scientific papers from national reseactivities dealing with other media (crops, fishean
soil, sediments and water).

5.3.1 POPs pesticide residues in soil

Comparable data of POPs residues in soils frommdgion was obtained from the data obtained from
soil samples submitted during MONET Africa pilotojgct. However, the data was from samples
submitted once in March 2008, and not adequatdigmussion of temporal trends, sources and sinks,
and transport. The results are illustrated in tgarés below, and summarised in Annex E Tables E30
and E31.

5.3.1.1 DDT levels in soil
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DDT levels in soil varied from one country to théher. The highest concentration was measured In soi
from Kitengela obsolute pesticide site, where 4ig5g* of DDTs was found.p,p’-DDT was responsible
for 80% of the total DDTs anedveno,p’-DDT was two times more abundant thap’-DDE at this site.
Around 1pg g* of DDTs was found also at two other sites in Kemyiadustrial site and municipal waste
dumpsite. At these sites, the concentration legélg,p’-DDT andp,p’-DDE were similar. Senegal and
Sudan soil had some 100 ng gf DDTs and all remaining soils stayed only in thage of nanograms.
p,p’-DDE was prevalent in Sudan whipgp’-DDT was more abundant in Senegal (Figure 5.15.abheal
concentrations of DDT in soils are given in AnneX&bles E30 and E31
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Figure 5.15:DDT levels (sum of o,p’- and p,p’-DDT, DDE, DDD) swvil (ng g-1) in Africa, 2008
5.3.1.1.2 HCB levels in soil

Figure 5.16 below shows the levels of HCB in sbien the regionThe highest concentrationwas
detected in soil from Senegal.
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Figure 5.16:HCB levels in soil (ng §) in Africa, 2008

Figure 5.17 below shows the levels of PeCB detkictsoils from fifteen African countries. In
general, the levels of this compound in soils wrige low compared to the parent compound which
is HCB.
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5.3.1.2 PCB levels in soils

Figure 5.18 below shows the sum PCB levels deteatedoils fro the region. The highest PCB
concentrations were found in Sudan, followed byeg@ahand Tunisia. They all were, however, very low
(below 16 ng @). Additional information of PCB residues in soisgiven in Annex E Tables E30 and

E31.
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Figure 5.18:Sum PCB levels (7 indicator congeners) in soil@dyin Africa, 2008

5.3.2. POPs levels in sediments

POPs pesticides were the main compounds reportdaticoyesearch institutions in the region, whereas,
DDTs, aldrin, dieldrin, heptachlor, endrin and mriveere the most reported pesticides in sediments.

5.3.2.1. Data from Ghana
Research findings by Ntow (2001) revealed presaricBDE, heptachlor and HCB in sediment from
Ghana, with varying concentrations of 0.46 ng/§3Mg/g and 0.9 ng/g, respectively (Annex Table)E71

Later studies reported presence of aldrin, dieJdDT and its metabolites (Figure 5.19 and ann&@akle
E72).
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Figure 5.19:POPs residues in sediments from Ghana (Ntow e2G03)

5.3.2.2. Data from South Africa

Various POP pesticides have been reported in sedsnijmm South Africa, with the concentration of BIC
being the highest (Figure 5.20 and Annex E Tabl®)E6
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Figure 5.20:POP pesticide residues in sediments from Soutlt&{2003)
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5.3.2.3. Data from Senegal

Seven POP pesticides (Aldrin, Dieldrin, Endrin, DBUHB, Heptachlor and Mirex) have been reported in
soil from Senegal as shown in Figure 5.21 below, Annex E Table E 73 (Manirakiza et al., 2003).
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Figure 5.21 POPs in soil from Senegal in 2003

5.3.2.4. Data from Mali

Research findings from Mali revealed that the catregions of pesticide residues in soil varied frone
locality to the other (Annex E Table E74). The aamication of DDE was the highest detected compared
DDT, whereas dieldrin and DDD were below detectiomt. Later study by Dem et al. (2007) noted that
although the reported pesticide residues in sall\aater are generally low, more studies are necgssa
assess the levels in water, soils and living ogasifrom other parts of the country.

5.3.3. POPs levels in water
5.3.2.1. Data from Ghana

POP pesticides are the main compounds reportechiarvgamples by researchers in the regiostudy
by Ntow et al. (2008) reported DDT and DDE, at levs of 0.012 ng/l and 0.061 ng/l in water samples
from Ghana, whereas the concentrations of aldrin ath dieldrin were below detection limit (Annex E

Table E72).
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5.3.2.2 Data from South Africa

In a study in South Africa, aldrin, dieldrin, DCAhd its metabolites HCB and heptachlor in water,
with concentrations ranging from 21.1 to 209.71Bigure 5.22 and Annex E Table E 68) (Awofolu
and Fatoki, 2003).
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Figure 5.22:POPs in water from South Africa (2003)
5.3.2.3. Data from Senegal
In a research conducted in Senegal to determintecigiesresidues in water, seven pesticides namdhyna

dieldrin, endrin, DDT, HCB, heptachlor and mirexrevgletected at levels ranging from 0.1 to 63.9ag/I
shown in Figure 5.23, and Annex E Table E 73 (Mara et al., 2003).
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Figure 5.23:POPs in water from Senegal in 2003

5.3.4. POPs levels in meat

A study by Darko and Acquaah, (2007) reported preseof aldrin, dieldrin, DDT and its metabolites in
meat (fat and lean) samples from Buoho, Ghana.cbheentrations ranged between below detection limit
and 24.4 ng/g. The findings are summarised in [Ei§u24 below, and Annex E Table E 71).
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Figure 5.24:POPs in beef fat and lean from Ghana (2006).
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5.3.4. POPs levels in fish

5.3.4.1. Data from Burundi

In Burundi, the POP pesticides such as adrin, drelceldrin, DDT and its metabolites, HCB and
heptachlor were detected in some fish speciesnegitue levels ranging from 2.3 to 197.6 ng/g asvsh
in Figure 5.25 and Annex E Table E 75.
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Figure 5.25:POPs levels in fish from Burundi (1999)
5.3.4.2. Data from Ghana
A study by Ntow et al. (2008) reported aldrin, drgh, DDT and DDE in fish samples from Ghana. The

concentration of DDE was the highest compared beropesticides detected (Figure 5.26 and Annex E
Table E 72).
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Figure 5.26:POPs in fish from Ghana (Ntow, et al., 2008)
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5.3.4.3. Data from Nigeria

In Nigeria, POP pesticides (Aldrin, DDT and its atmdlites DDD and DDE) were detected in fish with
residue levels ranging from 0.03 to 0.06ng/g (iz&atu et al., 2007). These are illustrated in Fidgura7
and Annex E Table E 76.
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Figure 5.27 POPs in fish from Nigeria (2007)
5.3.4.4. Data from Tanzania

In a study in Tanzania, dieldrin, DDT and its meldbs (DDD and DDE) were detected in fish. The
concentration of DDE was the highest comparedtheropesticides analysed (Figure 5.28 and Annex E
Table E 77).
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Figure 5.28 POPs in fish from Tanzania (Mwevura et al., 2002)
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5.3.5. POPs levels in crops

5.3.5.1. Data from Ghana

In a study conducted to determine pesticide residag¢omatoes from farms and markets in Ghana, the
oncentrations of DDT, DDE, DDD, aldrin, dieldrindahlCB were below detection limit except heptachlor
which had concentration of 1.65ng/g (Annex E Tadblél) (Ntow, 2001).

5.3.6. Discussion of POPs residues in other media

Assessment of the reported POPs levels in otheiamedveal varying concentrations of DDT and its
metabolites, and other pollutants such as MirexiriA| Dieldrin, Endrin, HCB, Heptachlor in sedimgnt
water meat, fish, and crops. The concentration DT Desidues was two times higher than the WHO
Maximum Residue Levels (MRLSs) in meat (fat and )eansome report from the region. Therefore, there
is a need for monitoring of these residues in tigerégion.

Although all POP pesticides have been detectedhiir@nmental samples in the region, DDT and its
metabolites seems to be the most frequently rephantenost of the studies. For instance, in a stogy
Darko et al. (2008) aimed at establishing the extéiconatamination of fishT{lapia zilli), sediments and
water from Lake Boswomtwi,by organochlorine pesiési, DDT and DDE were found in sediments with
concentrations of 4.41 ng/g and 8.34 ng/g, antisim with concentrations of 3.65 ng/g and 5.32 ng/g
respectively. Determination of the rarios of DDEIADDT established that DDT was lower than DDE,
which implied contamination due to the past usdder.

However, although the concentrations of DDT ressdaed other POPs pesticides (Aldrin, Dieldrin,
Endrin, HCB, Heptachlor and Mirex) reported weragally low in water and soil samples in many
African countries (Manirakiza et al., 2003), in sooountries like Tanzania, the ratio of DDT metébsl

to total DDT showed evidence of recent use of DBBame areas (Mwevuera et al., 2002). In addition,
according to authors in Nigeria, the levels of O@Psvater and fish are on the increase, and treee i
serious need for the monitoring of these POPs itenvéood and environment in order to prevent uzsio
environmental and public health hazards (Ize-lyatnail., 2007).

The existing POPs research data, in the regiornw she presence of DDT and its metabolites, androthe
POPs such as aldrin, dieldrin, endrin, HCB, heptacland mirex in water, sediments and other
environmental compartments. Although, the repotals showed variation from one country to the
other, the data were obtained from research aesviconducted at different times, with different

objectives, and applying different methodologiebe Tsituation points out the necessity of harmonised
POPs monitoring programmes for water, food andro#mironmental media in the region, in order to

obtain a more comparable regional environmentalityudata that can be used to measure temporadisren

and spatial distribution in the region.
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5.4. EVALUATION OF LONG RANGE TRANSPORT OF POPS IN THE REGION

5.4.1 Discussion of back trajectories

Trajectories were generated for all countries usamg sampling site per country. In countries with
multiple sites, two backgrounds were selectedrigecttory analysis wherever possible. It has todted
however, that although back trajectories can irdithe source areas for background sites, theyotann
serve the purpose of source identification in thetustrial or residential areas with strong locaission
sources (like Egypt or Senegal, in this study).

While in some countries (such as Ghana and Kelmgajrajectories seemed to be quite consistenttbeer
whole sampling period, their patterns varied ggeattween the individual sampling months in other
countries (Ethiopia, Mali, Sudan). Figures 5.29 &R2D illustrate the results of backtrajectorieenya
and Mali respectively.

4.3.-1.4.2008 1.4.-13.5.2008

13.5.-19.6.2008 19.6.-8.7.2008 8.7.-6.8.2008

Figure 5.29:Variability of the back trajectories for Mt. Kenyidenya) in a six months sampling period
(March — August, 2008)
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7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008

12.4.-11.5.2008 11.5.-8.6.2008 8.6.-5.7.2008

Figure 5.30:Variability of the back trajectories for Tombouct@ali) in a six months sampling period
(January — July, 2008)

Additional results of back trajectories for otheyuotries are shown in Annex E Figures E36 to E51).
However, it is important to note that further infation on local climatology and meteorology is rexktb
analyze correctly the relationship between the alglity of the atmospheric POPs and the back
trajectories. Temperature, sunshine, wind speedebideposition are some of the factors affectiryfétie
and life time of the compounds in the atmosphergetiher with local and distant sources).
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. CONCLUSIONS
6.1.1. Levels of contamination of core media by PSR African region

This report summarises the findings of POPs leuelsore media and other media from Africa.

Ambient air data were derived from model monitoringtworks based on the passive sampling
techniqgue. Human milk data were mainly from WHO lammmilk surveys, whereas data for other
media were mainly from research activities withie tegion.

6.1.1.1. Contamination of the ambient air

The air samples from 26 sampling sites in 15 caemwof the African continent were collected during
the 6 months of the pilot MONET-AFRICA survey. Tleites ranged from rural and urban
backgrounds to sites contaminated by industriaVities and obsolete pesticides.

It was proved that several sites (Mt. Kenya in Kgnlyombouctou in Mali, Molopo nature reserve or
Barberspan in South Africa, Reduit in Mauritius)e agood candidates for future background
monitoring of POPs in the continent.

It was also shown that levels of various chemicaigye over several orders of magnitude and strong
primary and secondary sources of atmospheric congion could be identified.

The industrial site in Egypt presented a problemhedvy PCDD/F contamination in urban areas.

Together with Ethiopia, Egypt also drew attentioneixtremely high atmospheric levels of PAHs

associated with combustion processes. Similarlge§al had a site representing heavy contamination
of PCBs, PAHs and PCDDs/Fs.

Kitengela in Kenya elucidated the problem of theadbte pesticide storages sites, with very high
atmospheric levels of DDTs, HCHs and HCB.

Low p,p’-DDE/p,p’-DDT ratios were observed at many sampling sitethénregion, and indicated a
problem that could be associated to the recenteusbDBDT.

Several sites in the region showed month-to-morathabilities in pesticide concentrations ranging
over orders of magnitudes, suggesting fresh agpits, especially of the currently used pesticides
such as lindane and endosufan.

MONET-Africa project established not only the based of the POP levels in the African continent
but also a partnership between the scientists @stdutions in 15 participating countries of thgioan
and their strategic partner in the Czech Repubhd, the concept ought to be further developed.

All these findings should be considered when plagmiot only future monitoring programs but also
national regulations and implementation plans.
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6.1.1.2. Contamination of human tissues (milk andiood)

The main POPs human milk data were obtained fran8thand 4" rounds of WHO human milk surveys.
The 3% round WHO milk survey data were for the sampldsnstted by Egypt, and only constituted of a
summary of WHO-PCDD/F-TEQ, and WHO-PCB-TEQ. THerdund human milk survey data were for
the samples submitted by Sudan and covered aR@fes groups (pesticides, PCBs, dioxins and fuians)
Annexes A, B and C of the Convention. The data sltblwman milk contamination by an array of POPs
at varying concentrations. All indicator PCBs camtcations were of quantifiable levels, whereasl|bfie
POP pesticides, aldrin, endrin, toxaphene and mirese not detected. A number of PCDDs and PCDFs
were also detected.

Additional data for human blood and breast milk @vebtained from research activities within the oegi
and mainly covered POP pesticides. The POPs lavédlsman milk data from the region showed varying
concentrations from one country to another, atteébuto differences in socio-economic, industriatl an
agricultural activities taking place.

Additional data was to be obtained from UNEP/WHG@knsurvey, a supplementary data collection
activity initiated in 2008, to fill the envisagedman milk data gaps in the region for the firseefiveness
evaluation.

6.1.2. Levels of contamination of other media by P€in African region

Through investigation of POPs monitoring data aéld in the African region, it is apparent thatréhes
resident skill for POPs monitoring in various caigg at the Universities and research institutions.
However, there is lack of regional monitoring pmmmes with harmonized monitoring protocols for
provision of comparable data. Therefore, to faatiéitgeneration of reliable and comparable datden t
future, it will be important to establish monitogirprogrammes that cut across several countries wit
similar protocols for POPs measurement not onlgare media but also in other media. There is need f
regional media to be included as matrices of istefer future evaluations. It is important to sugpkent

the existing laboratory equipment to support thestexg human resources to generate reliable in the
monitoring programmes.

6.1.2 Summary of temporal trends of POPs levelsha region

Background levels of POPs were established in uwargub-regions of Africa, and levels were found
to vary from one period to another for all sitedthAugh the samples collected over a six months
period allowed partial analysis concentrations @IPB, absence of sufficiently long-term regional
monitoring programmes did not allow a comprehensivestigation and evaluation of temporal trends of
POPs in the region that would address influenceliofatological and metrological factors as well as
human activities.

MONET-Africa project also served the purpose of tapacity building in the African continent.
Educational and training activities included intgranal summer school for the project participants.
Parallel samples were also collected at most ofkites for development of the methods and quality
control in local laboratories.
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6.1.3 Summary of Langrange transport

Preliminary analysis of back trajectories was cateld using the asamples collected over a six months
period, from 15 countries in the regithmat participated in MONET Africa pilot project itgmented in
2008. The patterns of monthly trajectories varieanf one country to another, and while in some atesit
the trajectories seemed to be quite consistent theewhole sampling period, in others the patteared
greatly between individual sampling months.

Considering the fact that back trajectories onljicate the source areas for background sites, andot
serve the purpose of source identification in imdaisor residential areas with strong local enussi
sources, the short period of sampling could natvalcomprehensive evaluation of the influence of
longrange transnport on the levels of POPs in #gion. In addition, more information on local
climatology and meteorology is needed to analyzeectly the relationship between the variabilitytoé
atmospheric POPs and the back trajectories.

6.1.4. Summary of gaps in data coverage and reseameeded for capacity enhancement

6.1.4.1 Summary of gaps in data coverage

Most of the core media POPs monitoring data wetaioéd through the strategic data collection atitisi
established in 2008. In this regard, quantitatieengarisons of the levels across countries were very
difficult, due to lack of adequate data and thempleteness, and the short period for samplinyities.
Generally, the region lacks long-term establishednitoring programs with good regional spatial
representation to comprehensively address spasiaibadition, the temporal trends in concentratidoag-
range transport.

In this regard, the following were identified asylaata gaps: inadequate milk data for some sulpnegi
lack of systematic monitoring of POPs in the comdia (ambient air and human milk or blood); lack of
data on PCDD/PCDF; and very limited data on PCBs.

6.1.4.2. Resources needed for capacity enhancemeeds

In order to address the existing data gaps, caphaeitding for POPs monitoring remains of a higfopty

for most of the countries and the region at lafmjeese include: building human capacity to analys# a
manage POPs, support for dedicated regional ladr@atwith necessary high resolution equipment for
analysis of all POPs compounds; support for redi@mproach to POPs monitoring by establishing
regional programmes with standardized protocolsd&iermination of POPs in core media and non core
media; provision of basic consumables and equipntenational laboratories to support their invohestn

in regional programmes; involvement of nationalioagl institutions in proficiency testing and updirag
their performances in POPs analysis; promotingegfianal data sharing and storage; support sample
banking for future evaluations; and strengtheniogumunication among the regional organization groups
and focal points through Chemical Information ExuipaNetwork (CIEN) and similar efforts.

6.1.5. Summary of ongoing programmes/Activitiestire region

Africa region collaborated with the following pr@gnmes and strategic partners to obtain data on core
media: MONET-Africa project coordinated by RECETQ@3zech Republic)Global Atmospheric Passive
Sampling(GAPS) programme coordinated by Environment Carfadambientair data, and the World
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Health Organization (WHO) for human milk data. Ténasrategic partners have consolidated expertise in
their respective areas for sampling, analysis, iatetpretation of results in accordance wilie criteria
contained in the Implementation Plan for the Hiffectiveness Evaluation

Of the three programmes, GAPS monitoring is ongairg few countries, whereas MONET Africa project
virtually stopped after the six months in most bé tcountries. On the other hand, although WHO is
conducting analysis of the human milk samples ct#léin 2008, the surveys are periodic in natund, a
break in samples collection is expected temporaniiyl the next round of survey. In this regaftgre is
urgent need for support to enable continuation @®NET Africa monitoring programme; widen the
coverage of GAPS monitoring activities in the regiand facilitate parties to participate in the trrexinds

of WHO human milk surveys.

In addition, some academic and research institgitisithin the region, have ongoing research ac#siti
mainly covering other media, and only addressiegcitre midia to a limited extent.

6.1.6 Summary of monitoring arrangements for futuedfectiveness evaluation.

Based on the lessons learnt from the First Effeciés Evaluation, future evaluations can be imprdwed

1) maintaining on-going monitoring programmes tpsut generation of baseline data in the region, 2)
maintaining and enhancing regional coverage ok#tablished strategic programmes to provide aditio
data in the core media, 3) continued POPs mongotm produce comparable data to support the
assessment of trends and levels determined inctleencedia, as well as at least one additional nmediti
regional priority, 4) incorporation of candidate rgistent organic pollutants into the monitoring
programmes, 5) enhancing participation of regianatitutions and laboratories through the analydis
parallel samples, 6) facilitation of inter-labonmatccalibration and training activities, 7) estahigy a
regional specimen bank and database for the codkamand 8) strengthening communication network
among the ROG members, the Convention focal paimtisofficial national contacts.

6.2. RECOMMENDATIONS

The following are some important recommendatio@as éine cost effective and will serve as a way fodva

for future monitoring programs. There is a need to:

a) strengthen and widen partnership collaboration MPGand other related activities, to cover more
countries in Africa;

b) provide additional financial support to maintaintaétished GMP activities in the region while
strengthening national and regional laboratories;

c) strengthen the capacity of identified national eeglonal laboratories to conduct POP analyses;

d) establish regional programs for the productionaihdo fill the existing gaps;

e) standardize protocols used in POPs monitoring;

f) strengthen the capacity of existing regional stmeg such as the Stockholm Convention/Basel
Regional Centres;

g) form National Task Forces on GMP, comprising of cBtmim Convention Focal Points,
representatives from WHO, FAO, Nutrition Agenciésstitutions, and other concerned bodies as a
cost effective approach;

h) involve regional structures such as NEPAD and astldealing with environmental and health issues in
the GMP Project implementation;

i) incorporate regional approaches to the manageméntazardous chemicals in relation to
environmental and health issues on the continent;
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)
K)
1)

maintain the GMP activities over a longer periodasdo determine long range transport and temporal
trends of POP levels in the region;

strengthen national and regional programs to ircR@P monitoring;

mainstream chemical management, such as POP mnogjtonto the national and regional
development agenda;

Forge close links with programs with more or legsilar objectives such as the Regionally Based
Assessment of PTS;

Potential partners for follow-up activities shouse identified and the best sampling sites for
regional monitoring based on the results of thetitudies;

Intercalibration studies should be organized to mam® and assure the analytical quality of
participating laboratories;

Parallel samples should be analyzed in the labgratithe strategic partner, who is also capable
of providing educational and training support;

Training courses or summer schools focused ondteidterpretation and visualization, statistical
analysis, modeling and geographic information systhould be organized with support to
regional centers in Africa in cooperation with #teategic partners.
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Table A 1: Signatory or Party countries to the Stockholm Cotiea as of 03/08/2008

Entry# COUNTRY NIP TRANSMITTED SIGNATORIES PARTIES
(Between 2006-2008)

01 Algeria X X X
02 Angola — — X
03 Benin — X X
03 Botswana — — X
04 Burkina Faso X X X
05 Burundi X X X
06 Cameroon — X —
07 Cape Verde — — X
08 Central African Republic — X —
09 Chad X X X
10 Comoros X X X
11 Congo X X X
12 Cote d’lvoire X X X
13 DRC — — X
14 Djibouti X — X
15 Egypt X X X
16 Eritrea — — X
17 Ethiopia X X X
18 Gabon — X X
19 Gambia — X X
20 Ghana X X X
21 Guinea Bissau X

22 Guinea X —
23 Kenya X X X
24 Lesotho X
25 Liberia — — X
26 Libya — — X
27 Madagascar — X X
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28 Malawi

29 Mali

30 Mauritania
31 Mauritius

32 Morocco

33 Mozambique
34 Namibia

35 Niger

36 Nigeria

37 Rwanda

38 Saint Tome & Principe
39 Senegal

40 Seychelles
41 Sierra Leone
42 South Africa
43 Sudan

44 Swaziland
45 Togo

46 Tunisia

47 Tanzania

48 Uganda

49 Zambia

50 Zimbabwe

SC Stockholm Convention
X Act effected

Act not effected

woA A | = ™ s

“oH K s
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Table A 2: Chemicals in Annex A of the Stockholm Convention

Chemica Activity Specific exemptio
Aldrin* Productior None
CAS No: 309-00-2 Use Local ectoparasiticic

Insecticide
Chlordane Production As allowed for the Parties listed in
CAS No: 57-74-9 Register

Local ectoparasiticic

Insecticide

Termiticide

Termiticide in buildings and dams

Termiticide in roads

Additive in plywood adhesives
Dieldrin* Production None
CAS No: 60-57-1 Use In agricultural operatiot
Endrin* Production None
CAS No: 72-20-8 Use None
Heptachlor Production None
CAS No: 76-44-8 Use Termiticide

Termiticide in structures of houses

Termiticide (subterranean)

Wood treatment

In use in underground cable boxes
Hexachlorobenzel Production As allowed for the Parties listed in
CAS No: 118-74-1 Register

Use Intermediat

Solvent in pesticide

Closed system site limited intermediate
Mirex* Production As allowed for the Parties listed ihe
CAS No: 2385-85-5 Register

Use Termiticide

Toxaphene Production None
CAS No: 8001-35-2 Use None
Polychlorinate Production None
Biphenyls (PCB)* Use Articles in use in accordance with

provisions of Part Il of this Annex

117




Table A 3: Chemicals in Annex B of the Stockholm Convention

Chemica Activity Acceptable purpo:

or specific exemption
DDT Productiol Acceptable purpos
(1,1,1-trichloro-2,2- Disease vector control use in accordance
bis(4- with Part Il of this Annex
chlorophenyl)ethane) Specific exemption:
CAS No: 50-29-3 Intermediate in production of dicofol

Intermediate

Use Acceptable purpos

Disease vector control in accordance
with Part Il of this Annex

Specific exemption:

Production of dicofol Intermediate

Table A 4: Chemicals in Annex C of the Stockholm Convention

Chemica

Polychlorinated dibenzo-p-dioxins and dibenzofur@dSDD/PCDF)
Hexachlorobenzene (HCB) (CAS No: 118-74-1)
Polychlorinated biphenyls (PCB)
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Figure B 1: Sub-regions of Africa Continent (Source: UNEP, 26)02

120



Africa

Abidjar,  Aecra

Equatar . %"

Luanda
Atlantic Oceaan )
N

eI Ttananarivo
0 800 Miles .

[n] 500 Kilo meters

Cape Town®
[ Tropical wet [ subtropical dry surmmer
[ Tropical wet and dry [ Humnidd subtropical
[ Semiarid [ Humid oeeanic
] besert [ Highland

Figure B 2: Africa Climate Map (Sourcewww.worldbook.com/.../climates/african_climate 15/03/2009)
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Table C 1. Tamplate used for collection of human milk POPsdat

COUNTRY NAME

NAME OF CONTACT PERSON
INSTITUTION

ADDRESS

TELEPHONE

EMAIL

d POPs levels
s excel sheet) —

Template form for reporting data on human milk/bloo
— for each data sets use a separate form (copy thi

Matrix: HUMAN MILK HUMAN BLOOD

Within which activities were samples collected and analysed:
Sampling site:

Is the site highly contaminated with some of the POPs?
Samples collected in years:
Pooled sample: NO
Number of donors: Percentage of males [%]:

Average age of the donors: The lowest age in this data set:
Percentage of the donors consuming predominantly local eggs/milk/meat/fish/plants:

NO YES

YES If yes, how many samples were pooled:

Explanatory notes (for more detais

see "Notes" sheet):

— Fillin coloured cells

— Delete HUMAN MILK or HUMAN BLOOD, YES or NO, etc.

— If no information is available (incl concentrations) leave particular cells void
— If a congener was present below the LOD (e.g. 0.5) insert <0.5

The highest age in this data set:
Percentage of smokers:

Analyses performed by HRGC hyphenated with: ECD HRMS LRMS LRMS-MS
Were QA/QC procedures applied for sampling and analysis: YES NO
Lipid determination:
Concentration [ng/g lipid]
Sample Chlordane group DDT group Heptachlor group
No Chlordane Nonachlor
(Code) Aldrin e | wane. e rane. ch\g:dye;ne Dieldrin aa- | aa- | aa | 24 24- | 5 w000 Endrin HCB Heptachior Hzg;a;cizlleur Mirex
DDT | DDE | DDD DDT DDE '
1
2
3
4
5
Concentration [pg/g lipid]
Toxaphene Indicator PCBs Dioxin-like PCBs
#26 | #50 | #62 #28 | #52 | #101 | #138 |#153| #180 #17 | #81 | #105 | #114 | #118 | #123 | #126 | #156 |#157 |#167|#169| #189
1
2
3
4
5
Concentration [pg/g lipid]
PCDDs PCDFs
23787TCDD| 12378- |123478- 123678-|123789- 1234678~ |OCDD 2378—|1237B- 23478-|123478-|123678— 234678- | 123789- |1234678-| 1234789~ | OCDF
PeCDD | HXCDD | HxCDD | HxCDD | HpCDD TCDF | PeCDF |PeCDF| HXCDF | HXCDF HxCDF HxCDF HpCDF HpCDF
1
2
3
4
5
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Table C 2: Tamplate used for collection of ambient air PORa da

COUNTRY NAME

NAME OF CONTACT PERSON
INSTITUTION

ADDRESS

TELEPHONE

EMAIL

Template form for reporting data on ambient air POP s levels
— for each data sets use a separate form (copy thi

Matrix: ACTIVE SAMPLING PASIVE SAMPLING
Within which activities were samples collected and analysed:
Sampling site:

s excel sheet) —

Explanatory notes (for more detais see "Notes" shee

t):

—Fillin coloured cells

— Delete ACTIVE or PASSIVE SAMPLING, YES or NO, etc.

— If no information is available (incl concentrations) leave particular cells void
— If a congener was present below the LOD (e.g. 0.5) insert <0.5

Is the site highly contaminated with some of the POPs? NO YES
Samples collected in years:
Site localisation and description:
Analyses performed by HRGC hyphenated with: ECD HRMS LRMS LRMS-MS
Were QA/QC procedures applied for sampling and analysis: YES NO
Concentration [ng/m3 or ngffilter]
Sample Chlordane group
DDT group
(C’\:J(;é) Aldrin Chiordane Nonachior oxy-  |Dieldrin T aa T a7 7 =7 Endrin HCB Heptachlor Heptachlor | Mirex
is- - is- - | chlordane o o o il l . epoxide
cis trans cis trans. DDT| DDE | DDD| DDT | DDE | 2,4-DDD P | |
1
2
3
4
5
Concentration [ng/m3 or ngffilter]
Toxaphene Indicator PCBs Dioxin-like PCBs
#26 | #50 | #62 #28 | #52 | #1001 | #138 | #153] #180 | #77 | #81 | #105 | #114 | #118 | #123 | #126 | #156 | #157 | #167] #169] #189
1
2
3
4
5
Concentration [ng/m3 or ng/filter]
PCDDs PCDFs
2378-TCDD 12378- | 123478-| 123678- [ 123789-| 1234678- ocoD 2378-| 12378-| 23478-|123478-( 123678-| 234678- 123789- | 1234678-| 1234789- OCDE
PeCDD | HXxCDD | HxCDD | HxCDD | HpCDD TCDF| PeCDF|PeCDF| HXCDF | HXCDF HXCDF HXCDF HpCDF HpCDF
1
2
3
4
5
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Table C 3. Summary of responses received on existing capfmitynalysis of POPs

POPs lab Dioxin lab Air sampling | Provide Assistance
Country capacity capacity capacity
strengthenin
g QA/QC
Congo (Rep. of) No POPs
Egypt X X in food Need
samplers
Would like to
start
Ethiopia X-OCPs, pas
Ghana X-OCPs, Air quality
PCBs monitoring
Kenya X- OCPs Need X X
PCBs samplers
Would like to
start
Mali X-OCPs
Mauritius X- OCPs HV?
PCBs
Morocco X-OCPs
PCBs
Mozambique
Nigeria X-OCPs, pas
PCBs
Senegal X-OCP,
PCBs
Sierra Leone x-OCP
dormant
South Africa X-OCPs limited Pas, HV
PCBs
Sudan X-OCPs
Tanzania X-OCPs, Pas &HV No QA/QC | Sampling and
PCBs for POPs testing of
OCPs and
PCBs
Togo X OCP, PCBs Accredited
labs could
Uganda X-OCPs, Pas
PCBs
Zambia X-OCPs, Pas
PCBs
Gambia Pas
Tunisia X-OCPs,
PCBs
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Table C 4: Summary of national monitoring activities in thgin

Country Background Human Note Period
air
HV | PAS | Blood Milk
Congo (Rep. No laboratory for POPs analysis
of)
Egypt X Milk data and blood data are availaiéma | 3rd WHO
for 2006
Ethiopia x-1990 | Milk
Ghana X Milk and blood data from research,
OCP residues in food, agriculture, products,
soil, fish
Kenya X water, sediments, vegetation, fish, soits, | Milk only research
bivalves based 1986, 1992
and 2004
Mali OCP residues in food, soil, water
Mauritius OCP residues in agricultural produfith,
water soil
Morocco
Mozambique Water, fish, soil,
Nigeria x-old OCPs in Food, soil, water, fish IMilata from
1986
Senegal Water, soil, vegetables, food; SOP and
QA/QC
Sierra Leone Organochlorines in fish and sisélifrom a
study 1985-1988( also Ghana and Nigeria|
South Africa X X X Human samples from specificeash (also
reference samples from clean regions)
GAPS passive sampling, soil, sediments,
€ggs,
Sudan X- Residues in food, soil, agricultural products
1996
Tanzania Has capacity for air sampling ;POPs in
water, soil fish
Togo Water, soil and sediments and plants as
research work ( 2005)
Uganda X x-1996 | Some research sampling and asalfys
human media 2005; food, soil, sediment
Zambia
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Table C 5: TORs for Consultants who drafted the regional P@Bsitoring report

pal

o3

1%

he

a

ntal
aps

he
for

nd

al

A) | Terms Description
1 [The consultant will compilell the readily available POPs data and the supph¢ang data generated fro
the Africa region, conduct necessary statisticahlygis and present the data in appropriate fo
recommended for the Global monitoring report foriéd region
2 The consultant will draft the Global monitoringport for the Africa region in the manner recomneszh
by the Stockholm secretariat: Specifically the regbould include the following components:

< Introduction covering the objectives of Article 6 the Stockholm Convention and of the Glo
Monitoring Plan (GMP).

« Description of the Africa region covering overatingposition of the region, political, geographic
links to POPs, industrial activities, agriculturedaregional boundaries.

e Description of the organizational arrangements madethe Africa region to facilitate th
implementation of GMP

e Description of the methodology for sampling, anamlysand handling of data used in t
implementation of GMP in Africa region.

e Description of the arrangements made to overseaptdgaration of the monitoring report in Afric
region.

« Description of the results of the substances ineixes A, B and C of the Stockholm Convention and
description of the historical and current souraegjional considerations, trends in environmer
levels reported elsewhere; identification of daapggand capacity development needs to fill the;g
review of levels and trends to support subsequiéstterzeness evaluations.

« Summary of findings of the GMP in Africa Region piding a clear and concise synopsis of
results of the Global POPs Monitoring Programmédoused by the Conference of the Parties
effectiveness evaluation of the Stockholm conventio

« References to the literature covered in the prejoaraf the report.

3 [The coisultant will circulate the first draft of the GMRport for Africa region to the ROG members 3
parties for comments and endorsement accordirfietagreed time pla

4 [The consultant will effect the necessary correciorade by the ROG members i¢he parties to the dra
report and submit the final report to the Universihd the ROG members for publication accordinth&
agreed time plan and the format recommended bySthekholm Secretariat for the Global Monitor
Report for Africa Region

5 [The consultant will offer necessary advice to tli@3® and participate in the ROG workshop(s) to itatd
the drafting of the Global monitoring report forrisf region.

B) | Work plan and time table

1 All readily available data and informationmpiled by:March 2008&.
Supplementary monitoring activities are performad additional monitoring data is made availabléhie
drafting team upon becoming available. Placeholtteisclude additional data to be k

2 [Electronic template to facilitaharmonized drafting of the report is availabBpril 2008

3 [The first draft ready for discussion with the RO@mbers June 200¢

4 |Circulation of the draft regional monitoring reptotthe ROGs and patrties for review and commeJuly
200¢

5 [Correction of the first draft, implementation of the corents and circulation of the final region
monitoring report for endorsement by partiAugust 2008

6 [Publication of the final regional monitoring repcSeptember 200

7 [Submission of the final rort to the Secretariat: T8ctober 200¢
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Table D 1. MONET Africa project organization, work plan andnié frame

A)

project work plan and time frame (Project duration: January 2008 — December
2008

Selection of the participating countries and tragnof the local personnel — a workshop
Nairobi, Kenya: November, 2007.

Selection of the sampling sites: November-Decen@97.

wiN

Distribution of the samplers, filters, sampling foaols, and standard operational
procedures: December, 2007.

Beginning of the sampling campaign: January, 2008.

Frequency and duration of the sampling campaigargpling periods, 28 days each.

o0~

Number of sites: 5 per country in Mali and Kenyan Zhana, 3 in the South Africa, one
per country in all the others. 50 sampling sitethanCzech Republic serves as a reference
region.

\'

Termination of the sampling campaign: August, 2008.

(o]

Transport of the air and soil samples to Brnot finsee months - April, 2008, second
three months — July, 2008.

Sample preparation and analysis (for polycyclicnatc hydrocarbons, chlorinated
pesticides, polychlorinated biphenyls and polydhiated dibenzgp-dioxins and furans);
April-August, 2008.

10

Data evaluation and interpretation, final repoctiestific papers, web presentation| —
September-December, 2008.

11

First presentation of the project results: Diox@0&, Birmingham.

12

Selection of the background sites in the Africagiog suitable for continuous monitoring,
establishment of the regional background netwodki92

13

Design of the local monitoring projects if needéethnical support, transfer of know-
how: 2009.

B)

Project management structure:

Project managers Ivan Holoubek, Jana Klanova

Passive air sampler.Jiii Kohoutek

Sample preparation: lvana Poladkova, Eva Kréj

Sample analysisJana Klanova, Radovan Kares§, Petiiayova

PCDDs/Fs analysisTomas Tom3ej, Tomas Ocelka

QA/QC Manager: Romana Kostrhounova

Data processing and visualizatior PavelCupr, Jana Bdivkova, Alice Dvorska

O IN|O|OTPAWIN|F

Scientific advisors Kevin C. Jones (Lancaster University), Tom Harner
(Environment Canada)

129



Table D 2:List of MONET Africa project participants and theontacts

County

Institution

Contact person

E-mail

Czech Republic

RECETOX , Masaryk
University Brno

Ivan Holoubek
Jana Klanova

holoubek@recetox.muni.cz
klanova@recetox.muni.cz

Kenya Department of Chemisty, Vincent O. Madadi vmadadi@uonbi.ac.ke
University of Nairobi, P. O. madadivin2002@yahoo.com

Congo CRCRT Jean de Dieu Nzila | jddnzila@yahoo.fr

(Republic of) BP 177 Brazzaville, Congo | Urbain Gampio muga68@yahoo.fr

Egypt Egyptian Environmental Mohammed Ismail mis641@hotmail.com
Affairs Agency (EEAA), Ibrahim
Ministrv of State of

Ethiopia Federal Environmental Habtamu Wodajo habwodajo@yahoo.com
Protection Authority Mohammed Ali epol@ethionet.et

Ghana Environmental Protection Sam Adu-Kumi, adukumisam@yahoo.com,
Agency Principal sakumi@epaghana.org

Mali Laboratoire central vétérinaire Traoré Halimatoy halimatoutraore@yahoo.fr
BP 2295 Koné

Mauritius Department of Environment,| Ram Seenauth rseenauth@mail.gov.mu
Ministry of Environment &

Nigeria Federal Ministry of Stella Uchenna sumojekwu@yahoo.com
Environment, Housing & Mojekwu
lLlrlhan Davunlanman,

Senegal Direction de 'EnvironnementOusmane SOW Ousmane7@aim.com

et des Etablissements Classé
1NE Diin Carnnt DA AL

2S,

Ousmane7@orange.sn

South Africa

School of Environmental
Sciences and Development
(Zoology) North-West

Henk Bouwman

Henk.bouwman@nwu.ac.

Sudan Occupational Hygiene Sitt Nour Hassan sitnour@yahoo.com
Department, Federal Mohamed Hassan
Occunational Healt

Togo Université de Lomé Komla Sanda komsanda@hotmail.com
BP 20131 Lomé Togo Djeri-Alassani bdjeri@hotmail.com

Tunisia International Centre for Ramzi Ben Fred;] unite-cho@citet.nat.tn
Environmental Technologies
CITET. Baulevard de | ead:

Zambia Environmental council of David Kapindula dkapindula@necz.org.zm

Zambia
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Table D3: Description of MONET Africa passive air samplingesiin Africa

SAMPLING CLASSIFICATION COUNTRY CODE LATITUDE LONGITUDE ALTI TUDE
SITE
Prstim de Urban Congo CONO1
Brazaville -4.281250 15.243639 298
Kinshasa, Univ. | Urban DR Congo DRCO1
campus, Faculty
of Science 4.4186111 15.3086111 437
Kinshasa, Univ. | Urban DRCO02
camp., garden 4.4175000 15.3091667 441
Kinshasa, Univ. | Urban DRCO03
camp., library 4.4216667 15.3088889 451
Kinshasa, Univ. | Urban DRC04
camp., paris 4.421666 15.31(000C 45C
Kinshasa, Univ. | Urban DRCO05
camp., ERAIFT 4.4166667 15.3127778 412
Kinshasa, Univ. | Urban DRCO06
camp., ISTM 4.4102778 15.3066667 368
Kinshasa, Univ. | Urban DRCO7
camp., UNIKIN 4.4066667 15.3019444 442
Kinshasa, Univ. | Urban DRCO08
camp., GSM/ 4.420277: 15.307777 40€
Cairo Urban industrial Egypt EGY 01 30.071142 35089 50
Asela Urban background Ethiopia ETH 01 7.950000 1B8667 2372
Kwabenya Urban background Ghana GHA 01 5.676389 186667 76
East Legon Urban background GHA 02 5.651944 -0.6741 77
Mt. Kenya Mountain background|  Kenya KEN 01 -0.03000 37.220000 3678
Kabete Urban backgrour KEN 02 -1.24944. 36.74250 1841
Kitengela Obsolate pesticide KEN 03
dumpsite -1.444549 36.988564 1525
Industrial sit Industria KEN 04 -1.30657: 36.87492. 162
Dandora Municipal wastg KEN 05
dumpsite -1.243074 36.90616¢ 1625
Tombouctou Urban background Mali MALO1
16.731083 -2.997861 200
Bamako Centre Urban, MALO2
waste dumping site 12.630000 -8.02200 335
Bamako Int. Suburban background MALO3
airpori savan 12.53333 -7.950001( 36€
Koutiala Agricultural, MALO4
cottom growing region 12.383333 -5.466661 366
Niono Agricultural, basin of] MALO5
Niger river 14.283333 -5.13333 295
Reduit Background Mauritius MAU 01 -20.233203 58492 310
Sheda Agricultural Nigeria NIG 01 8.881000 7.062167 229
Dakar Urban industrial Senegal SEN 01 -25.883833 .888333 1001
Molopo Nature Background South Africa| SAF
reservi -26.53333: 25.60000! 136¢€
Barberspa Backgroun SUF 02 -26.71666' 27.88333 1454
Vanderbijl Park Industrial SUF 03 -25.450100 29 BE3 1594
Khartum Urban industrial Sudan SUD 01
background 15.564167 32.513639 390
Koumakonda Agricultural Togo TOGO01
background 6.950000 0.616667 576
Tunis Urban background Tunisia TUN 01 36.839378 219333 3
Lusaka IA Urban background Zambia ZAM 01 -15.316667 28.450000 1150
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Table E 1.Air concentrations (pg/f) of OCPs, PCBs in 2005 using PUF-disk samplers

Period SiteID HEPT HEPX TC CcC TN Dieldrin ppDDE ppDDT PCBs#
AFO1  BpL BDL BDL BDL BDL 37 BDL BDL 35
Periodl AF02 Na NA NA NA NA NA NA NA NA
AF03  BpL BDL BDL BDL BDL BDL 2 BDL BDL
AF04  BpL BDL 0.3 0.3 BDL BDL BDL BDL 252
AFO1  BpL BDL BDL BDL BDL BDL BDL - 63
Period2 AF02 pgpL BDL 5 4 2 141 BDL - BDL
AF03  BpL BDL 0.5 0.6 0.4 BDL 43.8 - BDL
AF04  BpL BDL 1.4 1.3 1.3 16.1 16.4 - 50
AFO01  BpL BDL BDL BDL BDL 24 BDL - 62
Period3 AF02 Na NA NA NA NA NA NA NA NA
AF03  NA NA NA NA NA NA NA NA NA
AF04  BpL BDL 022 059 011 BDL BDL - BDL
AFO1  NA NA NA NA NA NA NA NA NA
Period4 AF02 Na NA NA NA NA NA NA NA NA
AF03  BpL BDL BDL BDL BDL BDL BDL - BDL
AF04  NA NA NA NA NA NA NA NA NA
MDL 01 0.1 0.1 0.4 0.2 0.14 0.1 0.5 0.12

# Sum of 48 PCB congeners
#+ Sum of PBDE-47, 99, 100
NA = PUF disk not deployed during the period/sampbt available
MDL = method detection limit (pg/Hh
BDL = below detection limit
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Table E 2: Length of sampling in days and amounts of seleatgednochlorine pesticides sequestered in XAD-b&%4 in ng/PAS

Year Site ID Days HEPT HEPX TC CC TN Dieldrin ppDDE ppDDT
AFO1 365 ND ND 0.1 ND ND ND ND ND
2005 AFO3 345 ND ND 0.3 0.3 0.1 ND 8.1 ND
AFO4 389 ND ND 0.2 0.2 0.2 ND ND ND
MDL 0.2 0.1 0.04 006 009 05 0.3 0.3
AFO1 365 ND ND 0.1 ND ND ND ND ND
2006 AFO3 482 ND ND 0.1 0.1 0.1 ND ND ND
AFO4 364 5.8 ND 0.2 0.1 0.1 ND ND ND
AFO5 398 1.3 ND 0.3 0.4 0.3 ND ND ND
MDL 0.4 0.4 0.03 007 004 09 - -

BMDL = below method of detection limit
ND = not detected
MDL = method of detection limit (ng/PAS)
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Table E 3: Length of sampling in days and amounts of selestgdnochlorine pesticides sequestered in XAD-b&#%8l in pg/m.

Year« SitelD Days HEPT HEPX TC CC TN Dieldrin ppDDE ppDDT

AFO1 365 ND ND 0.3 ND ND ND ND ND
2005 AFO3 345 ND ND 0.9 0.9 0.3 ND 24 ND
AF04 389 ND ND 0.5 0.5 0.5 ND ND ND
MDL 0.6 0.3 0.1 0.2 0.3 1.2 0.9 0.9
AFO1 365 ND ND 0.3 ND ND ND ND ND
2006  AFO3 482 ND ND 0.2 0.2 0.2 ND ND ND
AFO4 364 16 ND 0.5 0.3 0.3 ND ND ND
AFO5 398 3.3 ND 0.8 1.0 0.8 ND ND ND
MDL 11 11 0.08 0.2 0.1 2.5 - -

BMDL = below method of detection limit
ND = not detected
MDL = method of detection limit (pg/i
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Table E 4: Temporal variations of PCB and OCP concentratiarthé ambient air (ng filté) at the
sampling site in Congo (ex-site ORSTOM de Braziayil

CONGO - Orstom de Brazzaville
Concentration ngffilter

Sample code CON 01 A 01 CON 01 A 02 CON 01 A 03 CON 01 A 06 CON 01 A 07 CON 01 A 08

Collection date 11.1.-11.2.2008 11.2.-11.3.2008 11.3.-8.4.2008 8.4.-6.5.2008 6.5.-3.6.2008 3.6.-1.7.2008

PCB 28 45 2.1 1.7 1.2 1.5 1.0
PCB 52 3.0 2.2 2.5 2.0 2.0 0.8
PCB 101 2.2 2.8 1.2 0.8 0.6 0.7
PCB 118 1.0 1.5 0.3 0.3 0.2 0.5
PCB 153 2.6 2.3 2.3 1.3 1.3 1.0
PCB 138 1.5 2.3 14 0.7 0.6 0.9
PCB 180 1.3 1.6 0.5 0.5 0.6 2.4
Sum of PCB 16.2 14.7 9.8 6.8 6.8 7.3
alpha-HCH 4.4 1.2 1.6 4.3 4.2 4.2
beta-HCH 0.7 1.4 0.9 1.8 2.3 2.7
gamma-HCH 9.7 11.6 7.6 7.8 6.2 39
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 14.7 14.2 10.1 13.9 12.7 10.9
o,p-DDE 0.7 0.8 0.3 0.5 1.0 0.3
p,p'-DDE 10.1 111 6.0 5.8 4.9 39
0,p'-DDD 0.4 0.7 0.3 0.6 0.7 0.6
p,p'-DDD 1.6 2.2 1.4 1.6 0.9 0.9
o,p-DDT 4.6 4.3 2.3 1.3 1.0 0.6
p,p-DDT 7.2 8.7 4.1 4.4 3.5 2.6
Sum of DDT 24.5 27.7 14.3 14.2 12.0 8.9
PeCB 0.7 1.0 1.0 0.3 0.6 1.7
HCB 15 1.7 1.9 1.0 1.9 2.5

Table E 5: Temporal variations of PCB and OCP concentratiarthé ambient air (ng filté) at the
sampling sites in Democratic Republic of Congo,dkiasa

DEMOCRATIC REPUBLIC OF THE CONGO - Kinshasa
Concentration ng/filter
Sampling site DRC Kinshasa DRC_ Kinshasa DRC Kiﬁshasa DRC Kinshasa DRC Kirr_]shasa DRC Kinshasa DRC Kipshasa DRC Kinshasa
Faculty library parish garden Eraift ISTM traffic GSMA
Collection date 1.4.-28.4.2008 1.4.-28.4.2008 1.4.-28.4.2008 1.4.-28.4.2008 21.5.-19.6.2008 21.5.-19.6.2008 21.5.-19.6.2008 21.5.-19.6.2008
PCB 28 3.4 35 3.7 4.0 2.3 1.8 4.2 2.7
PCB 52 11.7 7.1 4.9 7.8 5.9 3.8 19.3 4.8
PCB 101 9.1 6.3 3.9 6.1 4.2 4.2 18.9 4.2
PCB 118 5.1 3.4 2.8 3.7 3.6 2.8 12.0 3.0
PCB 153 5.3 4.4 3.9 4.2 4.3 5.5 19.3 5.8
PCB 138 3.8 4.6 2.4 2.6 35 4.4 17.7 4.6
PCB 180 2.4 2.1 15 1.9 3.0 4.9 10.9 5.5
Sum of PCB 40.9 314 23.1 30.2 26.8 27.4 102.2 30.6
alpha-HCH 25 15 <LOQ <LOQ 2.9 2.1 <LOQ <LOQ
beta-HCH <LOQ 3.4 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 7.5 10.2 14.4 10.3 10.1 12.0 6.5 15.7
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 10.0 15.2 14.4 10.3 13.0 14.1 6.5 15.7
o,p'-DDE 14 2.2 2.2 2.6 0.6 0.9 0.8 13
p,p'-DDE 25.5 23.1 15.3 22.1 9.7 8.9 7.9 11.5
o,p'-DDD 2.1 3.1 1.3 2.4 0.8 <LOQ <LOQ 11
p,p'-DDD 7.9 7.0 4.5 7.7 3.0 2.6 2.7 3.8
0,p'-DDT 9.3 7.7 3.7 6.3 2.2 1.9 1.9 4.3
p,p'-DDT 39.3 24.1 11.9 275 5.9 7.2 6.1 12.0
Sum of DDT 85.6 67.1 38.9 68.6 22.1 21.6 19.4 34.04
PeCB <LOQ 0.3 <LOQ 0.2 0.8 0.6 0.6 0.3
HCB 1.0 1.4 2.3 1.7 1.5 1.9 0.9 2.9
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Table E 6: Temporal variations of PCB and OCP concentratiorthé ambient air (ng filté)

at the urban sampling site in Egypt, Cairo

EGYPT - Cairo
Concentration ng/filter

Sample code EGY 01 A01 EGY 01 A02 EGY 01 A 03 EGY 01 A04 EGY 01 A 05 EGY 01 A 06

Collection date 7.1.-5.2.2008 5.2.-3.3.2008 3.3.-31.3.2008 31.3.-27.4.2008 27.4.-25.5.2008 25.5.-22.6.2008
PCB 28 4.9 7.3 7.1 7.3 8.1 8.3
PCB 52 54 9.1 8.1 7.8 9.9 10.5
PCB 101 3.9 3.9 6.1 6.1 59 5.8
PCB 118 35 3.9 6.6 5.8 6.5 6.0
PCB 153 3.6 3.6 8.2 5.8 6.6 6.4
PCB 138 1.6 2.4 4.8 2.4 4.0 4.8
PCB 180 2.4 2.4 5.3 3.3 3.8 3.3
Sum of PCB 25.3 32.6 46.4 38.3 44.8 45.1
alpha-HCH 235 27.0 31.1 10.9 65.5 57.7
beta-HCH 4.2 5.7 2.7 <LOQ 115 7.9
gamma-HCH 6.3 9.2 18.4 23.7 24.8 31.4
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 34.0 41.8 52.1 34.6 101.7 97.0
o,p-DDE 0.5 1.0 1.0 2.0 3.9 4.5
p,p’-DDE 4.7 6.2 8.2 7.7 17.7 16.6
o,p'-DDD 0.3 0.4 0.4 5.2 25 1.8
p,p’-DDD 0.6 0.9 1.7 8.5 5.7 7.9
o,p-DDT 0.9 0.8 0.9 34.1 8.3 8.7
p,p'-DDT 3.5 4.6 8.6 12.6 19.0 17.4
Sum of DDT 10.6 14.0 20.8 70.1 57.1 57.0
PeCB 33.0 28.6 28.4 16.6 8.9 8.7
HCB 22.7 23.4 21.8 20.0 9.8 9.0

Table E 7: Temporal variations of PCB and OCP concentratiorthé ambient air (ng filté)

at the urban sampling site in Ethiopia, Asela

ETHIOPIA - Asela
Concentration ngffilter

Sample code ETHO1 A 01 ETH 01 A 02 ETHO01A 03 ETH 01 A 04 ETHO01A 05 ETH 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-2.5.2008 2.5.-5.6.2008 5.6.-4.7.2008

PCB 28 0.6 <LOQ 0.3 0.8 0.5 0.4
PCB 52 0.2 0.5 0.4 0.8 0.5 0.8
PCB 101 <LOQ <LOQ <LOQ 0.2 <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ 0.4 <LOQ <LOQ
PCB 153 <LOQ 0.2 0.2 0.2 0.7 0.7
PCB 138 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of PCB 0.8 0.7 0.9 2.3 1.6 1.9
alpha-HCH 1.4 1.1 <LOQ <LOQ <LOQ <LOQ
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 21.9 6.8 0.9 12.8 14.4 38.2
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 23.4 7.8 0.9 12.8 14.4 38.2
o,p'-DDE 2.0 2.7 3.2 3.9 3.9 3.3
p,p'-DDE 125 15.2 175 18.9 23.0 24.4
o,p'-DDD 21 2.0 4.3 3.5 4.0 59
p,p'-DDD 5.2 7.0 115 7.9 8.7 12.9
0,p'-DDT 111 17.8 19.2 17.6 24.3 37.1
p,p'-DDT 28.5 50.4 62.9 56.1 49.3 68.7
Sum of DDT 61.5 95.1 118.6 108.0 113.1 152.4
PeCB 1.1 1.5 1.1 0.7 1.1 <LOQ
HCB 4.1 3.4 2.8 2.9 2.8 3.2
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Table E 8: Temporal variations of PCB and OCP concentratiorthé ambient air (ng filté)
at the sampling site Ghana — Kwabenya

GHANA - Kwabenya
Concentration ng/filter

Sample code GHA01AO01 GHA 01 A 02 GHA 01 A 03 GHA 01 A 04 GHA 01 A 05 GHA 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 1.0 11 11 1.0 0.7 0.5
PCB 52 2.7 18 1.6 3.7 2.3 2.7
PCB 101 2.5 1.9 13 2.1 1.9 0.9
PCB 118 1.7 15 13 2.0 21 14
PCB 153 1.9 1.8 15 2.0 1.8 1.8
PCB 138 1.1 1.0 1.2 1.4 0.8 0.8
PCB 180 1.0 0.3 0.4 0.4 0.2 0.2
Sum of PCB 12.0 9.5 8.4 12.6 9.9 8.2
alpha-HCH 1.4 <LOQ 2.5 1.6 2.9 4.5
beta-HCH <LOQ <LOQ 2.3 33 1.9 <LOQ
gamma-HCH 7.3 6.0 4.3 4.0 21 3.3
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 8.7 6.0 9.1 8.9 6.9 7.7
o,p-DDE <LOQ 0.3 <LOQ <LOQ <LOQ 0.5
p.p'-DDE 2.4 2.6 2.4 2.7 2.4 2.0
0,p-DDD 0.3 0.4 <LOQ <LOQ <LOQ <LOQ
p,p-DDD 0.4 1.1 0.4 0.4 1.0 0.7
0,p-DDT 0.7 0.3 <LOQ 0.4 0.4 0.7
p,p-DDT 0.7 1.3 1.4 1.2 1.3 1.8
Sum of DDT 4.4 6.1 4.2 4.7 5.1 5.7
PeCB 1.5 0.9 1.0 0.4 0.3 0.4
HCB 2.6 1.9 1.7 1.9 2.2 1.8

Table E 9: Temporal variations of PCB and OCP concentratiarthé ambient air (ng filté) at the

sampling site Ghana — East Legon

GHANA - East Legon
Concentration ng/filter

Sample code GHA 02 A 01 MAL 02 A 02 MAL 02 A 03 MAL 02 A 04 MAL 02 A 05 MAL 02 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 3.8 11 1.7 1.0 1.0 1.0
PCB 52 2.3 2.7 3.3 17 21 12
PCB 101 1.7 3.9 35 10 1.0 0.4
PCB 118 1.7 2.8 4.2 1.2 1.8 11
PCB 153 21 4.0 3.6 1.4 1.0 1.3
PCB 138 1.8 2.8 2.7 14 1.2 1.2
PCB 180 0.7 1.7 1.2 0.4 0.7 0.6
Sum of PCB 14.1 18.9 20.3 8.1 8.7 6.9
alpha-HCH <LOQ <LOQ 0.6 5.4 8.1 2.6
beta-HCH <LOQ <LOQ <LOQ 1.7 3.2 2.0
gamma-HCH 3.0 7.0 6.4 3.6 6.3 3.8
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 3.0 7.0 7.0 10.7 17.6 8.3
o,p'-DDE 0.2 0.3 0.5 0.4 0.6 1.2
p.p'-DDE 4.1 5.5 6.8 4.2 3.4 4.0
o,p'-DDD 0.6 0.7 0.8 0.7 0.7 0.5
p,p-DDD 0.6 1.9 2.7 1.2 1.2 0.7
o,p-DDT 0.3 1.9 3.2 1.4 0.7 1.4
p,p-DDT 2.1 4.4 6.5 35 1.9 1.7
Sum of DDT 7.9 14.6 20.6 11.5 8.4 9.5
PeCB 1.1 1.1 1.2 <LOQ 0.5 0.5
HCB 2.8 1.3 2.2 1.4 1.2 1.6
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Table E 10: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at

the background sampling site Kenya — Mt. Kenya

KENYA - Mt. Kenya
Concentration ngffilter

Sample code KEN 01 A 01 KEN 01 A 02 KEN 01 A 03 KEN 01 A 02 KEN 01 A 03 KEN 01 A 04

Collection date 4.3.-1.4.2008 13.5.-19.6.2008 19.6.-8.7.2008 8.7.-6.8.2008

PCB 28 <LOQ 0.4 0.5 0.4
PCB 52 <LOQ 0.2 0.6 <LOQ
PCB 101 <LOQ <LOQ <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ <LOQ
PCB 153 <LOQ <LOQ 0.6 0.3
PCB 138 <LOQ <LOQ <LOQ <LOQ
PCB 180 <LOQ <LOQ 0.4 0.4
Sum of PCB <LOQ 0.6 2.1 1.1
alpha-HCH 2.6 2.0 9.8 15
beta-HCH <LOQ 21 3.7 0.5
gamma-HCH 3.9 4.0 6.2 2.7
delta-HCH <LOQ <LOQ <LOQ <LOQ
Sum of HCH 6.5 8.1 19.6 4.8
0,p-DDE <LOQ <LOQ <LOQ <LOQ
p,p-DDE 0.6 0.4 1.3 0.4
0,p-DDD <LOQ <LOQ <LOQ <LOQ
p,p-DDD <LOQ <LOQ <LOQ 0.3
0,p-DDT <LOQ <LOQ <LOQ <LOQ
p,p-DDT 0.3 0.9 0.5 1.4
Sum of DDT 0.9 1.3 1.8 2.1
PeCB 1.0 0.5 0.6 0.4
HCB 2.7 2.3 6.0 1.6

Table E 11: Temporal variations of PCB and OCP concentrationthé ambient air (ng filté)

the urban sampling site Kenya — Kabete

KENYA - Kabete
Concentration ngffilter

Sample code KEN 02 A 01 KEN 02 A 02 KEN 02 A 01 KEN 02 A 04 KEN 02 A 05 KEN 02 A 06

Collection date 4.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-3.7.2008 3.7.-8.8.2008

PCB 28 0.5 0.8 0.8 0.3 0.3 0.3
PCB 52 0.3 0.3 1.3 0.4 0.3 <LOQ
PCB 101 <LOQ <LOQ <LOQ 0.5 0.2 0.3
PCB 118 0.3 <LOQ 0.2 0.3 0.3 0.2
PCB 153 0.3 0.4 0.2 0.2 0.6 0.2
PCB 138 <LOQ <LOQ <LOQ 05 0.3 0.2
PCB 180 <LOQ <LOQ <LOQ 0.7 <LOQ 0.8
Sum of PCB 1.3 1.5 2.5 2.8 1.9 2.1
alpha-HCH 1.2 14 0.9 11 2.3 1.3
beta-HCH <LOQ 7.3 <LOQ 14 33 1.4
gamma-HCH 6.8 22.1 3.5 25 2.2 3.3
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 8.0 30.8 4.4 5.1 7.8 6.1
o,p'-DDE 0.5 0.2 0.7 0.3 0.3 0.4
p,p'-DDE 3.9 6.1 4.7 2.7 2.6 0.3
o,p'-DDD 0.3 <LOQ <LOQ 0.4 <LOQ 0.2
p,p'-DDD 0.3 <LOQ 0.3 <LOQ 0.3 0.5
o,p'-DDT 12 1.6 1.6 0.2 0.4 1.1
p,p’-DDT 3.2 45 3.9 0.8 1.3 1.2
Sum of DDT 9.3 12.4 11.1 4.4 4.8 3.5
PeCB 1.2 0.9 0.4 <LOQ 0.2 0.2
HCB 2.3 1.7 1.8 2.3 0.4 0.8
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Table E 12: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the sampling site Kenya — Kitengela

KENYA - Kitengela
Concentration ngffilter

Sample code KEN 03 A 01 KEN 03 A 02 KEN 03 A 03 KEN 03 A 04 KEN 03 A 05 KEN 03 A 06

Collection date 4.2.-4.3.2008 5.3.-1.4.2008 7.5.-6.6.2008 6.6.-4.7.2008 4.7.-11.8.2008

PCB 28 2.1 25 13 0.9 1.4
PCB 52 2.1 1.4 0.7 1.0 1.7
PCB 101 0.4 0.2 0.2 0.6 0.4
PCB 118 0.2 0.9 0.2 1.2 0.4
PCB 153 0.4 0.6 0.4 0.8 0.4
PCB 138 <LOQ <LOQ <LOQ 0.3 <LOQ
PCB 180 <LOQ <LOQ <LOQ 0.2 <LOQ
Sum of PCB 5.2 5.6 2.8 5.0 4.3
alpha-HCH 1788.2 1402.5 584.5 454.6 553.2
beta-HCH 187.2 233.7 154.1 130.7 213.5
gamma-HCH 1289.6 1235.8 496.4 507.8 527.7
delta-HCH 6 042.4 3 656.6 1216.2 846.0 1064.2
Sum of HCH 9307.5 6 528.6 2451.3 1939.1 2 358.6
o,p'-DDE 383.5 681.6 125.4 116.3 152.6
p,p'-DDE 1327.7 2653.7 931.3 925.0 1102.7
o,p'-DDD 60.0 117.5 41.4 40.2 19.1
p,p'-DDD 72.4 154.1 56.6 51.4 79.1
o,p'-DDT 941.2 1837.1 420.7 351.2 509.9
p,p'-DDT 1319.6 3525.8 693.0 485.8 721.0
Sum of DDT 4104.4 8 969.9 2 268.4 1969.8 2584.4
PeCB 6.6 13.8 9.9 13.3 114
HCB 3.7 5.4 6.0 5.1 5.6

Table E 13: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the sampling site Kenya — Industrial area

KENYA - Industrial site
Concentration ngffilter

Sample code KEN 04 A 01 KEN 04 A 02 KEN 04 A 03 KEN 04 A 04 KEN 04 A 05 KEN 04 A 06

Collection date 3.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-4.7.2008 4.7.-8.8.2008

PCB 28 3.6 48.1 12.7 6.4 5.0 8.0
PCB 52 3.1 14.7 7.0 11.0 6.9 8.5
PCB 101 15 2.8 3.5 15.3 5.7 3.0
PCB 118 1.3 1.7 2.8 12.6 9.9 4.6
PCB 153 1.1 2.0 1.9 8.3 4.0 1.9
PCB 138 0.8 15 1.6 6.9 7.6 1.1
PCB 180 0.2 0.5 0.5 2.4 3.0 0.6
Sum of PCB 11.7 71.3 29.9 62.8 42.1 27.8
alpha-HCH 35 <LOQ 2.2 0.4 0.3 <LOQ
beta-HCH <LOQ <LOQ 1.1 <LOQ 0.4 0.2
gamma-HCH 11.9 185 10.8 1.8 1.1 1.4
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 15.5 18.5 14.0 2.2 1.8 1.5
o,p'-DDE 1.8 2.1 1.9 0.3 0.2 0.2
p,p'-DDE 43.5 69.0 54.4 16.6 8.9 19.7
o,p'-DDD <LOQ 1.1 1.2 0.4 0.5 <LOQ
p,p'-DDD 3.0 3.0 2.0 1.0 0.7 0.7
0,p'-DDT 4.5 5.2 5.7 0.6 0.4 0.2
p,p'-DDT 15.3 18.3 16.6 8.7 9.0 8.1
Sum of DDT 68.2 98.6 81.7 27.6 19.8 28.9
PeCB 1.9 2.3 2.3 15 3.2 1.7
HCB 3.8 4.5 4.4 3.6 4.6 4.1
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Table E 14: Temporal variations of PCB and OCP concentrationthé ambient air (ng filter-1) at
the sampling site Kenya — Dandora

KENYA - Dandora
Concentration ngffilter

Sample code KEN 05 A 01 KEN 05 A 02 KEN 05 A 03 KEN 05 A 04 KEN 05 A 05 KEN 05 A 06

Collection date 5.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-4.7.2008 4.7.-8.8.2008

PCB 28 8.4 9.2 9.4 10.6 145 9.4
PCB 52 7.7 10.7 7.7 6.7 2.7 4.8
PCB 101 3.8 5.7 1.8 1.2 2.9 3.0
PCB 118 2.2 3.9 1.6 15 15 1.9
PCB 153 2.3 25 0.9 1.0 0.4 1.9
PCB 138 1.7 2.4 0.6 1.0 1.3 2.1
PCB 180 0.9 0.4 0.5 0.3 1.8 1.3
Sum of PCB 27.0 34.7 22.4 22.2 25.1 24.4
alpha-HCH 2.4 <LOQ <LOQ <LOQ 2.6 1.6
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 20.2 171 23.3 1.2 6.9 7.0
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 22.6 17.1 23.3 1.2 9.5 8.6
o,p'-DDE 1.3 1.9 1.7 0.8 0.9 1.1
p,p'-DDE 8.4 10.2 5.1 5.6 3.6 51
o,p'-DDD 4.7 3.9 2.4 1.2 1.8 1.5
p,p'-DDD 104 8.0 4.0 14 2.1 2.9
0,p'-DDT 35 3.2 25 2.4 0.7 1.8
p,p'-DDT 11.0 12.8 4.9 3.3 10.4 3.2
Sum of DDT 39.3 40.1 20.6 14.7 19.5 15.5
PeCB 6.7 3.1 2.6 10.9 13.0 5.4
HCB 4.5 7.3 4.6 9.8 124 8.5

Table E 15: Temporal variations of PCB and OCP concentrationgé ambient air (ng filté)

at

the sampling site Mali — Tomboucutou

MALI - Tombouctou
Concentration ngffilter

Sample code MAL 01 A 01 MAL 01 A 02 MAL 01 A 03 MAL 01 A 04 MAL 01 A 05 MAL 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-11.5.2008 11.5.-8.6.2008 8.6.-5.7.2008

PCB 28 <LOQ <LOQ <LOQ 0.5 0.2 0.3
PCB 52 <LOQ <LOQ 0.2 1.3 <LOQ <LOQ
PCB 101 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ 0.6 <LOQ <LOQ
PCB 153 <LOQ <LOQ <LOQ 0.4 0.4 <LOQ
PCB 138 <LOQ <LOQ <LOQ 0.2 <LOQ <LOQ
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of PCB <LOQ <LOQ 0.2 3.0 0.6 0.3
alpha-HCH 3.3 <LOQ 0.5 2.0 1.2 24
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 1.9 1.6 1.8 <LOQ 3.0 4.8
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 5.2 1.6 2.3 2.0 4.2 7.2
o,p'-DDE <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDE 0.3 <LOQ 0.2 14 11 1.9
o,p'-DDD <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDD <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
0,p'-DDT <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDT 0.7 <LOQ 0.3 1.2 0.6 0.5
Sum of DDT 1.0 <LOQ 0.5 2.6 1.7 2.4
PeCB 15 0.9 0.9 <LOQ <LOQ <LOQ
HCB 4.0 2.0 2.0 3.3 2.2 3.2
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Table E 16: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the sampling site Mali — Bamako centre

MALI - Bamako centre
Concentration ngffilter

Sample code MAL 02 A 01 MAL 02 A 02 MAL 02 A 03 MAL 02 A 04 MAL 02 A 05 MAL 02 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

PCB 28 2.8 35 2.9 3.7 3.3 2.9
PCB 52 2.4 2.4 2.6 4.5 3.3 1.7
PCB 101 1.8 2.3 1.9 4.9 3.9 2.3
PCB 118 1.1 1.4 2.2 35 3.8 1.2
PCB 153 2.8 3.9 3.7 4.7 3.9 6.2
PCB 138 2.4 2.1 2.7 2.7 2.8 3.5
PCB 180 1.6 1.9 2.2 2.1 1.6 2.7
Sum of PCB 14.9 175 18.2 26.1 22.6 20.5
alpha-HCH 2.9 3.1 1.4 10.2 2.3 0.9
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 3.8 135 17.2 34.7 34.8 8.0
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 6.7 16.6 18.5 44.9 37.1 8.9
o,p'-DDE 4.6 6.9 7.9 14.1 15.9 6.0
p,p'-DDE 35.3 45.1 56.3 88.1 91.8 40.6
o,p'-DDD 5.3 6.0 8.3 104 9.6 3.5
p,p'-DDD 5.7 8.1 8.9 10.0 10.3 4.8
0,p'-DDT 5.0 7.7 8.9 13.0 124 9.5
p,p'-DDT 12.7 17.9 20.8 23.9 23.7 19.7
Sum of DDT 68.6 91.7 111.1 159.4 163.8 84.1
PeCB 3.3 1.8 1.4 0.4 0.4 0.3
HCB 4.7 2.8 1.7 2.6 1.4 2.5

Table E 17: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the sampling site Mali - Bamako international artpo

MALI - Bamako airport
Concentration ngffilter

Sample code MAL 03 A 01 MAL 03 A 02 MAL 03 A 03 MAL 03 A 04 MAL 03 A 05 MAL 03 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

PCB 28 0.3 0.4 0.5 31 1.4 1.3
PCB 52 0.3 0.8 0.7 5.8 1.6 15
PCB 101 <LOQ 0.5 0.8 45 1.6 1.3
PCB 118 0.3 0.5 0.2 35 0.6 0.6
PCB 153 14 2.0 24 4.0 45 6.7
PCB 138 0.8 1.2 1.1 2.8 1.8 3.4
PCB 180 0.2 0.7 0.6 1.9 1.6 2.7
Sum of PCB 3.4 6.1 6.3 25.6 13.1 17.4
alpha-HCH 1.3 21 <LOQ 19 1.7 3.7
beta-HCH <LOQ <LOQ <LOQ 2.3 10.5 3.1
gamma-HCH 6.3 5.6 4.6 25.1 12.2 3.6
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 7.5 7.6 4.6 29.3 24.4 10.4
o,p'-DDE <LOQ <LOQ 0.6 16.2 1.8 35
p,p'-DDE 12 6.6 4.6 83.8 11.5 22.8
o,p-DDD 0.4 0.9 0.6 7.4 0.3 25
p,p'-DDD 0.5 22 0.9 7.3 0.2 3.2
o,p-DDT 0.3 1.6 0.8 7.8 <LOQ 3.8
p,p'-DDT 0.4 4.2 2.0 16.9 1.2 7.8
Sum of DDT 2.7 15.5 9.6 139.2 15.1 43.5
PeCB 0.8 1.2 0.6 0.5 <LOQ <LOQ
HCB 2.9 1.9 1.2 2.3 2.2 2.2
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Table E 18: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at

the agricultural sampling site Mali — Koutiala

MALI - Koutiala
Concentration ngffilter

Sample code MAL 04 A 01 MAL 04 A 02 MAL 04 A 03 MAL 04 A 04 MAL 04 A 05 MAL 04 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-7.6.2008 7.6.-5.7.2008

PCB 28 <LOQ 0.5 0.1 0.9 0.6 0.7
PCB 52 <LOQ 0.9 0.2 0.8 0.8 1.0
PCB 101 <LOQ <LOQ <LOQ <LOQ 0.5 <LOQ
PCB 118 <LOQ <LOQ 0.3 0.3 0.4 0.3
PCB 153 1.0 1.2 1.2 0.6 1.3 1.2
PCB 138 0.3 0.5 0.5 0.7 0.9 1.0
PCB 180 0.3 0.3 0.2 0.8 0.6 0.2
Sum of PCB 1.6 3.4 2.6 4.1 5.0 4.5
alpha-HCH <LOQ <LOQ 1.6 <LOQ 15 6.2
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ 2.9
gamma-HCH 3.1 121 9.9 8.4 6.6 8.5
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 3.1 12.1 115 8.4 8.1 17.6
o,p'-DDE 2.8 1.7 1.8 2.6 3.4 6.7
p,p'-DDE 10.9 11.2 10.8 13.0 26.2 44.3
o,p'-DDD 14 1.6 1.9 2.6 1.6 3.6
p,p'-DDD 14 0.8 3.1 2.8 2.4 3.7
0,p'-DDT 1.7 25 3.0 1.6 3.3 49
p,p'-DDT 5.3 5.6 8.2 6.0 7.9 11.0
Sum of DDT 23.6 23.4 28.9 28.7 44.9 74.1
PeCB 15 1.7 0.9 <LOQ 0.2 0.3
HCB 2.6 2.0 1.3 1.8 1.6 2.8

Table E 19: Temporal variations of PCB and OCP concentrationgé ambient air (ng filté)
the agricultural sampling site Mali — Niono

MALI - Niono
Concentration ngffilter

Sample code MAL 05 A 01 MAL 05 A 02 MAL 05 A 03 MAL 05 A 04 MAL 05 A 05 MAL 05 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

PCB 28 0.2 0.4 <LOQ 0.8 0.4 0.7
PCB 52 0.4 0.3 0.2 <LOQ 0.2 0.6
PCB 101 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 153 <LOQ <LOQ <LOQ <LOQ <LOQ 0.7
PCB 138 <LOQ <LOQ <LOQ <LOQ <LOQ 0.5
PCB 180 <LOQ <LOQ 0.1 <LOQ <LOQ <LOQ
Sum of PCB 0.6 0.7 0.4 0.8 0.6 2.5
alpha-HCH 0.7 <LOQ 25 <LOQ 1.3 <LOQ
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 3.7 2.7 1.8 3.3 25 6.9
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 4.4 2.7 4.3 3.3 3.8 6.9
o,p'-DDE 0.3 <LOQ 0.1 0.9 15 2.7
p,p'-DDE 2.3 4.8 3.5 7.5 8.9 17.0
o,p'-DDD 0.2 <LOQ <LOQ <LOQ <LOQ 0.6
p,p'-DDD 0.2 <LOQ <LOQ 0.5 0.9 15
0,p'-DDT 0.4 <LOQ 0.3 0.4 0.6 0.6
p,p'-DDT 0.4 0.5 0.5 4.4 0.9 2.0
Sum of DDT 3.7 5.3 4.5 13.7 12.8 24.4
PeCB 1.1 1.8 0.7 <LOQ <LOQ <LOQ
HCB 3.2 2.0 1.2 0.9 1.1 2.1
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Table E 20:Temporal variations of PCB and OCP concentrationhé ambient air (ng filté) at
the background sampling site in Mauritius

MAURITIUS - Reduit
Concentration ng/filter

Sample code MAUO1A01 MAUO01A02 MAUO1A03 MAU 01 A 04 MAU 01 A 05 MAU 01 A 06

Collection date 7.1.-8.2.08 8.2.-3.3.08 3.3.-31.3.08 31.3.-28.4.2008 28.4.-10.6.2008 10.6.-24.6.2008
PCB 28 0.3 0.3 0.3 0.5 0.4 0.5
PCB 52 0.2 0.8 0.2 0.3 0.6 1.0
PCB 101 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 118 0.2 <LOQ <LOQ 0.2 <LOQ <LOQ
PCB 153 0.2 0.2 <LOQ 0.4 <LOQ 0.5
PCB 138 <LOQ <LOQ <LOQ <LOQ 0.3 1.2
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of PCB 0.9 1.3 0.6 1.4 1.3 3.2
alpha-HCH 0.5 0.7 0.3 <LOQ <LOQ <LOQ
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ 3.9
gamma-HCH 1.6 3.3 3.8 8.9 5.2 115
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 2.1 4.0 4.1 8.9 5.2 15.4
o,p'-DDE 0.3 <LOQ <LOQ <LOQ <LOQ <LOQ
p,p’-DDE 4.0 2.8 3.4 6.0 2.7 3.7
o,p'-DDD 0.6 <LOQ 0.3 1.5 1.6 <LOQ
p,p'-DDD 0.3 <LOQ <LOQ 31 0.7 1.4
0,p'-DDT 0.4 <LOQ 0.3 3.6 1.4 0.5
p,p'-DDT 1.5 0.6 1.1 7.1 2.2 4.2
Sum of DDT 7.1 3.4 5.1 21.2 8.5 9.8
PeCB 0.4 0.7 0.9 0.3 0.1 <LOQ
HCB 1.2 <LOQ 2.2 1.8 1.2 3.2

Table E 21: Temporal variations of PCB and OCP concentrationthé ambient air (ng filté) at
the agricultural sampling site in Nigeria, Sheda

NIGERIA - Sheda
Concentration ng/filter

Sample code NIG 01 A 01 NIG 01 A 02 NIG 01 A 03 NIG 01 A 04 NIG 01 A 05 NIG 01 A 06

Collection date 7.1.-4.2.2008 7.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 0.2 0.8 0.5 1.3 <LOQ 0.4
PCB 52 0.6 0.6 0.4 3.3 0.4 0.4
PCB 101 <LOQ 0.3 <LOQ 2.0 0.6 <LOQ
PCB 118 <LOQ <LOQ <LOQ 2.3 <LOQ <LOQ
PCB 153 0.3 0.7 <LOQ 1.9 <LOQ <LOQ
PCB 138 <LOQ 0.4 <LOQ 1.3 <LOQ 0.3
PCB 180 <LOQ 0.3 <LOQ 0.8 <LOQ <LOQ
Sum of PCB 1.1 3.2 0.9 12.9 1.0 1.1
alpha-HCH 11 1.7 1.9 0.6 0.7 <LOQ
beta-HCH <LOQ <LOQ <LOQ 2.3 2.3 <LOQ
gamma-HCH 8.7 5.8 15 6.5 4.3 3.3
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 9.9 7.4 3.4 9.3 7.2 3.3
o,p'-DDE <LOQ 0.3 <LOQ <LOQ <LOQ <LOQ
p,p'-DDE 0.7 2.4 15 5.6 2.1 0.9
o,p'-DDD <LOQ 0.6 <LOQ <LOQ 0.3 <LOQ
p,p'-DDD <LOQ 11 0.2 2.7 0.6 0.4
0,p'-DDT <LOQ 2.0 <LOQ 1.7 0.6 <LOQ
p,p-DDT 0.6 3.7 0.4 4.7 3.2 0.8
Sum of DDT 1.3 10.0 2.1 14.7 6.8 2.1
PeCB 1.0 15 1.0 0.7 <LOQ <LOQ
HCB 1.6 1.9 1.2 2.2 2.0 1.7
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Table E 22: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the urban sampling site in Senegal, Dakar

SENEGAL - Dakar
Concentration ng/filter

Sample code SENO1AO1 SEN 01 A 02 SEN 01 A 03 SENO01 A 04 SEN 01 A 05 SEN 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 7.4 12.7 10.8 8.6 4.5
PCB 52 8.9 15.0 134 14.7 6.5
PCB 101 11.6 12.9 14.0 <LOQ 6.8
PCB 118 7.2 9.2 9.4 11.8 5.3
PCB 153 14.0 224 27.2 39.8 13.1
PCB 138 9.4 18.0 19.0 29.2 9.6
PCB 180 7.1 13.4 16.7 28.4 8.5
Sum of PCB 65.6 103.6 110.5 132.4 54.3
alpha-HCH <LOQ 0.6 0.6 0.7 1.8
beta-HCH <LOQ <LOQ <LOQ <LOQ 3.3
gamma-HCH 255 9.1 20.4 28.3 9.5
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 25.5 9.7 21.0 28.9 14.6
o,p-DDE 4.4 10.2 17.7 33.7 26.2
p,p'-DDE 42.5 83.9 139.3 227.1 228.0
o,p-DDD 2.2 5.9 6.7 14.6 13.1
p,p'-DDD 8.2 13.7 18.7 354 26.6
o,p'-DDT 10.5 24.7 43.7 118.8 79.1
p,p'-DDT 25.0 75.6 133.1 367.4 218.9
Sum of DDT 92.7 214.1 359.2 796.9 591.8
PeCB 1.4 0.9 0.9 <LOQ 0.2
HCB 3.4 2.8 3.2 2.3 2.4

Table E 23: Temporal variations of PCB and OCP concentrationthé ambient air (ng filté) at
the background sampling site South Africa — Mold{adure reservation

SOUTH AFRICA - Molopo Nature reservation
Concentration ng/filter

Sample code SAF01AO01 SAF 01 A 02 SAF 01 A 03 SAF 01 A 04 SAF 01 A 05 SAF 01 A 06 SAF 01 A 07

Collection date 15.1.-12.2.2008 12.2.-11.3.2008 12.3.-15.4.2008 15.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008

PCB 28 0.3 <LOQ <LOQ 0.2 0.3 <LOQ 1.0
PCB 52 0.4 0.4 0.2 <LOQ 0.3 0.4 1.9
PCB 101 <LOQ <LOQ <LOQ 0.2 0.2 <LOQ <LOQ
PCB 118 <LOQ 0.2 <LOQ <LOQ <LOQ <LOQ 0.7
PCB 153 <LOQ 0.3 <LOQ <LOQ <LOQ 0.2 1.0
PCB 138 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.6
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.7
Sum of PCB 0.7 0.9 0.2 0.4 0.8 0.6 6.0
alpha-HCH 0.8 1.7 1.0 0.6 0.8 0.4 3.2
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 6.4 7.0 15 1.2 3.0 1.6 24
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 7.2 8.7 2.5 1.8 3.8 2.0 5.6
o,p'-DDE <LOQ <LOQ <LOQ <LOQ <LOQ 0.3 <LOQ
p,p'-DDE 0.4 0.4 0.6 0.5 0.2 0.4 0.9
o,p'-DDD <LOQ <LOQ 0.2 <LOQ <LOQ <LOQ <LOQ
p,p'-DDD 0.8 <LOQ <LOQ 0.6 0.2 0.2 <LOQ
0,p-DDT <LOQ 0.4 <LOQ <LOQ <LOQ <LOQ <LOQ
p.p'-DDT 15 1.0 <LOQ <LOQ 0.5 0.5 0.6
Sum of DDT 2.8 1.8 0.7 1.0 0.9 1.3 15
PeCB 0.9 0.8 0.5 0.2 0.2 0.2 <LOQ
HCB 1.3 1.3 1.3 0.3 0.6 1.0 1.1
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Table E 24: Temporal variations of PCB and OCP concentrationthé ambient air (ng filt7) at
the background sampling site South Africa — Barnens

SOUTH AFRICA - Barberspan
Concentration ng/filter

Sample code SAF 02 A 01 SAF 02 A 02 SAF 02 A 03 SAF 02 A 04 SAF 02 A 05 SAF 02 A 06 SAF 02 A 07

Collection date 15.1.-12.2.2008  12.2.-10.3.2008  10.3.-13.4.2008  13.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008

PCB 28 0.2 <LOQ <LOQ <LOQ 0.2 0.2 0.4
PCB 52 0.4 0.3 0.5 0.2 <LOQ 0.3 0.3
PCB 101 <LOQ <LOQ <LOQ 0.5 0.3 0.2 0.2
PCB 118 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.2
PCB 153 <LOQ <LOQ <LOQ <LOQ 0.4 0.4 <LOQ
PCB 138 <LOQ <LOQ <LOQ 0.3 0.4 0.3 <LOQ
PCB 180 <LOQ <LOQ <LOQ 0.5 <LOQ 0.3 <LOQ
Sum of PCB 0.7 0.3 0.5 14 1.3 1.8 1.1
alpha-HCH 1.2 0.8 0.8 0.6 0.7 12 14
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 10.3 114 9.3 4.1 3.1 2.4 0.7
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 11.5 12.1 10.1 4.7 3.8 3.6 2.1
o,p'-DDE <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDE 15 1.6 11 0.9 0.7 1.0 0.4
0,p-DDD <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p-DDD 1.3 0.8 0.2 0.2 0.4 0.2 0.2
o,p-DDT 0.3 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDT 2.0 2.8 0.4 0.5 0.9 0.4 <LOQ
Sum of DDT 5.1 5.2 1.8 1.6 2.1 1.7 0.6
PeCB 0.8 0.9 0.8 <LOQ 0.3 0.5 <LOQ
HCB 1.7 2.0 1.8 0.6 1.0 0.6 <LOQ

Table E 25: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the industrial sampling site South Africa — Vandgm®ark

SOUTH AFRICA - Vanderbijl Park
Concentration ng/filter

Sample code SAF 03 A 01 SAF 03 A 02 SAF 03 A 03 SAF 03 A 04 SAF 03 A 05 SAF 03 A 06 SAF 03 A 07

Collection date 15.1.-12.2.2008  12.2.-10.3.2008  10.3.-14.4.2008  14.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008

PCB 28 15 1.6 1.4 0.2 0.3 1.0 0.5
PCB 52 0.5 14 0.8 0.3 0.5 2.1 0.5
PCB 101 0.5 <LOQ 0.4 <LOQ 0.4 0.3 0.5
PCB 118 <LOQ 0.3 0.3 <LOQ <LOQ <LOQ 0.5
PCB 153 0.2 0.3 0.4 <LOQ 0.6 0.3 0.2
PCB 138 0.2 <LOQ <LOQ <LOQ <LOQ 0.6 0.5
PCB 180 <LOQ <LOQ 0.2 <LOQ <LOQ 0.2 0.4
Sum of PCB 2.9 3.7 3.5 0.5 1.8 4.4 3.1
alpha-HCH 2.7 3.8 2.4 1.6 3.2 2.7 34
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 25.7 319 411 7.6 13.0 18.5 5.1
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 28.3 35.7 43.5 9.3 16.3 21.2 8.5
o,p'-DDE <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
p,p'-DDE 3.2 1.6 1.3 0.7 1.7 1.2 0.8
o,p'-DDD 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ 0.3
p,p'-DDD 1.3 1.6 0.2 <LOQ <LOQ <LOQ 0.4
o,p'-DDT <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.7
p,p'-DDT 1.5 2.7 0.6 0.3 0.4 0.8 0.7
Sum of DDT 6.3 5.9 2.1 1.1 2.1 1.9 2.9
PeCB 0.8 1.2 0.9 0.2 0.3 0.8 <LOQ
HCB 2.4 2.7 2.0 3.5 1.4 3.8 3.8
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Table E 26: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the background sampling site in Sudan, Khartum

SUDAN - Khartum
Concentration ngffilter

Sample code SUDO01A01 SUDO01A02 SUDO01A03 SUD01A04 SUD 01 A 05 SUD 01 A 06

Collection date 7.1.-4.2.08 4.2.-3.3.08 3.3.-31.3.08 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 1.9 3.0 25 2.8 24 24
PCB 52 3.0 3.9 4.6 6.9 51 4.7
PCB 101 2.0 2.0 2.0 45 4.2 6.0
PCB 118 2.5 2.2 1.8 3.2 2.6 3.8
PCB 153 1.9 1.8 2.0 6.2 4.9 9.1
PCB 138 1.4 1.1 1.3 4.8 35 6.6
PCB 180 1.1 1.0 0.8 4.0 3.0 6.6
Sum of PCB 13.8 15.0 15.2 32.5 25.8 39.2
alpha-HCH 2.2 0.9 0.5 3.8 3.4 1.8
beta-HCH 1.8 <LOQ <LOQ 3.2 2.0 <LOQ
gamma-HCH 3.3 9.6 7.7 10.9 10.5 11.4
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 7.4 10.5 8.3 17.9 16.0 13.1
o,p-DDE 6.3 6.9 5.6 10.5 8.4 10.3
p,p'-DDE 34.8 39.9 26.8 62.4 43.1 68.4
o,p'-DDD 1.1 2.4 0.7 4.1 3.3 4.9
p,p'-DDD 2.4 3.7 3.2 6.4 3.9 5.8
o,p'-DDT 2.3 1.7 29 5.7 2.7 7.2
p,p'-DDT 6.0 7.2 5.9 14.9 14.4 15.2
Sum of DDT 53.0 61.9 45.2 104.1 75.8 111.9
PeCB 2.4 1.6 1.5 1.2 1.6 1.0
HCB 7.3 2.8 1.8 3.3 2.8 2.5

Table E 27: Temporal variations of PCB and OCP concentrationgé ambient air (ng filté)
the sampling site in Togo, KoumaKonda

TOGO - Koumakonda
Concentration ngffilter

Sample code TOG01AO01 TOG 01 A 02 TOG 01 A03 TOG 01 A 04 TOG 01 A 05 TOG 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.08 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 <LOQ 0.2 0.3 2.4 0.7 0.9
PCB 52 <LOQ 1.6 <LOQ 0.9 1.0 0.6
PCB 101 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 153 <LOQ 0.2 0.3 0.9 <LOQ 0.4
PCB 138 <LOQ <LOQ <LOQ 0.4 <LOQ 0.5
PCB 180 <LOQ <LOQ <LOQ 0.4 <LOQ <LOQ
Sum of PCB <LOQ 2.0 0.6 5.1 1.8 2.3
alpha-HCH 2.4 1.6 1.2 2.7 1.9 5.0
beta-HCH <LOQ 7.9 15 <LOQ <LOQ <LOQ
gamma-HCH 89.0 137.8 54.9 25.9 17.6 14.7
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 914 147.3 57.7 28.5 19.5 19.6
0,p-DDE <LOQ <LOQ <LOQ 0.3 0.3 1.3
p,p'-DDE 1.8 2.2 1.1 2.8 2.8 25
0,p-DDD <LOQ <LOQ <LOQ <LOQ 0.4 <LOQ
p,p-DDD 0.4 <LOQ 0.6 <LOQ 0.6 <LOQ
0,p-DDT 0.3 <LOQ <LOQ <LOQ 1.0 <LOQ
p,p'-DDT 1.1 1.7 0.9 1.9 1.6 0.7
Sum of DDT 3.4 3.8 2.5 5.1 6.5 4.5
PeCB 1.9 1.7 1.3 0.8 0.3 1.0
HCB 1.7 1.9 1.6 2.3 2.2 2.2
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Table E 28: Temporal variations of PCB and OCP concentrationthé ambient air (ng filter-1) at
the sampling site in Tunisia, Tunis

TUNISIA - Tunis
Concentration ngffilter

Sample code TUNO1AO1 TUN 01 A 02 TUN 01 A 03 TUN 01 A 04 TUN 01 A 05 TUN 01 A 06

Collection date 4.2.-3.3.2008 3.3.-31.3.2008 3.3.-31.3.08 28.4.-26.5.2008 26.5.-23.6.2008 23.6.-21.7.2008
PCB 28 4.7 3.4 3.5 2.3 5.2 4.1
PCB 52 5.8 4.4 3.8 3.9 4.9 5.6
PCB 101 2.4 0.3 0.3 0.3 0.9 0.6
PCB 118 1.4 0.2 0.4 0.2 0.4 <LOQ
PCB 153 2.5 0.3 <LOQ 0.3 0.9 0.3
PCB 138 1.2 0.2 0.3 0.3 0.5 0.6
PCB 180 1.2 <LOQ 0.2 0.6 1.1 0.3
Sum of PCB 19.1 8.8 8.4 8.1 13.9 11.5
alpha-HCH 38394 10.5 16.2 19.6 10.1 14.7
beta-HCH 631.2 1.4 2.8 <LOQ 5.6 6.8
gamma-HCH 6 773.0 4.8 17.4 19.1 8.3 10.0
delta-HCH 5770.9 <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 17 014.4 16.7 36.3 38.6 24.0 315
o0,p'-DDE <LOQ <LOQ <LOQ 0.2 <LOQ <LOQ
p,p'-DDE 3.1 0.4 0.5 0.8 1.7 2.3
0,p'-DDD 0.3 0.2 <LOQ <LOQ <LOQ <LOQ
p,p’-DDD 0.5 0.2 0.2 0.4 11 0.6
0,p-DDT 0.8 0.4 <LOQ <LOQ 0.9 <LOQ
p,p'-DDT 0.9 0.6 0.4 0.8 0.5 1.1
Sum of DDT 5.6 1.8 1.2 2.3 4.3 4.0
PeCB 37.4 1.0 15 <LOQ <LOQ 1.1
HCB 11.6 1.5 1.7 2.0 0.8 2.5

Table E 29: Temporal variations of PCB and OCP concentrationghé ambient air (ng filté) at
the sampling site in Zambia, Lusaka

ZAMBIA - Lusaka 1A
Concentration ng/filter

Sample code ZAMO1 A 01 ZAM 01 A 02 ZAM 01 A 03 ZAM 01 A 04 ZAM 01 A 05 ZAM 01 A 06

Collection date 7.1.-4.2.2008 7.2.-3.3.2008 3.3.-31.3.08 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
PCB 28 2.4 51 0.7 12 0.7 0.4
PCB 52 1.0 21 0.4 12 0.7 0.7
PCB 101 0.5 0.2 <LOQ 0.2 <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 153 0.6 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 138 0.4 <LOQ 0.2 <LOQ <LOQ <LOQ
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of PCB 4.9 7.5 1.2 2.7 1.4 1.0
alpha-HCH 1.4 3.7 0.5 <LOQ <LOQ <LOQ
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 2.7 5.4 3.1 2.9 2.4 1.7
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 4.1 9.1 3.6 2.9 2.4 1.7
o,p-DDE 1.1 1.4 <LOQ <LOQ 0.4 <LOQ
p,p'-DDE 8.6 9.0 2.8 4.6 3.9 2.7
o,p'-DDD 1.8 11 0.5 <LOQ 0.4 0.5
p,p'-DDD 2.7 12.9 3.0 1.8 2.7 1.6
o,p-DDT 194 19.6 0.4 4.0 53 2.7
p,p'-DDT 31.7 33.7 9.2 12.1 11.1 5.6
Sum of DDT 64.2 76.4 15.9 22.6 23.8 13.1
PeCB 0.7 0.7 0.7 0.5 0.9 0.6
HCB 1.7 1.6 0.8 2.0 3.4 3.0
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Table E 30: Soikoncentrations of PCBs and OCPs (i) at the sampling sites in Africa

SOILS AFRICA 2008
Koncentrace ng/g
Sampiing site Ethiopia Ghana Ghana Kenya Kenya Kenya Ker}ya Kenya Mali Mali Mali Ma_h Mali
Asela Kwabenya  East Legon Mt.Kenya Kabete Ktengela Industrial site  Dandora Tombuctu ~ Bamako centre  airport Koutiala Niono
[Sample code ETHOL GHA 01 GHA 02 KEN 01 KEN 02 KEN 03 KEN 04 KEN 05 MAL 01 MAL 02 MAL 03 MAL 04 MAL 05
Collection date 13.5.2008 12.4.2008 12.4.2008 12.4.2008 12.4.2008 12.4.2008
PCB 28 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.2 0.7 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 52 <LOQ <LOQ <LOQ <LOQ <LOQ 0.2 0.3 1.0 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 101 <LOQ <LOQ <LOQ <LOQ <LOQ 0.2 0.6 0.8 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 118 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.9 0.8 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 153 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 1.4 14 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 138 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 18 19 <LOQ <LOQ <LOQ <LOQ <LOQ
PCB 180 <LOQ <LOQ <LOQ <LOQ <LOQ 0.3 0.9 1.0 <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of PCB <LOQ <LOQ <LOQ <LOQ <LOQ 0.7 6.1 7.6 <LOQ <LOQ <LOQ <LOQ <LOQ
alpha-HCH 0.4 <LOQ 0.1 <LOQ 0.2 202.5 0.4 0.2 0.2 0.2 0.4 0.9 0.2
beta-HCH 0.5 <LOQ <LOQ <LOQ <LOQ 359.8 0.2 13 <LOQ <LOQ 0.3 <LOQ <LOQ
gamma-HCH 0.3 <LOQ 1.0 0.2 <LOQ 489.2 0.1 0.6 0.2 0.3 0.3 0.2 <LOQ
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ 856.8 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 1.2 <LOQ 1.1 0.2 0.2 1908.4 0.7 2.2 0.4 0.5 1.0 1.0 0.2
0,p-DDE <LOQ <LOQ <LOQ <LOQ <LOQ 2960.2 4.2 6.4 <LOQ <LOQ <LOQ <LOQ <LOQ
p.p-DDE 3.9 0.1 0.3 0.4 15 110855 496.8 457.6 <LOQ 1.6 0.8 0.5 0.1
0,p-DDD <LOQ <LOQ <LOQ <LOQ <LOQ 417.1 2.0 24.1 <LOQ <LOQ <LOQ <LOQ <LOQ
p.p-DDD 19 0.8 0.0 0.1 0.3 1239.1 15.1 27.1 <LOQ 0.3 0.1 <LOQ <LOQ
0,p-DDT 0.9 <LOQ <LOQ <LOQ <LOQ 194732 24.0 321.0 <LOQ <LOQ <LOQ <LOQ <LOQ
p.p-DDT 6.2 12 <LOQ 0.1 0.7 142527.7 537.2 549.5 <LOQ 1.6 0.5 <LOQ <LOQ
Sum of DDT 13.0 2.0 0.3 0.6 2.5 174742.6 1075.1 1379.3 <LOQ 3.5 1.4 0.5 0.1
PeCB <LOQ <LOQ <LOQ <LOQ <LOQ 3.2 0.1 0.5 <LOQ <LOQ <LOQ <LOQ <LOQ
HCB <LOQ <LOQ <LOQ <LOQ <LOQ 2.4 0.2 0.5 <LOQ <LOQ <LOQ <LOQ <LOQ

Table E 31 Soil concentrations of PCBs and OCPs (faj the sampling sites in Africa

SOILS AFRICA 2008
Koncentrace ng/g
Sampling site Mauritius Senegal South Africa South Africa South Africa South Africa Sudan Khartum Togo Tunisia Zambia
Reduit Dakar Molopo Barbespan Vanderbijl Park Middelburg Koumakonda Tunis Lusaka IA

Sample code MAU 01 SEN 01 SAF 01 SAF 02 SAF 03 SAF 04 SUD 01 TOG 01 TUNO1 ZAM 01
Collection date 15.4.2008 13.4.2008 14.4.2008 14.4.2008 31.3.2008 3.3.2008 28.4.2008

PCB 28 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.2 0.4 <LOQ <LOQ
PCB 52 <LOQ 0.2 <LOQ <LOQ <LOQ <LOQ 0.6 0.0 <LOQ <LOQ
PCB 101 <LOQ 0.5 <LOQ <LOQ <LOQ <LOQ 11 <LOQ <LOQ <LOQ
PCB 118 <LOQ 0.5 <LOQ <LOQ <LOQ <LOQ 0.5 <LOQ <LOQ <LOQ
PCB 153 <LOQ 29 <LOQ <LOQ 0.1 <LOQ 3.7 <LOQ 1.2 <LOQ
PCB 138 <LOQ 22 <LOQ <LOQ <LOQ <LOQ 25 <LOQ 1.0 <LOQ
PCB 180 <LOQ 3.9 <LOQ <LOQ <LOQ <LOQ 7.6 <LOQ 2.1 <LOQ
Sum of PCB <LOQ 10.1 <LOQ <LOQ 0.1 <LOQ 16.2 0.4 4.2 <LOQ
alpha-HCH 0.7 0.2 <LOQ <LOQ 0.2 <LOQ 0.2 0.2 0.3 <LOQ
beta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
gamma-HCH 0.3 <LOQ <LOQ <LOQ 0.2 <LOQ 0.2 0.2 0.1 0.5
delta-HCH <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of HCH 1.0 0.2 <LOQ <LOQ 0.4 <LOQ 0.4 0.3 0.4 0.5
o,p-DDE <LOQ 15 <LOQ <LOQ <LOQ <LOQ 4.1 <LOQ <LOQ <LOQ
p,p-DDE 4.6 63.2 <LOQ 0.5 1.2 <LOQ 142.6 <LOQ <LOQ <LOQ
o,p-DDD <LOQ 18 <LOQ <LOQ <LOQ <LOQ 2.2 <LOQ <LOQ <LOQ
p.,p-DDD 0.8 6.7 <LOQ <LOQ <LOQ <LOQ 0.9 <LOQ <LOQ <LOQ
0,p-DDT 11 159 <LOQ <LOQ <LOQ <LOQ 104 <LOQ <LOQ <LOQ
p,p-DDT 7.0 110.9 <LOQ 0.4 <LOQ <LOQ 8.6 <LOQ 0.1 <LOQ
Sum of DDT 13.4 198.5 <LOQ 0.8 1.2 <LOQ 164.7 <LOQ 0.1 <LOQ
PeCB <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
HCB <LOQ 0.1 <LOQ <LOQ 0.2 <LOQ <LOQ <LOQ <LOQ <LOQ
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Table E 32: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
sampling site in Congo (ex-site ORSTOM de Braziayil

CONGO - Orstom de Brazzaville
Concentration ng/filter

[Sample code CON 01 A 01 CON 01 A 02 CON 01 A 03 CON 01 A 06 CON 01 A 07 CON 01 A 08

Collection date 11.1.-11.2.2008 11.2.-11.3.2008 11.3.-8.4.2008 8.4.-6.5.2008 6.5.-3.6.2008 3.6.-1.7.2008

Naphthalene 180 309 356 1270 678 664
Acenaphtylene 58 75 104 89 121 113
Acenapthene 26 30 28 34 42 58
Fluorene 299 366 264 339 363 483
Phenanthrene 1219 1431 904 1130 1183 1782
Anthracene 113 88 71 87 95 170
Fluoranthene 450 522 285 377 410 660
Pyrene 394 424 247 301 320 597
Benz(a)anthracene 28 25 16 32 21 52
Chrysene 41 45 27 42 44 83
Benzo(b)fluoranthene 17 20 13 17 16 30
Benzo(k)fluoranthene 9 10 6 11 11 15
Benzo(a)pyrene 7 6 6 11 8 14
Indeno(123cd)pyrene <LOQ <LOQ <LOQ 6 5 10
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ 8 5 11
Sum of 16 PAHs 2 840 3 350 2327 3754 3320 4 745

Table E 33: Temporal variations of PAH concentrations in thebant air (ng filtet') at the
sampling site in Democratic Republic of Congo, Kiasa

DEMOCRATIC REPUBLIC OF THE CONGO - Kinshasa
Concentration ng/filter
sampling site DRC Kinshasa DRC Kinshasa ) DRC Kinshasa DRC Kimshasa DRC Kinshasa DRC Kinshasa )
Faculty library DRC Kinshasa parish garden Eraift ISTM traffic DRC Kinshasa GSMA|

Collection date 1.4.-28.4.2008 1.4.-28.4.2008 1.4.-28.4.2008 1.4.-28.4.2008 21.5.-19.6.2008 21.5.-19.6.2008 21.5.-19.6.2008 21.5.-19.6.2008
Naphthalene 368 561 491 423 406 454 606 384
Acenaphtylene 28 60 41 31 33 56 118 49
Acenapthene 24 40 35 28 35 42 129 33
Fluorene 319 522 507 357 465 543 1184 485
Phenanthrene 1705 2473 3093 1674 2188 2492 5503 2180
Anthracene 79 142 261 73 88 149 429 111
Fluoranthene 876 1021 1340 703 965 1123 2235 992
Pyrene 770 967 1128 595 777 973 2342 879
Benz(a)anthracene 69 51 72 42 55 67 159 61
Chrysene 124 92 117 78 112 121 252 112
Benzo(b)fluoranthene 42 35 29 27 32 32 64 30
Benzo(k)fluoranthene 24 18 17 19 21 19 39 20
Benzo(a)pyrene 9 9 8 <LOQ <LOQ 10 24 9
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 27 <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 41 <LOQ
Sum of 16 PAHs 4 437 5991 7 139 4 051 5176 6 080 13 151 5344

150



Table E 34: Temporal variations of PAH concentrations in thebant air (ng filter') at the urban
sampling site in Egypt, Cairo

EGYPT - Cairo
Concentration ngffilter

Sample code EGY 01 A 01 EGY 01 A 02 EGY 01 A 03 EGY 01 A 04 EGY 01 A 05 EGY 01 A 06
Collection date 7.1.-5.2.2008 5.2.-3.3.2008 3.3.-31.3.2008 31.3.-27.4.2008 27.4.-25.5.2008 25.5.-22.6.2008
Naphthalene 968 913 1180 2517 237 288
Acenaphtylene 128 120 50 352 16 20
Acenapthene 184 175 157 713 50 60
Fluorene 958 1053 1115 2225 294 331
Phenanthrene 4 086 5002 5897 7943 2076 2377
Anthracene 142 169 197 805 20 27
Fluoranthene 1847 2510 3280 4 369 1084 1266
Pyrene 1260 1477 1500 2618 779 905
Benz(a)anthracene 92 131 234 329 74 46
Chrysene 162 211 321 426 40 177
Benzo(b)fluoranthene 74 116 128 238 50 62
Benzo(k)fluoranthene 34 48 64 102 24 29
Benzo(a)pyrene 32 44 13 103 13 11
Indeno(123cd)pyrene 41 53 73 110 24 27
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 41 52 66 104 28 29
Sum of 16 PAHs 10 050 12 074 14 275 22 954 4810 5 654

Table E 35: Temporal variations of PAH concentrations in thebamnt air (ng filtetr') at the urban
sampling site in Ethiopia

ETHIOPIA - Asela
Concentration ngffilter

Sample code ETHO1A 01 ETH 01 A 02 ETH 01 A 03 ETH 01 A 04 ETH 01 A 05 ETHO1A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-2.5.2008 2.5.-5.6.2008 5.6.-4.7.2008

Naphthalene 1693 1061 1356 1783 886 589
Acenaphtylene 169 63 139 133 185 210
Acenapthene 406 226 98 140 166 106
Fluorene 1431 1125 722 887 1224 1212
Phenanthrene 6 362 4980 3815 5237 6727 7131
Anthracene 457 188 161 289 565 706
Fluoranthene 2912 2133 1831 3054 3547 3822
Pyrene 2303 1430 1184 2414 3 064 3325
Benz(a)anthracene 159 108 102 196 240 264
Chrysene 242 173 194 311 353 369
Benzo(b)fluoranthene 37 a7 40 76 66 60
Benzo(Kk)fluoranthene 28 23 26 41 35 39
Benzo(a)pyrene 21 19 20 22 21 29
Indeno(123cd)pyrene 21 19 21 27 22 27
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 21 19 22 25 20 24
Sum of 16 PAHs 16 262 11614 9731 14 634 17 123 17 914
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Table E 36: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
sampling site Ghana — Kwabenya

GHANA - Kwabenya
Concentration ngf/filter

[Sample code GHA 01 A 01 GHA 01 A 02 GHA 01 A 03 GHA 01 A 04 GHA 01 A 05 GHA 01 A 06
Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 197 238 180 221 7 18
Acenaphtylene 8 8 12 19 6 11
Acenapthene 17 8 10 16 8 12
Fluorene 260 107 107 153 116 139
Phenanthrene 1299 678 732 917 870 911
Anthracene 33 22 23 28 25 29
Fluoranthene 525 298 330 364 334 331
Pyrene 353 219 244 267 248 250
Benz(a)anthracene 20 16 18 18 14 14
Chrysene 54 38 42 44 38 35
Benzo(b)fluoranthene 12 10 17 20 13 12
Benzo(k)fluoranthene 6 7 8 11 9 8
Benzo(a)pyrene 2 2 4 2 <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 2785 1650 1727 2 080 1689 1768

Table E 37: Temporal variations of PAH concentrations in thebant air (ng filtet') at the
sampling site Ghana — East Legon

GHANA - East Legon
Concentration ngf/filter

[Sample code GHA 02 A 01 MAL 02 A 02 MAL 02 A 03 MAL 02 A 04 MAL 02 A 05 MAL 02 A 06
Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 336 407 274 208 176 187
Acenaphtylene 22 96 23 21 18 22
Acenapthene 19 28 15 17 14 19
Fluorene 253 243 154 189 160 197
Phenanthrene 1454 1579 1145 1415 1197 1374
Anthracene 49 132 60 70 60 63
Fluoranthene 677 782 633 721 632 649
Pyrene 486 657 526 592 525 551
Benz(a)anthracene 32 61 52 49 48 47
Chrysene 80 107 94 94 89 86
Benzo(b)fluoranthene 26 28 26 37 29 37
Benzo(k)fluoranthene 8 12 14 16 16 17
Benzo(a)pyrene 4 9 8 <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ 8 8 <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ 8 10 <LOQ <LOQ <LOQ
Sum of 16 PAHs 3447 4157 3044 3428 2963 3249
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Table E 38: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
background site Kenya — Mt. Kenya

KENYA - Mt. Kenya
Concentration ngffilter

Sample code KEN 01 A 01 KEN 01 A 02 KEN 01 A 03 KEN 01 A 02 KEN 01 A 03 KEN 01 A 04

Collection date 4.3.-1.4.2008 13.5.-19.6.2008 19.6.-8.7.2008 8.7.-6.8.2008

Naphthalene 93 121 105 54
Acenaphtylene 1 2 <LOQ <LOQ
Acenapthene 2 2 5 3
Fluorene 23 19 31 19
Phenanthrene 47 34 54 43
Anthracene 1 <LOQ <LOQ <LOQ
Fluoranthene 11 8 8 12
Pyrene 7 2 5 10
Benz(a)anthracene <LOQ <LOQ <LOQ <LOQ
Chrysene <LOQ <LOQ <LOQ <LOQ
Benzo(b)fluoranthene <LOQ <LOQ <LOQ <LOQ
Benzo(k)fluoranthene <LOQ <LOQ <LOQ <LOQ
Benzo(a)pyrene <LOQ <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 186 188 207 140

Table E 39: Temporal variations of PAH concentrations in thebant air (ng filtetr') at the urban
sampling site Kenya — Kabete

KENYA - Kabete
Concentration ngffilter

Sample code KEN 02 A 01 KEN 02 A 02 KEN 02 A 01 KEN 02 A 04 KEN 02 A 05 KEN 02 A 06

Collection date 4.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-3.7.2008 3.7.-8.8.2008

Naphthalene 248 162 146 344 201 99
Acenaphtylene 21 20 16 14 22 11
Acenapthene 19 17 18 26 30 23
Fluorene 180 153 166 185 237 195
Phenanthrene 806 667 748 765 943 847
Anthracene 33 28 38 41 45 41
Fluoranthene 343 265 298 332 411 404
Pyrene 253 204 235 263 328 322
Benz(a)anthracene 17 10 15 15 19 26
Chrysene 32 23 27 37 45 47
Benzo(b)fluoranthene 9 6 9 7 12 8
Benzo(k)fluoranthene 5 4 4 6 8 6
Benzo(a)pyrene 3 2 3 2 5 2
Indeno(123cd)pyrene 3 2 2 <LOQ 2 <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 4 3 2 2 3 <LOQ
Sum of 16 PAHs 1977 1566 1725 2038 2311 2031
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Table E 40: Temporal variations

sampling site Kenya — Kitengela

of PAH concentrations in thebamt air (ng filtet") at the

KENYA - Kitengela
Concentration ng/filter

Sample code KEN 03 A 01 KEN 03 A 02 KEN 03 A 03 KEN 03 A 04 KEN 03 A 05 KEN 03 A 06

Collection date 4.2.-4.3.2008 5.3.-1.4.2008 7.5.-6.6.2008 6.6.-4.7.2008 4.7.-11.8.2008

Naphthalene 110 270 174 103 94
Acenaphtylene 17 24 32 12 9
Acenapthene 13 19 25 23 20
Fluorene 112 134 139 137 99
Phenanthrene 528 496 501 388 332
Anthracene 25 22 30 17 14
Fluoranthene 188 173 198 146 123
Pyrene 148 143 164 114 102
Benz(a)anthracene 9 8 7 5 4
Chrysene 17 15 21 13 14
Benzo(b)fluoranthene 7 4 4 2 3
Benzo(k)fluoranthene 3 4 5 3 2
Benzo(a)pyrene 2 1 2 3 <LOQ
Indeno(123cd)pyrene <LOQ 1 <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 1 1 <LOQ <LOQ <LOQ
Sum of 16 PAHs 1181 1315 1303 966 816

Table E 41: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
sampling site Kenya — Industrial area

KENYA - Industrial site

Concentration ng/filter

Sample code KEN 04 A 01 KEN 04 A 02 KEN 04 A 03 KEN 04 A 04 KEN 04 A 05 KEN 04 A 06

Collection date 3.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-4.7.2008 4.7.-8.8.2008

Naphthalene 216 391 184 187 322 258
Acenaphtylene 63 111 52 56 86 61
Acenapthene 49 84 63 47 69 67
Fluorene 467 686 483 438 521 556
Phenanthrene 3000 3278 2459 2368 2384 2679
Anthracene 238 302 272 249 195 225
Fluoranthene 1789 1611 1409 1445 1180 1364
Pyrene 1756 1593 1454 1429 1118 1355
Benz(a)anthracene 120 119 104 124 98 95
Chrysene 172 161 133 163 135 136
Benzo(b)fluoranthene 42 41 43 38 34 29
Benzo(k)fluoranthene 18 19 16 24 19 20
Benzo(a)pyrene 17 17 17 22 18 14
Indeno(123cd)pyrene 16 15 15 20 13 13
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ 2 2
Benzo(ghi)perylene 19 17 18 23 19 15
Sum of 16 PAHs 7981 8 444 6 724 6 630 6211 6 889
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Table E 42: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
sampling site Kenya — Dandora

KENYA - Dandora
Concentration ngffilter

Sample code KEN 05 A 01 KEN 05 A 02 KEN 05 A 03 KEN 05 A 04 KEN 05 A 05 KEN 05 A 06

Collection date 5.2.-4.3.2008 4.3.-1.4.2008 1.4.-6.5.2008 6.5.-6.6.2008 6.6.-4.7.2008 4.7.-8.8.2008

Naphthalene 170 143 153 206 334 242
Acenaphtylene 69 59 74 64 123 53
Acenapthene 79 74 64 98 76 64
Fluorene 600 724 606 723 774 748
Phenanthrene 3189 3867 3436 3190 3511 3967
Anthracene 239 359 300 272 254 336
Fluoranthene 1183 1591 1467 1367 1541 1984
Pyrene 974 1429 1406 1380 1428 1852
Benz(a)anthracene 77 100 98 108 95 127
Chrysene 96 133 133 139 137 180
Benzo(b)fluoranthene 25 37 29 36 38 43
Benzo(k)fluoranthene 11 14 15 24 23 26
Benzo(a)pyrene 11 15 13 19 21 5
Indeno(123cd)pyrene 8 13 10 19 18 24
Dibenz(ah)anthracene <LOQ <LOQ <LOQ 1 2 2
Benzo(ghi)perylene 9 14 12 23 24 24
Sum of 16 PAHs 6 742 8574 7 817 7 669 8 402 9676

Table E 43: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
background sampling site Mali — Tomboucutou

MALI- Tombouctou

Concentration ngffilter

Sample code MAL 01 A 01 MAL 01 A 02 MAL 01 A 03 MAL 01 A 04 MAL 01 A 05 MAL 01 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-11.5.2008 11.5.-8.6.2008 8.6.-5.7.2008

Naphthalene 389 185 146 184 576 362
Acenaphtylene 5 3 4 3 7 7
Acenapthene 6 5 3 4 10 10
Fluorene 38 61 21 28 41 32
Phenanthrene 125 364 91 162 187 157
Anthracene 4 15 2 5 5 6
Fluoranthene 46 143 40 66 42 71
Pyrene 27 87 25 40 20 40
Benz(a)anthracene 3 7 3 4 <LOQ 5
Chrysene 9 16 8 17 5 22
Benzo(b)fluoranthene 8 9 8 11 <LOQ 14
Benzo(k)fluoranthene 5 5 5 15 <LOQ 14
Benzo(a)pyrene 4 5 5 <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ 9
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 669 904 361 539 894 750
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Table E 44: Temporal variations of PAH concentrations in thebant air (ng filter') at the urban
sampling site Mali — Bamako centre

MALI - Bamako centre
Concentration ng/filter

Sample code MAL 02 A 01 MAL 02 A 02 MAL 02 A 03 MAL 02 A 04 MAL 02 A 05 MAL 02 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

Naphthalene 541 304 558 991 127 432
Acenaphtylene 115 51 91 50 14 51
Acenapthene 39 25 26 24 9 27
Fluorene 427 331 216 262 133 313
Phenanthrene 2094 2216 1470 2119 1315 1968
Anthracene 180 176 92 116 54 108
Fluoranthene 916 1141 877 1240 786 1063
Pyrene 805 1014 758 1078 656 910
Benz(a)anthracene 61 83 67 97 66 76
Chrysene 105 139 125 192 134 153
Benzo(b)fluoranthene 34 47 a7 e 53 43
Benzo(k)fluoranthene 12 19 18 35 22 24
Benzo(a)pyrene 8 11 9 11 6 10
Indeno(123cd)pyrene 8 14 13 <LOQ 11 11
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 10 16 14 20 14 15
Sum of 16 PAHs 5351 5588 4380 6311 3400 5204

Table E 45: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
sampling site Mali — Bamako international airport

MALI - Bamako airport
Concentration ng/filter

Sample code MAL 03 A 01 MAL 03 A 02 MAL 03 A 03 MAL 03 A 04 MAL 03 A 05 MAL 03 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

Naphthalene 693 249 207 1683 221 232
Acenaphtylene 8 8 3 10 3 16
Acenapthene 11 8 4 23 6 17
Fluorene 112 94 47 110 69 145
Phenanthrene 595 576 387 504 648 687
Anthracene 16 15 9 11 18 20
Fluoranthene 9 249 222 224 290 306
Pyrene 188 194 155 162 225 241
Benz(a)anthracene 10 13 10 10 13 17
Chrysene 29 32 34 34 39 42
Benzo(b)fluoranthene 8 15 13 12 14 13
Benzo(k)fluoranthene 5 6 6 8 9 12
Benzo(a)pyrene 2 3 2 <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 1687 1462 1101 2791 1555 1746
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Table E 46: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
agricultural sampling site Mali — Koutiala

MALI - Koutiala
Concentration ngffilter

Sample code MAL 04 A 01 MAL 04 A 02 MAL 04 A 03 MAL 04 A 04 MAL 04 A 05 MAL 04 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-7.6.2008 7.6.-5.7.2008

Naphthalene 1326 644 96 221 187 162
Acenaphtylene 404 254 24 12 19 35
Acenapthene 76 46 16 23 10 22
Fluorene 1060 759 274 165 171 297
Phenanthrene 5943 5094 2602 1822 1963 2073
Anthracene 652 592 193 92 103 173
Fluoranthene 3277 3131 2007 1573 1623 1389
Pyrene 2850 2733 1690 1300 1283 1177
Benz(a)anthracene 216 230 152 150 169 158
Chrysene 283 316 267 285 297 246
Benzo(b)fluoranthene 79 67 99 97 108 89
Benzo(k)fluoranthene 34 36 37 52 57 40
Benzo(a)pyrene 28 32 16 11 21 23
Indeno(123cd)pyrene 27 25 21 <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 25 23 20 27 25 <LOQ
Sum of 16 PAHs 16 278 13 981 7515 5 832 6 035 5 885

Table E 47: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
agricultural sampling site Mali — Niono

MALI - Niono
Concentration ng/filter

Sample code MAL 05 A 01 MAL 05 A 02 MAL 05 A 03 MAL 05 A 04 MAL 05 A 05 MAL 05 A 06

Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-12.4.2008 12.4.-10.5.2008 10.5.-8.6.2008 8.6.-5.7.2008

Naphthalene 491 385 181 1272 236 405
Acenaphtylene 4 19 12 33 18 31
Acenapthene 4 17 5 25 13 25
Fluorene 49 72 34 174 147 221
Phenanthrene 226 298 182 942 840 1120
Anthracene 12 12 8 42 37 65
Fluoranthene 93 103 85 509 463 605
Pyrene 65 67 50 327 308 469
Benz(a)anthracene 6 3 4 30 27 46
Chrysene 16 10 10 62 61 96
Benzo(b)fluoranthene 3 3 4 26 23 29
Benzo(k)fluoranthene 3 2 3 16 16 21
Benzo(a)pyrene <LOQ <LOQ <LOQ <LOQ 6 <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 973 990 579 3458 2194 3132
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Table E 48: Temporal variations of PAH concentrations in thebamt air (ng filter) at the
background sampling site in Mauritius, Reduit

MAURITIUS - Reduit
Concentration ngffilter

Sample code MAUO1A01 MAUO1A02 MAUO1A03 MAU 01 A 04 MAU 01 A 05 MAU 01 A 06
Collection date 7.1.-8.2.08 8.2.-3.3.08 3.3.-31.3.08 31.3.-28.4.2008 28.4.-10.6.2008 10.6.-24.6.2008
Naphthalene 580 971 1688 3208 1794 1322
Acenaphtylene 19 26 45 96 52 27
Acenapthene 7 13 28 65 44 21
Fluorene 60 72 84 190 195 103
Phenanthrene 388 341 342 771 1003 401
Anthracene 79 63 58 142 144 63
Fluoranthene 223 139 147 372 524 174
Pyrene 377 225 229 529 739 269
Benz(a)anthracene 13 5 5 17 20 7
Chrysene 17 9 10 22 31 10
Benzo(b)fluoranthene 9 5 4 7 14 6
Benzo(k)fluoranthene 5 2 3 6 9 2
Benzo(a)pyrene 6 3 3 8 6 <LOQ
Indeno(123cd)pyrene 3 2 1 <LOQ 6 <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 8 3 4 <LOQ 15 <LOQ
Sum of 16 PAHs 1791 1880 2 651 5433 4593 2 406

Table E 49: Temporal variations of PAH concentrations in thebant air (ng filtet') at the
agricultural sampling site in Nigeria

NIGERIA - Sheda
Concentration ng/filter

Sample code NIG 01 A 01 NIG 01 A 02 NIG 01 A 03 NIG 01 A 04 NIG 01 A 05 NIG 01 A 06
Collection date 7.1.-4.2.2008 7.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008  26.5.-23.6.2008
Naphthalene 1641 922 459 236 756 617
Acenaphtylene 28 9 6 31 10 14
Acenapthene 36 13 5 26 12 13
Fluorene 382 147 45 268 108 123
Phenanthrene 2243 1915 429 1832 860 812
Anthracene 70 39 13 97 29 39
Fluoranthene 847 1035 215 907 414 389
Pyrene 620 722 171 757 333 332
Benz(a)anthracene 27 27 9 71 22 23
Chrysene 90 127 32 128 70 60
Benzo(b)fluoranthene 19 42 11 42 23 18
Benzo(k)fluoranthene 7 12 5 22 12 10
Benzo(a)pyrene 3 3 2 9 <LOQ <LOQ
Indeno(123cd)pyrene 5 9 2 8 <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 6 10 3 11 <LOQ <LOQ
Sum of 16 PAHs 6 024 5031 1407 4 446 2 649 2 450
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Table E 50: Temporal variations of PAH concentrations in thebamnt air (ng filter') at the urban
sampling site in Senegal, Dakar

SENEGAL - Dakar
Concentration ng/filter

Sample code SEN 01 A 01 SEN 01 A 02 SEN 01 A 03 SEN 01 A 04 SEN 01 A 05 SEN 01 A 06
Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 263 341 370 166 67
Acenaphtylene 85 104 78 36 24
Acenapthene 131 99 75 66 30
Fluorene 694 647 499 399 274
Phenanthrene 3408 4626 3938 4932 2 468
Anthracene 201 235 203 217 119
Fluoranthene 1249 1924 1731 3049 1081
Pyrene 1202 2007 1668 2816 1074
Benz(a)anthracene 107 181 152 346 115
Chrysene 155 274 238 556 203
Benzo(b)fluoranthene 45 78 74 265 85
Benzo(k)fluoranthene 23 40 34 125 44
Benzo(a)pyrene 23 31 28 95 25
Indeno(123cd)pyrene 19 30 29 103 29
Dibenz(ah)anthracene <LOQ <LOQ <LOQ 11 <LOQ
Benzo(ghi)perylene 24 36 35 107 35
Sum of 16 PAHs 7627 10 655 9151 13 289 5671

Table E 51: Temporal variations of PAH concentrations in thebant air (ng filtet') at the
background sampling site South Africa — Molopo

SOUTH AFRICA - Molopo Nature reservation
Concentration ng/filter

[Sample code SAF 01 A 01 SAF 01 A 02 SAF 01 A 03 SAF 01 A 04 SAF 01 A 05 SAF 01 A 06 SAF 01 A 07

Collection date 15.1.-12.2.2008 12.2.-11.3.2008 12.3.-15.4.2008 15.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008

Naphthalene 189 209 41 259 258 501 202
Acenaphtylene 2 2 <LOQ 1 1 3 1
Acenapthene 7 8 5 5 6 7 5
Fluorene 14 16 19 15 14 22 33
Phenanthrene 84 109 146 110 66 72 109
Anthracene 4 5 4 <LOQ <LOQ <LOQ <LOQ
Fluoranthene 29 42 52 45 18 20 33
Pyrene 14 19 30 20 14 11 25
Benz(a)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Chrysene <LOQ 1 2 <LOQ <LOQ <LOQ <LOQ
Benzo(b)fluoranthene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(k)fluoranthene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(a)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 345 411 299 454 378 636 408
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Table E 52: Temporal variations of PAH concentrations in thebamt air (ng filter) at the

background sampling site South Africa — Barberspan

SOUTH AFRICA - Barberspan
Concentration ng/filter

Sample code SAF 02 A 01 SAF 02 A 02 SAF 02 A 03 SAF 02 A 04 SAF 02 A 05 SAF 02 A 06 SAF 02 A 07
Collection date 15.1.-12.2.2008 12.2.-10.3.2008 10.3.-13.4.2008 13.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008
Naphthalene 316 192 82 229 150 376 179
Acenaphtylene 3 2 <LOQ 2 2 2 2
Acenapthene 11 6 5 10 7 12 10
Fluorene 30 22 27 33 31 38 44
Phenanthrene 79 59 79 93 80 93 115
Anthracene 2 2 2 1 <LOQ <LOQ <LOQ
Fluoranthene 20 14 20 19 20 22 27
Pyrene 10 6 12 13 13 17 21
Benz(a)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Chrysene 1 <LOQ 1 <LOQ <LOQ <LOQ <LOQ
Benzo(b)fluoranthene <LOQ <LOQ 1 <LOQ <LOQ <LOQ <LOQ
Benzo(k)fluoranthene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(a)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 473 303 229 401 303 560 398

Table E 53: Temporal variations of PAH concentrations in thebamt air (ng filtef") at the
industrial sampling site South Africa — VanderBigrk
SOUTH AFRICA - Vanderbijl Park
Concentration ngffilter

Sample code SAF 03 A 01 SAF 03 A 02 SAF 03 A 03 SAF 03 A 04 SAF 03 A 05 SAF 03 A 06 SAF 03 A 07

Collection date 15.1.-12.2.2008 12.2.-10.3.2008 10.3.-14.4.2008 14.4.-12.5.2008 12.5.-6.6.2008 6.6.-3.7.2008 3.7.-31.7.2008

Naphthalene 350 299 392 688 587 1580 383
Acenaphtylene 9 27 15 34 37 55 22
Acenapthene 65 67 101 129 137 206 109
Fluorene 706 702 716 712 699 1147 551
Phenanthrene 2299 2108 2066 1933 1865 2549 1397
Anthracene 132 183 170 149 153 218 89
Fluoranthene 1323 994 967 809 900 1079 514
Pyrene 802 562 585 491 573 662 313
Benz(a)anthracene 75 53 58 53 58 58 <LOQ
Chrysene 105 78 86 88 <LOQ 96 49
Benzo(b)fluoranthene 51 42 36 47 32 58 17
Benzo(k)fluoranthene 15 14 15 27 29 25 17
Benzo(a)pyrene 9 11 12 21 24 24 17
Indeno(123cd)pyrene 8 10 11 14 19 19 16
Dibenz(ah)anthracene <LOQ <LOQ <LOQ 2 <LOQ 1 1
Benzo(ghi)perylene 10 11 12 20 26 21 20
Sum of 16 PAHs 5961 5160 5242 5218 5139 7799 3517
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Table E 54: Temporal variations of PAH concentrations in thebant air (ng filter-1) at

background sampling site in Sudan

the

SUDAN - Khartum
Concentration ng/filter

Sample code SUDO01A01 SUD01A02 SUDO1A03 SUD 01 A 04 SUD 01 A 05 SUD 01 A 06
Collection date 7.1.-4.2.08 4.2.-3.3.08 3.3.-31.3.08 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 316 195 273 243 314 184
Acenaphtylene 26 22 18 31 18 19
Acenapthene 29 23 17 22 16 14
Fluorene 389 370 239 298 171 167
Phenanthrene 1799 1899 1725 2 207 1515 1383
Anthracene 61 115 129 95 63 58
Fluoranthene 780 839 881 1160 818 671
Pyrene 638 686 881 736 547 412
Benz(a)anthracene 41 48 61 84 72 49
Chrysene 87 109 125 185 150 127
Benzo(b)fluoranthene 34 41 44 99 61 50
Benzo(k)fluoranthene 13 14 17 32 25 26
Benzo(a)pyrene 9 12 9 17 14 12
Indeno(123cd)pyrene 12 14 12 25 17 <LOQ
Dibenz(ah)anthracene <LOQ 1 <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 18 22 20 34 25 <LOQ
Sum of 16 PAHs 4 252 4412 4 454 5269 3825 3172

Table E 55: Temporal variations of PAH concentrations in thébamt air (ng filtet') at the
background sampling site in Togo, Koumakonda

TOGO - Koumakonda
Concentration ngffilter

Sample code TOG 01 A 01 TOG 01 A 02 TOG 01 A 03 TOG 01 A 04 TOG 01 A 05 TOG 01 A 06
Collection date 7.1.-4.2.2008 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 1887 1483 1156 1055 786 368
Acenaphtylene 11 12 10 13 10 7
Acenapthene 16 12 9 19 8 7
Fluorene 184 93 71 118 85 68
Phenanthrene 1044 592 395 613 471 305
Anthracene 13 12 12 23 16 14
Fluoranthene 482 259 178 285 229 117
Pyrene 264 159 120 190 141 82
Benz(a)anthracene 9 8 9 17 10 6
Chrysene 47 33 26 43 28 16
Benzo(b)fluoranthene 11 6 10 12 10 <LOQ
Benzo(k)fluoranthene 5 4 5 11 8 <LOQ
Benzo(a)pyrene 2 1 2 <LOQ <LOQ <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 3975 2674 2003 2399 1804 990
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Table E 56: Temporal variations of PAH concentrations in thebsmt air (ng

sampling site in Tunisia

filter') at the

TUNISIA - Tunis
Concentration ng/filter

Sample code TUN 01 A 01 TUN 01 A 02 TUN 01 A 03 TUN 01 A 04 TUN 01 A 05 TUN 01 A 06
Collection date 4.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008 23.6.-21.7.2008
Naphthalene 496 758 736 815 801 1110
Acenaphtylene 22 21 18 47 33 40
Acenapthene 31 33 38 110 96 135
Fluorene 242 103 112 206 177 162
Phenanthrene 978 134 143 436 347 307
Anthracene 26 9 8 3 8 2
Fluoranthene 295 17 16 68 68 40
Pyrene 224 11 12 31 20 19
Benz(a)anthracene 10 <LOQ <LOQ 2 1 <LOQ
Chrysene 26 <LOQ <LOQ 3 2 2
Benzo(b)fluoranthene 8 <LOQ <LOQ 1 <LOQ <LOQ
Benzo(k)fluoranthene 3 <LOQ <LOQ 2 <LOQ <LOQ
Benzo(a)pyrene 2 <LOQ <LOQ <LOQ 1 <LOQ
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Sum of 16 PAHs 2 361 1086 1083 1724 1554 1817

Table E 57: Temporal variations of PAH concentratims in the ambient air (ng

sampling site in Zambia

filter) at the

ZAMBIA - Lusaka IA
Concentration ngffilter

Sample code ZAM 01 A 01 ZAM 01 A 02 ZAM 01 A 03 ZAM 01 A 04 ZAM 01 A 05 ZAM 01 A 06
Collection date 7.1.-4.2.2008 7.2.-3.3.2008 3.3.-31.3.2008 31.3.-28.4.2008 28.4.-26.5.2008 26.5.-23.6.2008
Naphthalene 1131 1463 545 1387 561 518
Acenaphtylene 9 9 4 5 5 3
Acenapthene 7 12 6 10 11 21
Fluorene 44 69 34 79 88 128
Phenanthrene 254 358 147 375 380 481
Anthracene 15 23 10 26 22 27
Fluoranthene 77 118 43 145 140 181
Pyrene 62 90 34 116 111 139
Benz(a)anthracene 4 6 2 8 7 9
Chrysene 8 13 4 20 17 23
Benzo(b)fluoranthene 4 5 2 6 7 6
Benzo(k)fluoranthene 2 3 <LOQ 3 2 3
Benzo(a)pyrene 1 2 <LOQ 1 1 2
Indeno(123cd)pyrene <LOQ <LOQ <LOQ <LOQ 1 2
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene <LOQ <LOQ <LOQ 1 2 3
Sum of 16 PAHs 1619 2170 831 2181 1355 1545
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Table E 58: Statistical evaluation of PAH concentrations deiegd in the passive air samples

MIN MAX MEAN MEDIAN

16 PAHs
ng filter -1 ng filter -1 ng filter -1 ng filter -1

Congo 2328 4745 3390 3336
DRCongo 4053 13 151 6423 5669
Egypt 4810 22954 11 636 11 062
Ethiopia 9731 17 915 14 547 15 449
Ghana 01 1652 2786 1951 1749
Ghana 02 2965 4158 3383 3341
Kenya 01 145 212 185 191
Kenya 02 1566 2312 1942 2005
Kenya 03 818 1316 1117 1182
Kenya 04 6211 8 445 7 147 6 807
Kenya 05 6742 9676 8 147 8110
Mali 01 362 905 688 711
Mali 02 3401 6312 5040 5278
Mali 03 1102 2793 1726 1623
Mali 04 5833 16 278 9255 6776
Mali 05 581 3460 1890 1594
Mauritius 1792 5434 3127 2529
Nigeria 1408 6025 3669 3549
Senegal 5672 13 289 9279 9152
South Aftica 01 303 640 423 413
South Aftrica 02 233 564 385 402
South Africa 03 3518 7799 5434 5218
Sudan 3174 5269 4231 4332
Togo 993 3977 2310 2203
Tunisia 1087 2362 1607 1641
Zambia 834 2182 1618 1583
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Table E 59: Soil concentrations of PAHs (ng'gat the sampling sites in Africa

SOILS AFRICA
Concentration ng g-1
sampiing st T mbowa  Eatiegen  KomAMiKena Kema Kebeto (GOUR KOS TRIE  ey  Bamalecenve  apon VAl Kowda
sample code ETHOL GHA 01 GHA 02 KEN 01 KEN 02 KEN 03 KEN 04 KEN 05 MAL 01 MAL 02 MAL 03 MAL 04 MAL 05
Collection date 13.5.08 12.4.08 12.4.08 12.4.08 12.4.08 12.4.08
Naphthalene 27.6 46 43 42 35 26 8.1 8.9 2.8 72 7.4 3.6 2.7
Acenaphthylene 34 <LOQ 0.2 0.1 0.1 14 23 14 <LOQ <LOQ 0.5 0.4 0.2
Acenaphthene 0.7 <LoQ <LOQ 0.2 <LoQ 5.4 1.0 0.7 0.4 <LOQ 0.6 0.4 <LOQ
Fluorene 6.0 0.4 0.4 05 0.2 5.4 25 31 0.3 0.2 1.8 2.2 0.2
Phenanthrene 245 13 2.1 23 1.0 1.8 18.2 205 24 18 5.7 135 03
Anthracene 15 0.2 <LOQ 0.1 <LoQ 0.7 55 44 <LoQ <LOQ 05 1.0 <LOQ
Fluoranthene 6.9 1.6 35 1.0 1.0 0.2 28.8 23.2 47 0.7 15 105 0.1
Pyrene 5.1 14 2.9 038 0.9 0.4 257 263 3.7 <LOQ 11 8.4 <LOQ
Benz(a)anthracene 0.6 0.4 0.8 0.2 0.4 <LOQ 11.9 9.0 1.0 <LOQ <LOQ 0.6 <LOQ
Chrysene 12 0.6 14 0.4 0.7 <LOQ 17.1 14.3 32 <LOQ 0.2 12 <LOQ
Benzo(b)fluoranthene 1.2 1.0 14 0.3 0.9 <LOQ 26.9 20.6 51 <LOQ 0.4 1.0 <LOQ
Benzo(k)fluoranthene 0.6 0.6 1.1 0.6 0.4 <LOQ 9.3 7.0 24 <LOQ 0.2 0.5 <LOQ
Benzo(a)pyrene 05 0.8 2.6 0.4 0.4 <LOQ 18.1 15.0 36 <LOQ 05 1.0 <LOQ
Indeno(123cd)pyrene 0.7 0.9 2.1 0.4 1.0 0.1 18.8 17.6 35 <LOQ <LOQ 0.9 <LOQ
Dibenz(ah)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 2.8 14 0.7 <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 0.6 0.9 1.9 <LOQ <LOQ 0.3 21.8 24.5 3.4 <LOQ <LOQ 1.0 <LOQ
ISum of PAHs 81.10 14.70 24.70 11.50 10.50 18.30 218.80 197.90 37.20 9.90 20.40 46.20 3.50)
Table E 60: Soil concentrations of PAHs (ng'pat the sampling sites in Africa
SOILS AFRICA
Concentration ng g-1
Sampling site Maurmgs Senegal South Africa South Africa South A}\_fnca So}uth Africa Sudan Khartum Togo Tun|§|a Zambia
Reduit Dakar Molopo Barbespan Vanderbijl Park Middelburg Koumakonda Tunis Lusaka IA

Sample code MAU 01 SEN 01 SAF 01 SAF 02 SAF 03 SAF 04 SUD 01 TOG 01 TUN 01 ZAM 01
Collection date 15.4.08 13.4.08 14.4.08 14.4.08 31.3.08 3.3.08 28.4.08

Naphthalene 22.4 2.3 21 25 55 53 53 115 5.7 235
Acenaphthylene 2.3 1.7 <LOQ <LOQ 0.3 <LOQ 0.4 0.6 0.4 1.0
Acenaphthene 15 0.4 <LOQ <LOQ 0.3 <LOQ 0.9 0.4 0.6 8.8
Fluorene 25 0.7 <LOQ <LOQ 0.8 0.5 24 2.3 0.8 6.5
Phenanthrene 13.7 8.6 0.3 3.0 9.9 5.2 4.4 2.9 2.7 5.9
Anthracene 1.7 4.2 <LOQ <LOQ 1.0 0.4 <LOQ 0.2 0.1 <LOQ
Fluoranthene 23.6 20.6 <LOQ 9.1 17.3 35 2.0 0.8 2.3 0.7
Pyrene 19.4 20.4 <LOQ 7.4 12.0 2.3 18 0.7 2.3 0.4
Benz(a)anthracene 6.6 9.0 <LOQ 3.4 5.8 0.9 0.6 0.2 1.2 <LOQ
Chrysene 10.2 11.0 <LOQ 4.8 8.7 2.1 0.9 0.4 1.6 <LOQ
Benzo(b)fluoranthene 155 17.4 <LOQ 7.9 129 35 12 11 3.1 <LOQ
Benzo(k)fluoranthene 6.3 6.7 <LOQ 3.9 5.8 1.2 0.8 0.3 15 <LOQ
Benzo(a)pyrene 10.3 12.8 <LOQ 6.2 9.8 1.6 12 3.0 3.0 <LOQ
Indeno(123cd)pyrene 135 11.8 <LOQ 7.2 9.5 1.8 11 0.4 3.3 <LOQ
Dibenz(ah)anthracene 2.2 1.0 <LOQ 1.2 0.8 <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(ghi)perylene 16.8 14.6 <LOQ 8.1 9.6 2.3 1.3 <LOQ 4.0 <LOQ
Sum of PAHs 168.50 143.20 2.40 64.70 110.00 30.60 24.30 24.80 32.60 46.80
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Table E 61: Statistical evaluation of HCH concentrations detead in the passive air samples

MIN MAX MEAN  MEDIAN

HCHs
ng filter 1 ngfilter 1 ngfilter ' ng filter !

Congo 10.2 14.8 12.9 13.4
DRCongo 6.8 16.0 12.6 13.8
Egypt 341 101.8 60.3 47.1
Ethiopia 1.2 38.5 16.5 13.9
Ghana 01 6.3 9.2 8.1 8.4
Ghana 02 33 17.7 9.1 7.9
Kenya 01 4.9 19.7 9.9 7.5
Kenya 02 4.6 30.9 10.5 7.0
Kenya 03 1939.1 9307.5 4517.0 2451.3
Kenya 04 1.7 18.8 9.1 8.3
Kenya 05 1.5 23.6 14.0 13.5
Mali 01 1.9 7.4 4.0 3.5
Mali 02 6.9 45.1 22.3 17.8
Mali 03 4.9 29.4 14.1 9.1
Mali 04 3.4 17.7 10.4 10.2
Mali 05 3.0 7.2 4.5 4.3
Mauritius 2.3 15.6 6.8 4.9
Nigeria 3.6 10.1 6.9 7.5
Senegal 9.9 29.1 20.1 21.2
South Africa 01 2.0 8.9 4.7 4.0
South Africa 02 2.3 123 7.1 4.9
South Africa 03 8.7 43.7 23.4 21.4
Sudan 7.5 18.0 12.4 12.0
Togo 19.7 147.4 60.8 43.3
Tunisia 16.8 17014.4 2860.4 34.0
Zambia 2.0 9.3 4.2 3.5
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Table E 62: Statistical evaluation of PeCB concentrations aeit@ed in the passive air samples

MIN MAX MEAN MEDIAN
PeCB
ng filter 1 ngfilter 1 ngfilter ' ng filter !

Coneo 0.3 1.7 0.9 0.9
DRCongo 0.1 0.8 0.4 0.3
Egypt 8.7 33.0 20.7 22.5
Ethiopia 0.1 1.5 0.9 1.1
Ghana 01 0.3 1.5 0.8 0.7
Ghana 02 0.1 1.2 0.7 0.8
Kenya 01 0.4 1.0 0.6 0.5
Kenya 02 0.1 1.2 0.5 0.3
Kenya 03 6.6 13.8 11.0 11.4
Kenya 04 1.5 3.2 2.2 2.1
Kenya 05 2.6 13.0 6.9 6.0
Mali 01 0.1 1.5 0.6 0.5
Mali 02 0.3 3.3 1.3 0.9
Mali 03 0.1 1.2 0.6 0.5
Mali 04 0.1 1.7 0.8 0.6
Mali 05 0.1 1.8 0.6 0.4
Mauritius 0.1 0.9 0.4 0.4
Nigeria 0.1 1.5 0.7 0.8
Senegal 0.1 1.4 0.7 0.9
South Africa 01 0.1 0.9 0.4 0.2
South Africa 02 0.1 0.9 0.5 0.5
South Africa 03 0.1 1.2 0.6 0.8
Sudan 1.0 2.4 1.6 1.5
Togo 0.3 1.9 1.1 1.2
Tunisia 0.1 37.4 6.9 1.0
Zambia 0.5 0.9 0.7 0.7

Table E 63 :WHO PCDD/F-TEQ and PCB-TEQ from Egypt{8und)

Indicator Level (pg/g fat)
WHO-PCDD/F-TEQ 22.33
WHO-PCB-TEQ 5.48
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Table E 64:Concentrations of the basic POPs in Human Milk &ud" round)

Basic POPs Conc (ng/g fat)
Aldrin ND
Chlordane group 1) 12,8
a-chlordane ND
B-chlordane ND
oxy-chlordane 13,2
trans-nonachlor 34
Dieldrin 1,4
DDT group?2) 1300
o,p-DDD ND
p.,p-DDD 3,2
o,p-DDE 2,2
P,p-DDE 1093
0O,p-DDT 12,2
P,p-DDT 65,9
Endrin group 3) ND
Endrin ND
Endrin ketone ND
Heptachlor group 4) 3,5
Heptachlor ND
Heptachlor-epoxide cis 3,6
Heptachlor-epoxide trans ND
Hexachlorobenzene 3,2
Hexachlorocyclohexane(HCH) group

a-HCH ND
B-HCH 36,5
v-HCH ND
Parlar(toxaphene) group5) ND
Parlar 26 ND
Parlar 50 ND
Parlar 62 ND
Mirex ND
Explanation

ND=Not Detected (<0.5 ng/g fat)

1) sum of alpha-chlordane, beta-chlordane and daydane, calculated as chlordane
2) sum of o0,p"-DDT, p,p'-DDT, p,p'-DDE, and p,p'-DPcalculated as DDT

3) sum of endrin and endrin ketone, calculatedchdsie

4) sum of heptachlor and heptachlor-epoxide(cis#)acalculated as heptachlor

5) sum of parlar 26, parlar 50 and parlar 62
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Table E 65:Concentrations of PCBs in Human Milk (Sudafi,rdund)

PCBs Sudan

Indicator-PCB Conc (ng/g fat)

PCB 28 0,65

PCB 52 0,31

PCB 101 0,31

PCB 138 15,0

PCB 153 21,5

PCB 180 11,3

Sum indicator PCBs 49,1

Mono-ortho PCB Conc (ng/g fat)

PCB 105 2,51

PCB 114 0,30

PCB 118 8,44

PCB 123 0,09

PCB 156 2,85

PCB 157 0,36

PCB 167 0,75

PCB 189 0,17

Non-ortho PCB Conc (pg/g fat)

PCB 77 4,59

PCB 81 <2

PCB 126 12,5

PCB 169 4,5

WHO-mono ortho PCB-TEQ 2,9

WHO-non ortho PCB-TEQ 1,3

WHO-PCB-TEQ 4,2
Explanation:

< = below LOQ (caculation of TEQ including ful0Q)
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Table E 66:Concentrations of dioxins and furans in Human N8kidan, & round)

DIOXINS/FURANS
Conc (pg/g fat)

2,3,7,&substituted PCDD/PCL-congenet

2,3,7,¢TCDD 0,57
1,2,3,7,-PeCDL 1,5¢
1,2,3,4,7,-HxCDD 0,7t
1,2,3,6,7,-HxCDD 3,3¢
1,2,3,7,8,“HxCDD 1,8¢
1,2,3,4,6,7,-HpCDD 8,1(
OCDD 18,¢
2,3,7,6¢TCDF 0,57
1,2,3,7,-PeCDF 0,4¢€
2,3,4,7,-PeCDF 5,4¢€
1,2,3,4,7,-HXCDF 2,2C
1,2,3,6,7,-HXCDF 2,0C
2,3,4,6,7,r-HXCDF 0,94
1,2,3,7,8,-HxCDF 0,12
1,2,3,4,6,7,-HpCDF 0,94
1,2,3,4,7,8,9-HpCDF 0,12
OCDF 0,12
WHO-PCDD/F-TEQ 6,2

Explanation

< = below LOQ (caculation of TEQ including full LQQ
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Table E 67: Concentrations (ng/g) of POPs residues in humak faiiland whole milk from South
Africa (2006)

POPs Whole Milk Milk Fat
DDT 34,3 1164,9
DDE 57,3 1716,6
DDD 2,8 85,7

Source: Bouwman et al. (2006)

Table E 68:POPs residues in human milk from South Africa (2006

Pesticides Levels (ug/kg)
DDT 1199.2

DDE 1773.9

DDD 88.5

Table E 69:Levels (ng/g) of organochlorine pesticide residnesater and sediments from
South Africa (2003)

Water (ng/g) Sediment (ng/g))
HCB 209.7 63.1
Heptachlore 48.0 22.3
Aldrin 36.2 8.4
DDE 36.7 4.5
Dieldrin 26.1 5.8
DDD 111.7 18.5
Endrin 211 11.2
DDT 215.0 20.9
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Table E 70:POP pesticides in human blood from Ghana (2008)

Pesticides Milk Blood
DDE 44.8 7.1
DDD 8 0
DDT 31.4 0.5
Dieldrin 122.8 127
HCB 4.9 5.3

Table E 71: Concentrations (ng/g) of POPs in human milk anad|deef meat, water, sediments
and crops from Ghana

Meat Milk Water Sediments Crops
2006 Blood 2001 2001 2001 2001 2001
DDT 489.355
DDE 40.34 380 490 0 0.46 0
DDD 0 0 0 0 0 0
Aldrin 4.165 0 0 0 0
Dieldrin 14.32 0 0 0 0
Heptachlor 0.63 1.65
HCB 0 30 40 0 0.9 0

Source: Amoh et al. (2006); Ntow (2001)

Table E 72:POPs residues Water, sediments and fish from G2008)

Pesticides Water Sediment Fish
Aldrin 0 0.065 0.0178
Dieldrin 0 0.072 0.035
DDE 0.061 8.342 5.232
DDT 0.012 4.41 3.645

Source: Ntow et al. (2008)
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Table E 73:POPs in water from Senegal in 2003

POPs Water Soil
HCB 0.4 1.2
Heptachlor 8.8 1.7
DDT 63.9 24.2
Aldrin 0.5 0.6
Dieldrin 0.1 1.5
Endrin 2.7 0.3
Mirex 2.8 0.3

Source : Manirakiza et al. (2003)

Table E 74:Concentrations (ng/g) of pesticides residues ih&@ual water from Mali

POP: Soil Water
Koutiale Sikasst Kita Sar Kita/San
Dieldrin 0 0 <QL <QL
pp'DDC 0 0 <QL <QL <QL
pp'DDE 121 2C <QL <QL <QL
DDT 11 0 <QL <QL <QL
<QL

Source: Dem et al. (2007)
QL = Quantification Limit

Table E 75:POPs residues levels in fish from Burundi (1999)

POPs B. microlipis  C.sianenna  O. niloticus L. stapersiiL. miodon S. tanganyikae L. angustifrousm(z]?gn)
HCB 19.t 24 6.5 3.€ 3.t 6.5 2.1 6.3
Heptachlo 0 13.€ 0 12. 2.4 18.2 0 6.€
DDT 196.- 53.2 181.t 91.¢ 11.€ 28.Z 13.4 82.C
DDE 589.2 242.6 287.7 70.1 42.5 80.8 70.6 197.6
DDD 123.7 53.6 55.4 20.6 14.2 14.9 11.4 42.0
Aldrin 0 42.5 9.5 0 0 0 3.5 7.9
Dieldrin 0 6.1 0 0 0 0 10.2 2
Endrir 14.¢ 5.1 15.4 1.G 0 2.5 3.t 6.1
Mirex 54.¢ 26.5 16.€ 132 0 3.1 3.5 33.¢

172



Table E 76:POPs in fish from Nigeria (2007)

POPs Levels (ug/g)
DDT 0.06

DDE 0.04
DDD 0.03
Aldrin 0.03

Source: Ize-lyamu et al. (2007)

Table E 77:POPs in fish from Tanzania (2002)

Samples
Pesticides 1 2 3 3 3 3 3 3 Means
DDT 3.7 4.4 34 11 1€ 1€ 2.€ 2.7 2.7
DDE 11.4 6.2 42.6 39 72 31 187 25 12.0
DDD 5.3 2 7 25 42 19 95 115 55
Dieldrin 0 0 2.7 0 0 0 0 1.2 0.5

Source :Mwevura et al. (2002)
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COUNTRY SAMPLING_S - "CODE
Congoe ex-site ORSTOMde Brazzavi CON
DR Congo Kinshasa Univ. Campus DRC
Egypt Cairo EGY
% __Ethiopia Asela ETH
Ghana Kwabenya GHA
Kenya Mt. Kenya KEN
Mali Tombouctou MAL
Mauritius Reduit MAU
~Nigeria Sheda NIG
isenegal Dakar SEN
SouthAfrica  Molopo Nature reserv SAF
Sudan Khartum SuD
~Togo Koumakonda TOG
Tunisia Tunis TUN
Zambia Lusaka IA ZAM
- e

HCHs_01 o 3 “MAU
[ HeHs_o2 \ gﬁ > .

HCHs_03 i £

HCHs._04 \ ) /’

HCHs_05 Y i

HCHs_06 e et

Figure E 1: HCH levels (sum oé, B, y, 3-HCH) in the ambient air (PAS, ng filtérin Africa,
January-July, 2008

COUNTRY SAMPLING_S ACODE
Congo ex-site ORSTOM de Brazzavi CON
DR Congo Kinshasa Univ. Campus DRC
J.=~-Egypt Cairo EGY
R Ethiopia Asela ETH
Ghana Kwabenya GHA
Kenya Mt. Kenya KEN
Mali Tombouctou MAL

Mauritius Reduit MAU
\\‘/‘;Nigeria Sheda NIG
' Senegal Dakar SEN
South Africa Molopo Nature reserv SAF
Sudan Khartum SuD
Togo Koumakonda TOG
Tunisia Tunis TUN
Zambia Lusaka IA ZAM

HCHs_01
HCHs_02
HCHs_03
HCHs_04
HCHs_05
HCHs_06

Figure E 2: HCH levels (sum oé, B, v, 8-HCH) in the ambient air (PAS, ng filtérin Africa (two
sites excluded), January-July, 2008
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Figure E 4: Endosulfan levels (sum of Endosulfan | and 1)lie ambient air (PAS, ng filtéy in
Africa, January-July, 2008
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Figure E 5: PeCB levels in the ambient air (PAS, ng filtein Africa, January-July, 2008
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Figure E 6: PeCB levels in the ambient air (PAS, ng filtein Africa (Egypt and Tunisia excluded),
January-July, 2008
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Figure E 7: PAH levels (sum of 16 US EPA PAHS) in the ambign{RAS, ng filter!) in Africa,
January-July, 2008

— T..S e
COUNTRY SAMPUNG_S CODE
Ethiopia Asela ETH
Ghana Kwabenya GHA
Kenya Mt. Kenya KEN
Mali Tombouctou MAL
Mauritius Reduit MAU
.~ Senegal Dakar SEN

‘- South Africa Molopo Nature reserv SAF
Sudan Khartum SUD
Togo Koumakonda TOG
Tunisia Tunis TUN
Zambia Lusaka IA ZAM

o B

I 16_PaHs

Figure E 8: PAH levels (sum of 16 US EPA PAHS) in soil (ng) gn Africa, 2008
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AFRICA 2008, KENYA
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Figure E 9: Sampling sites in Kenya, 2008
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Figure E 10: PCB levels (7 indicator congeners) in the ambi@niRAS, ng filter*) in Kenya,
January-July, 2008
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Figure E 11: HCH levels (sum o, B, y, 5-HCH) in the ambient air (PAS, ng filt&rin Kenya,
January-July, 2008
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Figure E 12: HCH levels (sum o, B, y, -HCH) in the ambient air (PAS, ng filt8rin Kenya (one
site excluded), January-July, 2008
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Figure E 14 :HCH levels (sum of, B, y, 3-HCH)) in soil (ng ¢ in Kenya, 2008
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Figure E 15:DDT levels (sum ob,p’- andp,p’-DDT, DDE, DDD) in the ambient air (PAS, ng
filter) in Kenya, January-July, 2008
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Figure E 16: DDT levels (sum ob,p’- andp,p’-DDT, DDE, DDD) in the ambient air (PAS, ng
filter) in Kenya (one site excluded), January-July, 2008
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Figure E 18: HCB levels in soil (ng“pin Kenya, 2008
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Figure E 21: PAH levels (sum of 16 US EPA PAHSs) in the ambien{RAS, ng filter) in Africa,
January-July, 2008
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Figure E 22: PAH levels (sum of 16 US EPA PAHS) in soil (n§) én Kenya, 2008
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AFRICA 2008, MALI
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Figure E 24: PCB levels (7 indicator congeners) in the ambientRAS, ng filter") in Malli,
January-July, 2008
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Figure E 26: HCH levels (sum of, B, y, 8-HCH) in the ambient air (PAS, ng filtérin Mali,
January-July, 2008
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Figure E 28:DDT levels (sum 0b,p’- andp,p’-DDT, DDE, DDD) in the ambient air (PAS, ng
filter) in Mali, January-July, 2008
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Figure E 29:DDT levels (sum ob,p’- andp,p’-DDT, DDE, DDD) in the ambient air (PAS, ng
filter) in Mali (one site ecluded), January-July, 2008
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Figure E 30: HCB levels in the ambient air (PAS, ng filt¢in Mali, January-July, 2008
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Figure E 32: PeCB levels in the ambient air (PAS, ng fiftein Mali, January-July, 2008
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Figure E 34: PAH levels (sum of 16 US EPA PAHS) in the ambien{RAS, ng filter") in Mali,
January-July, 2008
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Figure E 35: PAH levels (sum of 16 US EPA PAHSs) in soil (g ¢gn Mali, 2008
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TRAJECTORY ANALYSES FOR LONG-RANGE TRANSPORT

11.1.-11.2.2008 11.2.-11.3.2008 11.3.-8.4.2008

8.4.-6.5.2008 6.5.-3.6.2008 3.6.-1.7.2008

Figure E 36: Variability of the back trajectories for Orstom Beazzaville (Congo) in a six
months sampling period (January — June, 2008)
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8.4.-6.5.2008

3.6.-1.7.2008

Figure E 37: Variability of the back trajectories for Kinshag2efmocratic Republic of Congo) in
a six months sampling period (January — June, 2008.
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3.3.-31.3.2008
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25.5.-22.6.2008

Figure E 38: Variability of the back trajectories for Cairo (gyin a six months sampling

period (January — June, 2008)
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5.6.-4.7.2008

Figure E 39: Variability of the back trajectories for Asala (kipia) in a six months sampling

period (January — June, 2008)
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Figure E 40: Variability of the back trajectories for Kwabeny@h@ana) in a six months sampling
period (January — June, 2008)
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6.5.-6.6.2008 6.6.-3.7.2008 3.7.-8.8.2008

Figure E 41:Variability of the back trajectories for Kabete (&) in a six months sampling
period (March — August, 2008)
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8.6.-5.7.2008

e

Figure E 42: Variability of the back trajectories for Bamako (Man a six months sampling

period (January — June, 2008)
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31.3.-28.4.2008 28.4.-10.6.2008 10.6.-24.6.2008

Figure E 43: Variability of the back trajectories for Reduit (M&ius) in a six months sampling
period (January — June, 2008)
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el
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Figure E 46: Variability of the back trajectories for Sheda (Blig) in a six months sampling

period (January — June, 2008)
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28.4.-26.5.2008 26.5.-23.6.2008

Figure E 45: Variability of the back trajectories for Darkar (®gal) in a six months sampling
period (January — June, 2008)
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Figure E 46: Variability of the back trajectories for Barbersg&outh Africa) in a six months

sampling period (January — June, 2008)
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Figure E 47: Variability of the back trajectories for Molopo (&b Africa) in a six months

sampling period (January — June, 2008)
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Figure E 48: Variability of the back trajectories for Khartumu@@n) in a six months sampling

period (January — June, 2008)
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25.5.-23.6.2008

Figure E 49: Variability of the back trajectories for Koumakon@ago) in a six months

sampling period (January — June, 2008)
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Figure E 50: Variability of the back trajectories for Tunis (Tigid) in a six months sampling

period (January — June, 2008)
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7.1.-4.2.2008

4.2.-3.3.2008

3.3.-31.3.2008

Figure E 51: Variability of the back trajectories for Lusaka (@hia) in a six months sampling

period (January — June, 2008)
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