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Abstract 

The report presents the results of the measurements of grain size, total organic carbon (TOC), 
hydrocarbons and metals in surface sediments (>100 samples) collected from 40 locations off 
the coast of northern Mozambique during an environmental survey in March–April 2018. The 
survey was carried out from the R/V Dr Fridtjof Nansen in the following areas:  
(i) Pemba – planned gas industry logistic base, (ii) Ibo Island (Quirimbas National Protected 
Area) to St. Lazarus Bank – the reference area, and (iii) Palma - gas exploration area. The 
contents of fine-grained fraction (<63 μm) of the sediment varied strongly in all areas from 
coarse sediment to high mud contents, whereas TOC levels were generally low and correlated 
poorly with fine-grained fraction. Background levels of hydrocarbons and metals were found 
in most of the samples. Anthropogenic contamination was found at one site in Pemba 
harbour. No oil-related contamination was demonstrated, including the Palma area where gas 
exploration is concentrated. Elevated concentrations of barium and total hydrocarbon 
content at some locations in the Palma area are attributed to drilling activities but are not 
considered to be of environmental concern. Based on the measured concentrations of 
chemicals, background concentrations for the studied areas are proposed. 
 

 

Keywords:  
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1. Introduction 

1.1 Background 
 
The EAF-Nansen Programme “Supporting the Application of the Ecosystem Approach to 
Fisheries Management Considering Climate and Pollution Impacts (GCP/GLO/690/NOR)”, is a 
partnership executed by the Food and Agriculture Organization of the United Nations (FAO), 
involving the Institute of Marine Research (IMR), Bergen, Norway, and funded by the 
Norwegian Agency for Development Cooperation (Norad). The aim is to promote sustainable 
utilization of marine living resources and improved protection of the marine environment. The 
programme is built around three areas of work that contribute to sustainable fisheries and 
the improvement of food and nutrition security for people and partner countries: fisheries 
research to help fishery institutions provide relevant and timely scientific advice for 
management; evidence based fisheries management, supporting fisheries management 
institutions to sustainably manage their fisheries in accordance with the ecosystem approach 
to fisheries principles; and capacity to sustainably manage fisheries, supporting the 
development of human and organisational capacity for fisheries management and research 
institutions in partner countries. 
 
To ensure smooth implementation of the programme a Science Plan coherent with the needs 
and aspirations of partner countries was prepared. The plan was developed with the 
involvement of international partners. The plan provides scientific and policy direction and 
strategy for the EAF-Nansen Programme, with respect to science and including vessel 
activities. The Science Plan has eleven themes within the following three main research areas: 
Sustainable fisheries (EAF); Impacts from pollution (oil/mining/land-based sources); and 
Climate change impacts. 
 
In line with the Science Plan, an environmental survey using the R/V Dr Fridtjof Nansen (Survey 
2018403) was carried out in northern Mozambique from 21 March to 4 April 2018. The 
collaboration for the survey was agreed to with the signing of a Memorandum of 
Understanding between FAO and the Ministry of the Sea, Inland Waters and Fisheries 
(MIMAIP) on behalf of the Government of the Republic of Mozambique in 2017. The Fisheries 
Research Institute (IIP) at MIMAIP is the main project partner. Prior to the survey, a pre-survey 
meeting was held in Maputo in February 2018, wherein the survey objectives were agreed on 
in collaboration with National and International partners. In March 2018, prior to the cruise, 
meetings with Empresa Nacional de Hidrocarbonetos (ENH), National Petroleum Institute 
(INP) and Anadarko (operator in Area 1 in the Rovuma Basin) were arranged. The companies 
provided information about the concessions, the historic activity and the plans for future 
activities. They also provided the locations of drilled wells in the survey area and plans for new 
wells and other infrastructure. This information was mandatory for a successful cruise. 
 
The objective of the survey was to collect data that will contribute to a marine environmental 
baseline for marine habitats, marine biodiversity and the levels of pollutants in the Cabo 
Delgado Province. The survey is the first independent environmental baseline survey carried 
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out in petroleum concession areas in Mozambique. Twenty-seven scientists (16 from 
Mozambique, 1 from Tanzania, and 10 from Norway) participated in the survey. A wide range 
of data and samples were collected from shallow water (5 m) near the shoreline to about 2000 
m bottom depth offshore (Figure 1.1). The sampling included the collection of sediment for 
metal, hydrocarbon, grain size and total organic carbon (TOC) analysis using a Video Assisted 
Multi Sampler (VAMS), as well as detailed bathymetric surveys, benthic fauna collection, video 
material, microplastics, ichthyoplankton, fish for the analysis of contaminants, ocean current 
measurements, profiles of physical ocean characteristics (Temperature, Salinity, Oxygen and 
Fluorescence), hydroacoustic data, and meteorological data.  
 
A cruise report for the survey has been prepared (Serigstad et al., 2020). The cruise report 
provides a detailed description of the area covered and sampling performed and 
measurements made during the survey. The areas covered by the survey and the cruise track 
are provided in Figure 1.1. 
 
Figure 1.1. Map showing cruise track and sampling stations for the survey in northern Mozambique 

 

Source: EAF-Nansen Programme, 2018. 
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A post-survey meeting was held in Maputo from 1 to 3 August 2018, with the purpose of 
reviewing the data and the samples collected during the survey. Different stakeholders 
participated in the meeting, including government representatives from the Environment, 
Petroleum and Fisheries sectors, and private sector. At the meeting several follow up research 
projects were identified, including the preparation of a report on the physical and chemical 
properties (organic pollutants and metals) of sediment samples collected as part of the survey. 
These properties are presented in the current report. 

Figure 1.2. The participants of the Leg 1.3 – environmental survey with R/V Dr Fridtjof Nansen in 
northern Mozambique, April 2018 
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1.2 Studied contaminants 

1.2.1 Sediment studies  

 

Sediments represent a considerable sink for contaminants. Organic contaminants are, as a 
rule, supplied to sediment bound to organic particles. Many inorganic contaminants will also 
adsorb onto suspended particulate matter, including organic particles. Organic matter forms 
part of sediment material, first of all fine-grained sediments such as clay and silt. Coarse 
sediments, such as sand, usually contain little organic material and do not give a good 
indication of the level of contamination. It is, therefore, sediment samples with a high content 
of fine-grained material (<63 µm grain size, i.e. clay and silt, commonly grouped as mud 
fraction) which are preferable for environmental studies. Relevant analyses, therefore, 
include grain size determination and the amount of particulate organic matter in sediment, 
expressed as TOC.  
 
No sediment quality guidelines have been established for Mozambique coastal and marine 
waters. It is, therefore, necessary to consider guidelines from other jurisdictions. For the 
purposes of this survey, condition classes established by the Norwegian Environmental Agency 
(NEA) for considering levels of contamination in coastal sediments for some contaminants 
(NEA, 2016) were used. The condition classes include Environmental Quality Standard (EQS) 
values established by the European Union (EU). The condition classes range from Class I 
(“background” levels) to Class V (extensive acute toxic effect). Classes IV and V indicate 
environmental contamination leading to considerable toxic effects, whereas Class III indicates 
warning levels possibly leading to long-term effects and Class II indicates levels above the 
background leading to no toxic effects. 
 

1.2.2 Hydrocarbons 

 

Total hydrocarbon content (THC) is a general indicator of total hydrocarbon levels in an area. 
It includes polycyclic aromatic hydrocarbons (PAH), monoaromatic hydrocarbons, alkanes, 
and cycloalkanes. Highly elevated levels of THC may indicate oil contamination. Natural 
sources may also contribute to THC levels. There are no condition classes established for THC. 
A threshold value of 50 mg/kg dry weight is used for possible environmental effects on marine 
organisms (OSPAR, 2009). 
 
PAH are a large class of compounds consisting of two or more fused aromatic rings. Several 
PAH have been identified as carcinogens, including benzo[a]pyrene (BAP). PAH may also have 
other negative effects on marine biota (Neff, 2002).  
 
PAH may originate from different sources, both natural and anthropogenic (Table 1.1). In 
environmental samples, it may be difficult to distinguish the sources as they typically contain 
a mixture from different sources. However, one may be able to indicate the dominant source 
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for each sample by studying particular PAH indicator compounds or groups of compounds, 
such as PAH161 for combustion-related PAH, and NPD2 for oil-related PAH (Table 1.1).  

Table 1.1. Sources of PAH in the marine environment, and types of PAH characteristic for each source 

 PAH origin 

Petrogenic Pyrogenic Biogenic 

Sources Fossil fuels Products of incomplete 
combustion of organic 
material 

Biological processes 

Examples of natural 
sources 

Coal, oil Forest fires, volcanoes Microbial activity 

Examples of 
anthropogenic sources 

Oil spills Coal and wood burning,  
boat and car exhaust 

- 

Types of PAH Light and alkylated PAH Heavy, non-alkylated 
PAH 

Some heavy PAH 

Examples of 
representative PAH 

Naphthalene, 
phenanthrene, 
alkylnaphthalenes, 
alkylphenanthrenes 

Phenanthrene, 
fluoranthene, pyrene, 
benzo[a]pyrene, 
benzo[ghi]perylene 

Perylene 

Indicator* NPD PAH16 Perylene 

 
The NEA has established condition classes for BAP in harbour and coastal sediments 
(Table 1.2).  
 
Table 1.2. Norwegian Environmental Agency (NEA) condition classes for BAP in sediment (NEA, 2016) 

The colour coding is shown for each class 

Class Condition Concentration limits (µg/kg dry weight) 

I Background < 6.0 

II Annual average EQS 6.0 – 183 

III Annual maximum EQS 183 – 230 

IV Poor 230 – 13 100 

V Extensive acute toxic effect > 13 100 

 

 

1.2.3 Metals 

 

Metals occur naturally in the environment. Some are required for the normal physiological 
functioning of plants and animals, such as copper and zinc, but only in trace amounts. At 
elevated concentrations they may become toxic. Other metals, such as lead and mercury, have 
no known biological function and may be toxic at very low concentrations.  
 
Condition classes used to assess metal concentrations in sediment are provided in Table 1.3.  

                                                 
1 PAH16 – sum of naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, 
dibenz[a,h]anthracene, benzo[ghi]perylene. 
2 NPD – sum of naphthalene, phenanthrene, dibenzothiophene and their alkylated homologues. 
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Table 1.3. Norwegian Environmental Agency (NEA) condition classes (mg/kg dry weight) for metals in 
sediment (NEA, 2016) 

The colour coding is shown for each class 

Class Condition As Pb Cd Cr Cu Hg Ni Zn 

I Background <15 <25 <0.2 <60 <20 <0.05 <30 <90 

II Annual 
average EQS 

15 – 18 25 – 150 0.2 – 2.5 60 – 660 20 – 84 0.05 – 
0.52 

30 – 42 90 – 139 

III Annual 
maximum 
EQS 

18 – 71 
 

150 –  
1 480 

 

2.5 – 16 660 –  
6 000 

84 0.52 – 
0.75 

42 – 271 139 – 
750 

IV Poor 71 – 580 1480 –  
2 000 

16 – 157 6,000 – 
15 500 

84 – 147 0.75 – 
1.45 

271 - 
533 

750 –  
6 690 

V Extensive 
acute toxic 
effects 

>580 >2 000 >157 15 500 – 
25 000 

>147 >1.45 >533 >6 690 

 
Since metals occur naturally in sediment, their mere presence does not indicate 

contamination. To identify if sediment is contaminated, naturally occurring concentrations 

must be distinguished from anthropogenically enhanced concentrations. This is often 

accomplished by the procedure of geochemical normalisation, wherein metal concentrations 

are mathematically normalised to a co-occurring conservative element that acts as a proxy for 

the grain size variation of sediment (Hanson et al., 1993; Kersten and Smedes, 2002). This 

results in the definition of baseline metal concentration models (hereafter baseline models) 

The purpose or normalisation is to compensate for variables that influence the natural 

variation of metal concentrations in sediment such that after normalisation concentrations in 

equally contaminated or uncontaminated sediment with a different grain size do not differ 

significantly (Kersten and Smedes, 2002). The procedure used to define baseline models is 

described in section 2.2.2 below. 

 



 

 
7 

2. Methods 

2.1 Sampling 
 
The survey covered several areas in northern Mozambique, including the areas of gas 
exploration. Sediment samples were collected in the following three areas (Figure 2.1):  
 
1. The area around Pemba harbour, where there are plans for a logistic base for the gas 

exploration industry in northern Mozambique.  
2. A transect extending from Ibo Island in the Quirimbas National Protected Area to St. 

Lazarus Bank. This was planned as a reference area, being only slightly affected by human 
activities. 

3. The gas exploration area outside Palma in the Rovuma Basin, partly lying in concession 
Area 1 (operated by Anadarko) and partly in concession Area 4 (operated by Eni). The 
future production fields for gas and condensate will be connected via pipelines to a 
liquefied natural gas processing plant in Palma.  

 
The sampling program for the survey is described in detail in the cruise report (Serigstad et 
al., 2020). Only sampling relevant to sediment collection and chemical and geochemical 
analysis is described in this report. 

Figure 2.1. Map showing the locations of sediment sampling stations and exploration wellheads in the 
three sampled areas 

 
Source: EAF-Nansen Programme, 2018. 
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Sediment was collected using the Video Assisted Multi Sampler (VAMS), which was specially 
developed to improve sampling in terms of visual inspections, reliability, speed, accuracy, and 
the ability to carry an array of relevant sensors (Figure 2.2). The current version of the VAMS 
consists of a sampling platform with hydraulically operated grabs, current meter, CTD and 
sonar. A remotely operated underwater vehicle (ROV) with HD cameras and a 30 m umbilical 
is integrated in the sampling platform to capture high resolution video and still pictures from 
the seabed. The VAMS can operate to a depth of 2 500 m and collect nine parallel sediment 
samples into five grabs. Four of the five grabs are double-chamber, including 0.1 m2 surface 
area for biological samples and 0.05 m2 surface area for chemical samples.  
 
Figure 2.2. The Video Assisted Multi Sampler (VAMS) ready for deployment from the R/V 
Dr Fridtjof Nansen in the northern Mozambique survey 

 
 
Sediment samples were collected using five grabs mounted on the VAMS (Figure 2.3). Once 
the VAMS was landed on deck and secured, surface water overlying sediment in the grabs was 
drained, the volume of the sample measured, and the sample validated in terms of volume, 
undisturbed surface and leakage. Samples from shallow waters (<20 m depth) were collected 
from a small work boat on the R/V Dr Fridtjof Nansen, using a hand operated Van Veen grab 
with a surface area of 0.025 m2.  
 
The upper centimetre of sediment in the grabs was removed for chemical analysis using a 
spatula (plastic for samples meant for metal analysis and steel for samples meant for 
hydrocarbon analysis). The sediment was transferred to Rilsan bags, labelled with the station 
notation, date, depth and sample number, and stored in the vessel’s fridge before shipment 
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on dry ice to Norway for analysis. All information on the sampling and samples collected was 
recorded in a sampling journal.  
 
Figure 2.3. Video Assisted Multi Sampler (VAMS) grab ready for sampling 

 
 
A description of the sampling locations and stations is provided in Table 2.1, together with the 
number of parallel sediment samples taken and the type of laboratory analysis. There were 
eight stations in the Pemba area, eight stations in the Ibo – St. Lazarus area, and 24 in the 
Palma area. Three samples were taken from each station where possible, while pooled 
samples were taken for TOC and grain size analysis. THC was analysed in one sample per 
station, while metals and PAH were analysed in all the available sediment samples, as 
described in Table 2.1. 
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Table 2.1. Sampling locations, station names, the date of sampling, depth of water column at the 
sampling station, and the type of analyses performed on sediment samples 

Area Station Date 
Coordinates 

Depth 
(m) 

Number of samples  
S E 

PAH Metals 
Grain size 
and TOC* 

Pemba PEM 1 22.03.2018 12°58.06’ 40°29.12’ 18 3 3 3 
 PEM 2 22.03.2018 12°56.46’ 40°33.64’ 68 3 3 3 
 PEM 3 23.03.2018 12°55.58’ 40°33.03’ 441 2 2 2 
 PEM 4 23.03.2018 12°54.34’ 40°32.09’ 132 3 3 3 
 PEM 5 23.03.2018 12°54.69’ 40°36.47’ 217 2 2 3 
 PEM 6 24.03.2018 12°52.00’ 40°38.00’ 1 080 3 3 3 
 PEM 7 24.03.2018 12°49.03’ 40°38.56’ 284 1 3 3 
 PEM 8 24.03.2018 12°49.57’ 40°34.55’ 58 3 3 3 

Ibo – St. 
Lazarus 

LAZ 1 25.03.2018 12°19.75’ 40°37.59’ 29 3 3 3 
LAZ 2 25.03.2018 12°19.73’ 40°37.71’ 66 3 3 3 

 LAZ 3 25.03.2018 12°19.67’ 40°37.98’ 93 3 3 3 
 LAZ 4 26.03.2018 12°17.82’ 40°22.02’ 1 090 3 3 3 
 LAZ 6 26.03.2018 12°16.15’ 40°25.79’ 33 3 3 3 
 LAZ 7 27.03.2018 12°10.76’ 40°24.12’ 27 2 2 3 
 LAZ 8 27.03.2018 12°13.39’ 40°22.19’ 93 3 3 3 
 LAZ 9 27.03.2018 12°19.18’ 40°52.36’ 1 739 3 3 3 

Palma TUN 1 28.03.2018 10°45.55’ 40°36.63’ 19 3 3 3 
 TUN 2 28.03.2018 10°43.86’ 40°38.14’ 75 3 3 3 
 TUN 3 29.03.2018 10°41.68’ 40°45.17’ 756 2 2 3 
 TUN 4 29.03.2018 10°39.91’ 40°49.04’ 1 004 3 2 3 
 TUN 5 29.03.2018 10°38.97’ 40°53.17’ 1 268 2 2 3 
 TUN 0 01.04.2018 10°45.48’ 40°37.89’ 44 3 3 3 
 MEB 1 01.04.2018 10°33.46’ 40°39.29’ 460 3 3 3 
 MEB 1.S.S.50 02.04.2018 10°33.48’ 40°39.28’ 469 1 2 2 
 MEB 1.S.W.50 02.04.2018 10°33.45’ 40°39.25’ 460 2 2 2 
 MEB 1.S.N.50 02.04.2018 10°33.42’ 40°39.28’ 462 2 2 2 
 MEB 0 02.04.2018 10°33.78’ 40°33.43’ 49 3 3 3 
 MET 4 30.03.2018 11°11.89’ 40°05.60’ 1 840 2 3 3 
 MET 3 30.03.2018 11°06.13’ 40°02.77’ 1 928 3 3 3 
 RUN 2 31.03.2018 10°53.37’ 40°45.74’ 504 3 3 3 
 RUN 0 31.03.2018 10°53.55’ 40°43.24’ 202 3 3 3 
 RUN 31.03.2018 10°53.49’ 40°42.81’ 44 3 3 3 
 RUN 5 31.03.2018 10°53.70’ 40°40.40’ 5 3 3 3 
 RUN 1 01.04.2018 10°53.24’ 40°48.41’ 760 3 3 3 
 RUN.S.500 02.04.2018 10°53.53’ 40°48.41’ 744 2 2 2 
 RUN.S.100 02.04.2018 10°53.31’ 40°48.41’ 744 2 2 2 
 RUN.S.50 02.04.2018 10°53.37’ 40°48.41’ 744 2 2 2 
 RUN 1.N.50 02.04.2018 10°53.21’ 40°48.40’ 759 2 2 2 
 RUN 1.W.50 02.04.2018 10°53.24’ 40°48.37’ 752 2 2 2 
 RUN 1.E.50 02.04.2018 10°53.24’ 40°48.43’ 753 1 1 2 

*Combined to provide one pooled sample 
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2.2 Analytical methods 

2.2.1 Hydrocarbons  
 
Analyses of THC and PAH in sediments were performed using accredited methods at IMR. 
Sediments were air-dried, and seven deuterated PAH internal standards were then added to 
the samples. The samples were extracted using accelerated solvent extraction (Dionex ASE 
300). They were cleaned up by copper treatment, followed by silica clean up. The samples 
were then analysed for THC using a GC-FID, followed by GC-MS (EI) analysis for PAH. A total 
of 49 single PAH compounds were analysed, reported separately and as total PAH: 
Naphthalene, 2-methylnaphthalene, 1-methylnaphtalene, biphenyl, 2,6-
dimethylnaphthalene, 1,3-dimethylnaphthalene, 2,3-dimethylnaphthalene, 1,4-
dimethylnaphthalene, acenaphthylene, acenaphthene, dibenzofuran, 1,3,7-
trimethylnaphthalene, 2,3,5-trimethylnaphtalene, 1,2,3-trimethylnaphthalene, 1,4,6,7-
tetramethylnaphthalene, 1,2,5,6-tetramethylnaphthalene, fluorene, 1-methylfluorene, 9-
ethylfluorene, dibenzothiophene, phenanthrene, anthracene, 4-methyldibenzothiophene, 3-
methylphenanthrene, 2-methylphenanthrene, 9-methylphenanthrene, 1-
methylphenanthrene, 4-ethyldibenzothiophene, 3,6-dimethylphenantrene, 4-
propyldibenzothiophene, 1,7-dimethylphenanthrene, 1,2-dimethylphenanthrene, 2,6,9-
trimethylphenanthrene, 1,2,6-trimethylphenanthrene, 1,2,7-trimethylphenanthrene, 1,2,6,9-
tetramethylphenanthrene, fluoranthene, pyrene, benz[a]anthracene, chrysene, 
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[j]fluoranthene, benzo[e]pyrene, 
benzo[a]pyrene, perylene, indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene, 
benzo[ghi]perylene. THC were analysed in the chromatogram region corresponding to alkanes 
C12 - C35. Base oil HDF-200 was used as an external standard for quantifying THC. Limits of 
quantification were 0.5 µg/kg dry weight for PAH and 2.0 mg/kg dry weight for THC. 
 
2.2.2 Metals and sediment characteristics  
 
The analyses of metals, trace elements, and sediment characteristics (grain size and TOC) were 
performed by ALS Laboratory Group Norway AS, Oslo, Norway. Accredited methods were used 
for the analyses. Eleven metals and trace elements were analysed, including arsenic, barium, 
cadmium, chromium, copper, iron, lead, manganese, mercury, nickel, and zinc. The methods 
used were EPA 200.7, ISO 11885, EPA 6010 and SM 3120. Limits of quantification varied 
between 0.1 and 5.0 mg/kg dry weight. Although arsenic is technically a metalloid, for the 
purposes of this report it is referred to as a metal. 
 
Grain size was analysed for 17 fractions, from >63 mm to <2 µm. The results for the <63 µm 
fraction, corresponding to the sand/silt classification limit (OSPAR, 1998) are primarily used in 
this report. The method used for grain size determination was ISO 11277:2009, combining wet 
sieving and laser diffraction. The limits of quantification were 0.01 percent for each fraction. 
TOC was analysed by IR (LECO) using ISO 29541 or comparable method and reported as 
percent dry weight with a limit of quantification of 0.1 percent. 
 
Baseline models were defined by fitting a linear regression and 99 percent prediction limits to 
scatter plots of metal and iron concentrations. Metal concentrations falling outside the 



 

 
12 

prediction limits were considered to be outliers and sequentially trimmed, starting with the 
concentration with the largest residual, reiterating the regression, and proceeding in this way 
until all concentrations fell within the prediction limits. Iron is used as a proxy for the variation 
in the mud fraction of the sediment. Although the average iron concentration in sediment 
sampled for this study is strongly positively correlated to the mud fraction (r = 0.837, p < 
0.001), the relationship would probably be stronger if actual iron concentrations and mud 
fractions in each sample rather than the average mud fraction were available for analysis. This 
is because there was often considerable variation in the iron concentration amongst replicate 
sediment samples collected at any particular station.  
 
Figure 2.4. Relationship between the average iron concentration and average mud fraction of 
sediment collected in northern Mozambique 

 
 
Arsenic and cadmium concentrations in sediment sampled for this study are very weakly 
correlated to iron concentrations, even after the trimming of outliers (arsenic: r = 0.066, p = 
0.591; cadmium: r = -0.177, p = 0.269). The approach used to define baseline models for other 
metals could not thus be used for these metals. Baseline concentrations above which arsenic 
and cadmium enrichment of sediment can be inferred were thus defined using cumulative 
probability plots. Based on marked inflections in the concentration distribution, baseline 
concentrations of 4.79 and 0.18 mg/kg were defined for arsenic and cadmium respectively. 
The use of probability plots (or any other similar procedure) for defining baseline metal 
concentrations is a more subjective procedure than the use of linear regression analysis and 
there is less confidence in the validity of the baseline concentrations for arsenic and cadmium.  
 
The mercury concentration in sediment at each site was below the method detection limit. It 
is thus not possible to define a baseline concentration for this metal unless the method 
detection limit is used as the baseline. The method detection limit is nevertheless low in 
relation to established threshold values for possible toxic effects on marine biota. 
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Figure 2.5. Cumulative distribution of arsenic and cadmium concentrations in sediment collected in 
northern Mozambique 

Inflection points in the concentration distributions, which were used to define the baseline 
concentration, are shown 

 

 

The baseline models comprise a regression line and upper and lower 99 percent prediction 

limits. The regression defines the average concentration for a metal at co-occurring iron 

concentrations at baseline locations, while the upper and lower prediction limits define the 

range in which 99 percent of concentrations should fall if the sediment is uncontaminated and 

the concentrations used to define the baseline model are normally distributed. Metal 

concentrations that exceed the upper prediction limit when superimposed onto a baseline 

model indicate the sediment is enriched. A metal concentration that exceeds the upper 

prediction limit of a baseline does not, however, automatically imply that the concentration 

was enhanced through an anthropogenic contribution, but rather that it is atypical of the data 

used to define the model. Several reasons other than an anthropogenic input can result in a 

metal concentration exceeding the upper prediction limit. These include analytical variability 

and errors, poor model assumptions, the probability that metal concentrations in some 

samples will naturally exceed the upper prediction limit (in a normally distributed population, 

at the 99 percent prediction limit one in every 100 concentrations could conceivably naturally 

exceed the limit), and natural enrichment not captured by the baseline data set (Schropp et 

al., 1990; Rae and Allen, 1993). Interpretation of enrichment, and ultimately whether this 

reflects contamination thus requires consideration of ancillary factors, including possible 

biogeochemical processes that may lead naturally to metal enrichment, the absolute 

difference between a metal concentration and upper prediction limit, the location of enriched 

sediment relative to known or potential anthropogenic sources of metals, and an assessment 

of the number of metals in a sediment sample that exceed upper prediction limits. The larger 

the difference between a metal concentration and upper prediction limit and the greater the 

number of metals enriched in a sediment sample the greater the likelihood they reflect 

contamination. This said, enrichment of sediment by a single metal may occur, such as in areas 

where metal ore is exported and there are few other anthropogenic sources of metals in the 

area, or in this case through the use of a single dominating metal in drilling fluids/muds.  
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3. Results and discussion 

3.1 Pemba 
 
An overview of Pemba area, including sediment sampling stations, is provided in Figure 3.1. 
One station was in Pemba harbour (Station PEM 1), in Pemba Bay, with the water column 
depth of 18 m, while seven stations were situated in the coastal area outside the bay, in areas 
where the water column ranged in depth from 58 to 1 080 m (Table 2.1). Stations PEM 3 and 
PEM 6 were located in a deep channel between the bay and open sea. Station PEM 8 was 
located off a river mouth. 
 
Figure 3.1. Map of the Pemba area, showing the positions of sediment sampling stations 

 

Source: EAF-Nansen Programme, 2018. 
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3.1.1 Sediment characteristics 
 
A summary of the sediment characteristics is provided in Table 3.1 and Figure 3.2.  
 
Table 3.1. Summary statistics for the grain size and total organic carbon (TOC) of surface sediment 
samples from eight stations in the Pemba area 

Contents  Grain size (% < 63 µm) TOC (%) 

Minimum  3.7 0.72 

Mean 29 1.0 

Median  14 1.1 

Maximum 86 1.4 

 
As discussed in the introduction (see Section 1.2), contaminants are most likely to accumulate 
in fine-grained sediment (mud). This is, therefore, the sediment fraction that is most relevant 
to environmental contamination studies. Sediments in Pemba area show a large variation in 
the content of the fine-grained fraction, from rather coarse sediment containing less than 
4 percent mud to sediment with a high mud fraction, of up to 86 percent. On average, the 
mud fraction is rather low, at 29 percent, with an even lower median value of 14 percent for 
the eight stations. In particular, Station PEM 1 in Pemba harbour (see Figure 3.1) has a low 
mud content of 6.4 percent. Such grain size distribution in surface sediments might allow one 
to expect low levels of contaminants at most locations in the area unless they have been 
exposed to local sources of pollution in recent years. 
 
The TOC in the same samples show much less variation than the fine-grained fraction 
contents, varying between 0.72 and 1.4 percent, and have higher mean and median values 
(1.0 and 1.1 percent TOC respectively) than in the two other studied areas (see below). While 
no significant positive correlation is found between grain size and TOC for sediments from this 
area (p = 0.09), Station PEM 1 in Pemba harbour has one of the lowest values of TOC in this 
area, at 0.75 percent, in correspondence with low mud fraction at the same station, while the 
station with the highest mud fraction, PEM 6, has a relatively high TOC value of 1.1 percent. 



 

 
16 

Figure 3.2. The mud fraction (<63 µm) and total organic carbon (TOC) content in surface sediment samples from eight stations in the Pemba area 

 

Source: EAF-Nansen Programme, 2018. 
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3.1.2 Hydrocarbons in surface sediments 
A summary of the results for hydrocarbon concentrations in sediments from the Pemba area 
is provided in Table 3.2 and in Figure 3.3.  
 
Table 3.2. Summary statistics for hydrocarbon concentrations (mg/kg for THC, and µg/kg dry weight 
for the rest) in surface sediment samples from eight stations in the Pemba area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.2 

Statistic  THC Total PAH NPD PAH16 BAP Perylene 

Minimum <2.0 13 7.5 4.4 <0.50 0.70 

Mean* 5.6 448 79 329 24 29 

Median  3.8 28 14 9.7 <0.50 7.1 

Maximum 25 3 206 524 2 522 189 76 

* For concentrations reported as below LOQ, LOQ/2 was used for calculating the mean concentrations. 

 
THC concentrations in the Pemba area are rather low, being below or just above the LOQ at 
most stations. The highest THC concentration of 25 mg/kg dry weight was found at Station 
PEM 1 in Pemba harbour. While this concentration is somewhat above the background found 
in the adjacent area and may thus reflect human activities in the harbour, the concentration 
is not high enough to indicate significant oil-related pollution. However, a low TOC value in 
the same sample (see Section 3.1.1) indicates an extra input of hydrocarbons at this location. 
THC is often somewhat elevated in coastal areas, which is not necessarily a sign of human 
activities as it is also possible due to a number of natural reasons, such as coastal runoff and 
local bioactivity among others (e.g. Peters et al., 2005).  
 
While THC concentrations alone are not sufficient for drawing conclusions on the origins of 
the observed hydrocarbon composition of the sediments, available PAH data makes further 
discussion possible. There is a large difference in total PAH concentrations in sediment 
sampled in the Pemba area (Figure 3.3). By far the highest average concentration was at 
Station PEM 1, at 3 206 µg/kg dry weight. This is over 20 times higher than average PAH 
concentration at any other station. Station PEM 1 is a shallow-water station, at only 18 m 
depth (Table 2.1), and is located within Pemba harbour. The concentrations of both NPD an 
PAH16 are strongly elevated at Station PEM 1, but PAH16 clearly dominates PAH composition 
of this sample, being some five times higher than the NPD concentration. Since PAH16 is an 
indicator of pyrogenic PAH pollution (see discussion in Section 1.2.2), the observed 
hydrocarbon contamination at Station PEM 1 is attributed to combustion-related sources, 
most likely related to human activities at the harbour (vessel traffic exhaust emissions, etc.) 
Contamination at this site may, therefore, be described as anthropogenic. A large difference 
in PAH concentrations in the three samples collected at this station, between 558 and 6 995 
µg/kg dry weight for total PAH, points to a highly uneven distribution of contaminated 
sediments at this location as the three samples collected by means of VAMS were at the most 
separated by 2.2 m. 
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Figure 3.3. Average concentration of total polycyclic aromatic hydrocarbons (PAH) and benzo[a]pyrene (BAP) in surface sediment samples from eight 
stations in the Pemba area 

NEA condition classes are used as the concentration scale for BAP 

 

Source: EAF-Nansen Programme, 2018. 
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NEA condition classes for BAP (see Table 1.2) indicate contamination levels just over the 
border of Class III (established at 183 µg/kg dry weight for this contaminant) at Station PEM 1 
(Figure 3.3). While this indicates no probable acute toxic effects for marine biota these levels 
may lead to chronic effects in case of long-term exposure, and are as such cause for concern. 
 
PAH concentrations at all the other stations outside of Pemba Bay (i.e. Stations PEM 2 - PEM 
8) are all rather low, varying between 13 and 141 µg/kg dry weight for total PAH. There is no 
clear predominance of either NPD or PAH16. The BAP concentration at all stations falls into 
Class I (“Background”) according to the NEA classification, and is below the LOQ at four of the 
stations. The two stations with slightly higher total PAH concentrations than those at the other 
stations, namely Stations PEM 3 and PEM 6, owe the elevation to high concentrations of the 
naturally occurring biogenic PAH compound perylene, which constitutes more than 50 percent 
of PAH composition at these stations. This seems to be within the limits of natural variation in 
PAH composition in sediment for this area, which may be determined by relating PAH 
concentrations to grain size, as presented for these samples in Section 3.1.1. Figure 3.4 
provides the results of a linear regression for sediment sampled outside of Pemba Bay (i.e. 
Stations PEM 2 - PEM 8), which shows a positive linear correlation between the total PAH and 
mud fraction contents, and the PAH16 concentration and mud fraction contents (p < 0.05 in 
both cases). According to these plots a limiting concentration for the background levels for 
this area may be defined as about 150 µg/kg dry weight for total PAH and 40 µg/kg dry weight 
for PAH16, based on the regression models. There is little variation between the individual 
samples taken at each station outside of Pemba harbour (see Figure 3.4). The concentrations 
at Station PEM 1 were excluded from the regression models as they were clear outliers. No 
correlation was found between PAH concentrations and the level of TOC, as TOC is poorly 
correlated to mud fraction contents in sediment from this area (see Section 3.1.1).  
 
Figure 3.4. Regression plots for the relationship between average hydrocarbon concentrations and 
mud fraction contents in surface sediment samples in the Pemba area (seven stations excluding PEM 1) 

Error bars show standard deviation for individual samples at each location 
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3.1.3 Metals and elements in surface sediments 
 
A summary of the results for metal concentrations in sediments from the Pemba area is 
provided in Table 3.3 and Figure 3.5.  
 
Table 3.3. Summary statistics for metal concentrations (mg/kg dry weight) in surface sediment samples 
from stations in the Pemba area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.3 

Statistic  As Ba Cd Cr Cu Fe Hg Mn Ni Pb Zn 

Minimum 0.34 7.8 <0.10 6.4 1.1 3 280 <0.20 25 <5.0 1.6 2.8 

Mean* 3.0 158 0.11 12 5.4 8 296 <0.20 73 5.6 9.7 14 

Median  2.5 33 0.10 10 3.3 5 550 <0.20 68 <5.0 2.7 8.9 

Maximum 7.6 1 014 0.21 26 16 20 267 <0.20 121 17 57 34 

* For concentrations reported as below LOQ, LOQ/2 was used for calculating the mean concentrations. 

 
While there is considerable variation in the concentration of some metals in sediment from 
the Pemba area, all fall into Class I (“Background”) according to the NEA classification apart 
from the maximum concentrations for cadmium and lead (see below). NEA classes could not 
be applied to mercury, since the LOQ for this metal was 0.20 mg/kg dry weight. This exceeds 
the upper limit of NEA Class I, of 0.05 mg/kg dry weight (see Table 1.3). The results for 
mercury, while all being below LOQ, could, therefore, fall into Class I or Class II according to 
the NEA classification.  
 
The barium concentration in eight of the 22 sediment samples collected in the Pemba area 

(Figure 3.5) exceeds the baseline model upper prediction limit (Figure 3.6). The only stations 

where at least one sediment sample was not enriched were PEM 2, PEM 3 and PEM 4, 

although the concentration in only one sample from each of Stations PEM 5 and PEM 7 

exceeds the baseline model upper prediction limit. Barium was thus at an enriched 

concentration in each sediment sample collected at Stations PEM 1 and PEM 6. In many 

instances the magnitude of baseline model upper prediction limit exceedance was high 

enough to suspect this reflects contamination, but it is difficult to identify potential 

anthropogenic sources of barium in this area apart from Pemba harbour. The barium 

concentration in one of the three sediment samples at Station PEM 6 (2 910 mg/kg dry weight) 

was far higher than the concentration in the remaining samples (56.1 and 76.6 mg/kg dry 

weight). This significant, very small scale spatial concentration variation is both difficult to 

explain and to attribute to contamination considering the position of Station PEM 6 (in deep 

water a considerable distance offshore, see Figure 3.1). The barium concentration also varied 

widely amongst replicate sediment samples collected at certain other stations, including 

Stations PEM 1 and PEM 7, although the magnitude of the difference was not as pronounced 

as that for Station PEM 6. The barium concentrations in this area were typically considerably 

lower than those measured in sediment in the Palma area. 
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Figure 3.5. Average concentrations of metals in surface sediment samples from eight stations in the Pemba area 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.5. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Pemba area 

 
 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.5. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Pemba area 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.5. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Pemba area 

 

Source: EAF-Nansen Programme, 2018. 
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The concentration of arsenic in each of the three sediment samples collected at Station PEM 

2 and in one of the three samples collected at Station PEM 4, and the concentration of 

cadmium in one of the of the two sediment samples collected at Station PEM 3, in both 

sediment samples collected at Station PEM 5, and in one of the three sediment samples 

collected at Station PEM 7 exceed the baseline concentration (Figure 3.6). Whether this 

reflects contamination is uncertain due to uncertainties on the validity of the baseline 

concentrations for these metals. However, based on the positions of these stations relative to 

potential anthropogenic sources of metals it seems unlikely the exceedances reflect 

contamination, even though the cadmium concentration in single sediment samples collected 

at Stations PEM 3 and PEM 5 is above Class I (“Background”) according to the NEA 

classification. The Class I limit is, however, only slightly higher than the baseline concentration, 

and whether the limit is realistic for this part of the Mozambican coastline is debatable. It has 

been suggested that arsenic and cadmium may originate from geological formations, being 

associated with shales, or in case of arsenic deposits of shellfish scales (Serigstad et al., 2016). 

 

Copper was not enriched in sediment at any station (Figure 3.6).   

 

The chromium concentration in both sediment samples collected at Station PEM 3 and in two 

of the three sediment samples collected at Station PEM 6 slightly exceeds the baseline model 

upper prediction limit (Figure 3.6). This probably does not reflect contamination based on the 

low magnitude of exceedance and the position of these stations relative to potential 

anthropogenic sources of this metal.  

 

Manganese was not enriched in sediment at any station (Figure 3.6). The concentration in two 

of the three sediment samples collected at Station PEM 6 falls below the lower prediction limit 

of the baseline model, indicating the sediment was depleted in this metal. Although the 

manganese concentration for the third sediment sample is not inordinately different to that 

in the latter samples, the iron concentration was considerably lower. As a result the 

manganese concentration falls within the baseline model prediction limits.  

 

Nickel was not enriched in sediment at any station (Figures 3.5 and 3.6). 

 

The lead concentration in each of the three sediment samples collected at Station PEM 1 far 

exceeds the baseline model upper prediction limit, although the concentration varied widely 

amongst the sediment samples collected at this station (Figures 3.5 and 3.6). The zinc 

concentration in two of these samples also exceeds the baseline model upper prediction limit 

(Figures 3.5 and 3.6). The lead concentration in each sediment sample exceeds the Class I 

(“Background”) according to the NEA classification. There is little doubt these lead and zinc 

concentration exceedances of the baseline model upper prediction limit reflect contamination 

considering Station PEM 1 was situated in Pemba harbour, and lead and zinc are common and 

often significant contaminants of sediment in harbours in most parts of the world. It is 

interesting in this context that copper was not also a contaminant of sediment at Station 
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PEM 1 as this is one of the most common and significant contaminants of sediment in 

harbours in most parts of the world.  

 
Figure 3.6. Baseline models and baseline concentrations for metals in surface sediment collected in 
northern Mozambique, with concentrations in samples from eight stations in the Pemba area 
superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 
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Figure 3.6. Continued. Baseline models and baseline concentrations for metals in surface sediment 
collected in northern Mozambique, with concentrations in samples from eight stations in the Pemba 
area superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 
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3.2 Ibo – St. Lazarus bank 
 

An overview of Ibo – St. Lazarus area, including sediment sampling stations and gas 
exploration wellheads, is provided in Figure 3.1.  
 
Figure 3.7. Map of the Ibo – St. Lazarus area, showing the positions of sediment sampling stations and 
wellheads 

 

Source: EAF-Nansen Programme, 2018. 

 
Sediment was sampled in Ibo – St. Lazarus area at three stations in the coastal area off Ibo 
Island in the Quirimbas National Park (Stations LAZ 1 – LAZ 3), in water of a depth of 29 – 93 
m (Table 2.1), four stations on St. Lazarus Bank (Stations LAZ 4, LAZ 6 – LAZ 7) in water of a 
depth of 27 and 1 090 m, and in a deep-water canyon between these areas (Station LAZ 9) in 
water of a depth of 1 739 m. 
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3.2.1 Sediment characteristics 
A summary of the results of sediment characteristics analyses is given in the Table 3.4 and is 
also presented as a map in Figure 3.8.  
 
Table 3.4. Summary statistics for the grain size and total organic carbon (TOC) for surface sediment 
samples from eight stations in the Ibo – St. Lazarus area 

Statistic  Grain size (% < 63 µm) TOC (%) 

Minimum 0.39 0.33 

Mean 13 0.77 

Median  3.7 0.80 

Maximum 72 1.2 

 
Sediment in Ibo – St. Lazarus area was, on average, coarser, and had a lower TOC content than 
sediment in Pemba area (as discussed in Section 3.1.1). The highest mud fraction was at the 
deep water Station LAZ 9, at 72 percent (Figure 3.7 and Table 2.1). The median fraction is 3.7 
percent, indicating mostly coarse sediments in this area. This seems to be due to the 
predominance of shell- and coral sand environment associated with the Ibo Island and St 
Lazarus Bank ecosystem, as observed by video during the cruise. The TOC is also relatively low, 
varying between 0.33 and 1.2 percent. As in the Pemba area, there was a very weak 
correlation between grain size and TOC. 
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Figure 3.8. The mud fraction (<63 µm) and total organic carbon (TOC) content in surface sediment samples from eight stations in the 
Ibo – St. Lazarus area 

  

Source: EAF-Nansen Programme, 2018. 
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3.2.2 Hydrocarbons in surface sediments 
 
A summary of the results for hydrocarbon concentrations in sediments from the Ibo – St. 
Lazarus area is provided in Table 3.5 and Figure 3.9.  
 
Table 3.5. Summary statistics for hydrocarbon concentrations (mg/kg for THC, and µg/kg dry weight 
for the rest) in surface sediment samples from eight stations in the Ibo – St. Lazarus area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.2 

Statistic  THC Total PAH NPD PAH16 BAP Perylene 

Minimum <2.0 12 7.6 4.0 <0.50 <0.50 

Mean* <2.0 22 8.3 5.8 <0.50 6.7 

Median  <2.0 13 8.1 4.0 <0.50 <0.50 

Maximum <2.0 86 10 18 1.8 51 

* For concentrations reported as below LOQ, LOQ/2 was used for calculating the mean concentrations. 

 
Concentrations of all hydrocarbons in sediment in the Ibo – St. Lazarus area low, as expected 
from grain size data presented in Section 3.2.1. THC concentrations were below LOQ at all 
stations. Total PAH concentrations vary somewhat, but all are below 100 µg/kg dry weight. 
The highest concentration was at Station LAZ 9 in a deep water canyon, where the highest 
mud fraction was found (Section 3.2.1). There are no large differences between NPD and 
PAH16 concentrations at any stations. The station with the highest PAH concentrations, 
namely Station LAZ 9, the PAH composition is dominated by the natural PAH compound 
perylene, which makes up 60 percent of total PAH concentration. The BAP concentration was 
below the LOQ at most stations, and at all stations falls into the Class I (“Background”) 
according to the NEA classification.  
 
Results of linear regression for total PAH and PAH16 concentrations against the grain size of 
sediment samples from the Ibo – St. Lazarus area are provided in Figure 3.10. The regression 
plots show a significant positive linear correlation between the concentrations of 
hydrocarbons and mud fraction (p < 0.05 in both cases), confirming grain size as the main 
cause for the observed variation in the concentrations of hydrocarbons in the samples. 
According to the plots a limiting concentration for the background levels in this area may be 
defined as about 100 µg/kg dry weight for total PAH and 20 µg/kg dry weight for PAH16, based 
on the regression models. These concentrations are somewhat lower than for the Pemba area 
(Section 3.1.2), which might be due to the higher exposure to local impacts in the Pemba area. 
The variation in the concentration between the individual samples collected at each station, 
also shown in Figure 3.10, is negligible in all the samples except the sample from the deep 
water Station LAZ 9. 
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Figure 3.9. Average concentration of total polycyclic aromatic hydrocarbons (PAH) and benzo[a]pyrene (BAP) in surface sediment samples from eight 
stations in the Ibo – St. Lazarus area 

NEA condition classes are used as the concentration scale for BAP 

  

Source: EAF-Nansen Programme, 2018. 
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Figure 3.10. Regression plots for the relationship between average hydrocarbon concentrations and 
mud fraction contents in eight surface sediment samples in the Ibo – St. Lazarus area 

Error bars show standard deviation for individual samples at each location 

 

 
 
Based on these results, it is reasonable to suggest the Ibo – St. Lazarus area is a suitable area 
for defining background concentrations of hydrocarbons in marine areas off the coast of 
northern Mozambique. This area may, therefore, be proposed as a reference area for 
contaminant studies in exposed parts of the studied regions. 
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3.2.3 Metals and elements in surface sediments 
 
A summary of the results for metal concentrations in sediments from Ibo – St. Lazarus area is 
provided in Table 3.6 and Figure 3.11.  
 
Table 3.6. Summary statistics for metal concentrations (mg/kg dry weight) in surface sediment samples 
from stations in the Ibo – St. Lazarus area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.3 

Concentration  As Ba Cd Cr Cu Fe Hg Mn Ni Pb Zn 

Minimum <0.50 3.7 <0.10 2.1 0.25 3.9 <0.20 1.5 <5.0 <1.0 <1.0 

Mean* 3.3 86 0.11 6.5 3.7 3 276 <0.20 52 <5.0 1.7 4.3 

Median  2.1 6.9 0.10 4.1 0.50 1 227 <0.20 12 <5.0 <1.0 <1.0 

Maximum 13 619 0.22 19 23 16 367 <0.20 322 14 7.8 27 

* For concentrations reported as below LOQ, LOQ/2 was used for calculating the mean concentrations. 

 
As was the case for the Pemba area, most metal concentrations in sediment from the Ibo – St. 
Lazarus area fall into Class I (“Background”) according to the NEA classification apart from the 
maximum concentrations for cadmium and copper at some stations (see below). As was also 
the case for the Pemba area, the mercury concentration in sediment at all stations was below 
the LOQ of 0.20 mg/kg dry weight. The results for mercury, while all being below LOQ, could, 
therefore, fall into Class I or Class II according to the NEA classification.  
 
The arsenic concentration in two of the three sediment samples collected at Station LAZ 2 and 

in each of the three sediment samples collected at Station LAZ 3 exceeds the baseline 

concentration (Figure 3.12). The concentration in one sample collected at Station LAZ 3 

exceeds the Class I (“Background”) limit according to the NEA classification. Whether this 

reflects contamination is uncertain based on uncertainties on the validity of the baseline 

concentration for this metal. However, based on the positions of these stations relative to 

potential anthropogenic sources of metals it seems unlikely the exceedances reflect 

contamination. This supports the suggestion given in Section 3.1.3 regarding the possible 

natural origin for arsenic. 

 
The barium concentration in each of the three sediment samples collected at Stations LAZ 4 

and LAZ 9 exceeds the baseline model upper prediction limit (Figure 3.12). The exceedance 

was only pronounced for site LAZ 9, with the concentrations highly variable amongst the 

replicate samples. The barium concentrations in this area were typically considerably lower 

than those measured in sediment in the Palma area. Whether the barium enrichment at site 

LAZ 9 reflects contamination is uncertain but possible as this site was situated relatively near 

(about 10 km) an old well head (see Figure 3.7). Furthermore, this station has a high 

percentage of mud in the fine-grained sediment.     
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Figure 3.11. Average concentrations of metals in surface sediment samples from eight stations in the Ibo – St. Lazarus area  

 
 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.11. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Ibo – St. Lazarus area 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.11. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Ibo – St. Lazarus area 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.11. Continued. Average concentrations of metals in surface sediment samples from eight stations in the Ibo – St. Lazarus area 

 

Source: EAF-Nansen Programme, 2018. 
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The cadmium concentration in two of the three sediment samples collected at each of Stations 

LAZ 3 and LAZ 4 exceeds the baseline concentration (Figure 3.12), exceeding at Station LAZ 3 

also the Class I (“Background”) limit according to the NEA classification. Whether this reflects 

contamination is uncertain based on uncertainties on the validity of the baseline 

concentrations for this metal. However, based on the positions of these stations relative to 

potential anthropogenic sources of metals, and on the suggestion of naturally elevated levels 

of cadmium in certain geological formations mentioned in Section 3.1.3, it seems unlikely the 

exceedances reflect contamination. 

 

The copper concentration in each of the three sediment samples collected at Station LAZ 9 

slightly exceeds the baseline model upper prediction limit (Figure 3.12). Based on the 

magnitude of exceedance this probably does not reflect contamination. This said, Station LAZ 

9 was situated relatively near (about 10 km) an old well head and the sediment at this site was 

enriched by several other metals (see above and below), albeit always to a very low magnitude 

apart from barium. The copper concentration in each of the sediment samples exceeds the 

Class I (“Background”) limit according to the NEA classification. However, the utility of the 

Class I limit for this part of the Mozambican coastline is questionable as it intersects the 

baseline model. In other words, baseline concentrations of this metal in very fine-grained 

sediment are likely to exceed the Class I limit. One of the copper concentrations that define 

the baseline model does in fact exceed this limit (Figure 3.12).  

 

The manganese concentration in each of the three sediment samples collected at Station LAZ 

9 slightly exceeds the baseline model upper prediction limit (Figure 3.12).  

 

Nickel was not enriched in sediment at any station (Figures 3.11b and 3.12), similar to the 

Pemba area. 

 

The lead concentration in one of the three sediment samples collected at Station LAZ 9 slightly 

exceeds the baseline model upper prediction limit (Figures 3.11a and 3.12).  

 

Zinc was not enriched in sediment at any station (Figures 3.11b and 3.12). 

 

In summary, the fine-grained sediment at Station LAZ 9 accounts for the presence of highest 
concentration of manganese, copper, lead and barium. 
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Figure 3.12. Baseline models and baseline concentrations for metals in surface sediment collected in 
northern Mozambique, with concentrations in samples from eight stations in the Ibo – St. Lazarus area 
superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 
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Figure 3.12. Continued. Baseline models and baseline concentrations for metals in surface sediment 
collected in northern Mozambique, with concentrations in samples from eight stations in the Ibo – St. 
Lazarus area superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 
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3.3 Palma 
 
An overview of Palma area, including sediment sampling stations and exploration wellheads, 
is provided in Figure 3.13. 
 
Figure 3.13. Map of the Palma area, showing the positions of sediment sampling stations and 
wellheads 

The red dashed line (~41oE) separates the Rovuma Basin exploration concession Area 1 and Area 4 

 

Source: EAF-Nansen Programme, 2018. 

 
Sediment sampling in the Palma area was the most extensive of the three areas covered by 
the survey, as this is the main area of interest for the oil and gas industry. Gas exploration has 
taken place for many years and a large number of exploratory wells have been drilled (see 
Figure 3.13). Plans for development and operation of gas fields have been approved, and 
installation of a floating production unit and pipelines to the process plant on land have 
started. The sampling design covered two exploration concession areas: Area 1 operated by 
Anadarko and Area 4 operated by Eni (Eni Rovuma Basin; Mozambique Rovuma Venture). 
Sampling was performed in shallow- and deep-water along several transects running from 
coastal waters in the west to deep-water areas in the east: Stations MEB 0 – MEB 1 in the 
north, TUN 0 – TUN 5 off Palma and Tungue Bay where the future logistic base and main 
pipeline corridor is planned, and RUN 5 – RUN 1 in the south. Five wellhead areas were 
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surveyed: MEB 1, TUN 4, TUN 5, RUN 1 and MET 3. MEB and RUN transects included detailed 
sampling at two wellheads, including sampling directly at a wellhead and at several sampling 
stations situated to the east, west, north and south of the wellhead: up to 50 m at Station 
MEB 1 and between 50 and 500 m at Station RUN 1 (see enlarged areas in Figure 3.13).  

3.3.1 Sediment characteristics 
 
A summary of the sediment characteristics in the Palma area is provided in Table 3.7 and in 
Figure 3.14.  
 
Table 3.7. Summary statistics for the grain size and total organic carbon (TOC) of surface sediment 
samples from 24 stations in the Palma area 

Statistic  Grain size (% < 63 µm) TOC (%) 

Minimum  0.15 0.16 

Mean 34 0.54 

Median  30 0.59 

Maximum 85 0.84 

 
Sediments in Palma area show considerable variation in the fine-grained fraction, ranging 
from coarse sediment containing practically no mud (0.15 percent at Station RUN 5) to 
sediment with a mud fraction of up to 85 percent. While Station RUN 5 is the shallowest of all 
the sampling stations in this study, at 5 m depth (Table 2.1), several deep-water stations also 
have rather coarse sediment. However, in general, the mud fraction increases with increasing 
depth eastward along each transect (see Figure 3.13), and the large variation in the fraction 
of fine-grained sediment at stations near wellheads and one each other, such as at Stations 
MEB 1 and RUN 1, may be due to releases from drilling activities influencing the sediment 
composition. On average, the mud fraction is relatively low in this area, at 34 percent, which 
is comparable to the average for the Pemba and Ibo – St. Lazarus areas (see Sections 3.1.1 and 
3.2.1). The highest mud fractions are found at deep-water Stations TUN 5 and MET 4, being 
above 80 percent at both stations.  
 
As in the Pemba and Ibo – St. Lazarus areas, there is no correlation between the mud fraction 
and TOC content in the Palma area. The TOC content is generally low, not exceeding 0.84 
percent at any station. The mean TOC content in the Palma area (0.54 percent TOC) is lower 
than in the Pemba and Ibo – St. Lazarus areas. 
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Figure 3.14. The mud fraction (<63 µm) and total organic carbon (TOC) content in surface sediment samples from 24 stations in the Palma area 

 

  

Source: EAF-Nansen Programme, 2018. 
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3.3.2 Hydrocarbons in surface sediments 
A summary of the results for hydrocarbon concentrations in sediments from the Palma area 
is provided in Table 3.8 and in Figure 3.16.  
 
Table 3.8. Summary statistics for hydrocarbon concentrations (mg/kg for THC, and µg/kg dry weight 
for the rest) in surface sediment samples from 24 stations in the Palma area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.2 

Statistic  THC Total PAH NPD PAH16 BAP Perylene 

Minimum <2.0 12 7.5 4.0 <0.50 <0.50 

Mean* 8.1 79 14 9.4 0.52 55 

Median  <2.0 45 9.5 8.1 <0.50 24.1 

Maximum 68 300 64 33 4.0 279 

* For values below LOQ, LOQ/2 was used for calculating the mean value. 

 
The THC concentration shows a significant variation in Palma area, being below or just above 
the LOQ at all the stations on the TUN and MEB transects, and varying widely at MET and RUN 
stations. Four of the RUN stations close to a wellhead have somewhat elevated levels of THC, 
up to 33 mg/kg dry weight at station RUN.S.100. The highest THC concentration of 68 mg/kg 
dry weight was found in sediment at Station MET 3, also situated at a wellhead (see Figure 
3.13). This THC concentration is above the limit of 50 mg/kg dry weight proposed by OSPAR 
for evaluating effects of oil-related contamination (see Section 1.2.2). Sediments from this 
station show visible signs of pollution (see Figure 3.15). This station was situated 
approximately 15 m from the wellhead and leads to an obvious conclusion on drilling activity 
as the source of the contamination. However, as discussed above THC is a general parameter 
including all types of hydrocarbons, and it alone cannot be used for determining oil pollution, 
if any. 
 
Figure 3.15. Surface sediment sample from Station MET 3 in the Palma area 
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As in the Pemba area, available PAH data makes it possible to draw justified conclusions with 
regard to the sources of hydrocarbon contamination. With regard to Station MET 3, the total 
PAH concentration of 183 µg/kg dry weight only slightly exceeds the proposed background 
concentrations established for the pristine Ibo – St. Lazarus area. Furthermore, the PAH 
composition at this station is dominated by the naturally occurring PAH compound perylene, 
which constitutes 48 percent of total PAH concentration in this sample. The concentration of 
oil-related NPD in at this station is low, at 64 µg/kg dry weight, as compared to sediment from 
oil polluted areas (e.g. Boitsov et al., 2011) or bearing naturally high levels of petrogenic PAH 
in areas with high fossil fuel contents (e.g. Dahle et al., 2009). This points to little or no oil-
related contamination at this station. The apparent pollution observed for THC may be due to 
other operational releases than oil, such as non-oil based drilling fluid. Information from the 
industry in this regard may help with further elucidation of high THC contents at this site.  
 
PAH concentrations at all other stations are also low or very low, only exceeding 100 µg/kg at 
six other stations apart from Station MET 3. At all of these stations the PAH composition is 
heavily dominated by the naturally occurring PAH compound perylene, constituting between 
54 and 93 percent of total PAH concentration. This is the site with highest PAH levels found in 
this area, 300 µg/kg dry weight, 93 percent of this attributed to perylene. NPD levels at all 
stations are low, with a median concentration of below 10 µg/kg dry weight, and are 
comparable to PAH16 concentrations at the same stations. This indicates no oil-related 
contamination in this area, including at stations close to wellheads. This allows the conclusion 
of no spills of oil or oil-related fluids made during exploration activities in the area. In 
particular, the ban on oil-based drilling fluids seems to be respected, suggesting the use of 
water-based drilling fluids. The concentration of BAP at all stations is low and falls into Class I 
(“Background”) according to the NEA classification. 
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Figure 3.16. Average concentration of total polycyclic aromatic hydrocarbons (PAH) and benzo[a]pyrene (BAP) in surface sediment samples 
from 24 stations in the Palma area 

 

  

Source: EAF-Nansen Programme, 2018. 
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Linear regression plots for hydrocarbon concentrations in sediment from the Palma area are 
provided in Figure 3.17. While there is a positive and statistically significant linear trend in 
each case (p < 0.05), the linear model does not provide a good fit to the data due to a number 
of clear outliers. This may be due to large variations in the perylene content, which may have 
local sources such as phytoplanktonic activity contributing to the total PAH levels locally (e.g. 
Venkatesan, 1988), thus introducing a significant other explanatory factor in PAH 
concentration variation in addition to the mud fraction in the sediment. Furthermore, the 
variation in PAH concentrations found in individual samples at each station is quite significant 
at a number of locations, pointing to a highly uneven distribution of sediment PAH contents 
at these locations. One of several possible reasons for this may be the drilling activities. 
However, the high variance in PAH levels is observed not only at sites which are situated near 
known exploration wells, such as Stations TUN 5, MEB 1 and MET 3, but also at stations 
without wellheads nearby, such as TUN 3 and MET 4. 
 
Figure 3.17. Regression plots for the relationship between average hydrocarbon concentrations and 
mud fraction contents in 24 surface sediment samples in the Palma area 

Error bars show standard deviation for individual samples at each location 

 

 
 
Overall, sediment in the Palma area seems to be non-contaminated with regard to PAH, and 
the observed concentrations may be considered close to background concentrations for the 
area. The baseline study can, therefore, be regarded as useful, offering an evaluation of 
environmental conditions before any significant human impact has occurred in the area. 
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3.3.3 Metals and elements in surface sediments 
 
A summary of the results for metal concentrations in sediments from the Palma area is 
provided in Table 3.9 and Figure 3.18.  
 
Table 3.9. Summary statistics for metal concentrations (mg/kg dry weight) in surface sediment samples 
from 24 stations in the Palma area 

Concentrations that exceed NEA condition classes are shown with colour coding according to Table 1.3 

Statistic  As Ba Cd Cr Cu Fe Hg Mn Ni Pb Zn 

Minimum <0.50 6.1 <0.10 1.7 0.12 61 <0.20 5.3 <5.0 <1.0 <1.0 

Mean* 2.7 1 558 0.11 11 7.5 9 197 <0.20 143 6.3 3.3 15 

Median  2.3 1 009 0.10 11 7.9 10 375 <0.20 151 6.7 3.8 17 

Maximum 6.6 5 360 0.20 21 23 18 233 <0.20 645 16 6.4 32 

* For concentrations reported as below LOQ, LOQ/2 was used for calculating the mean concentrations. 

 
As in the Pemba and Ibo – St. Lazarus areas, metal concentrations in sediment from Palma 
area falls into Class I (“Background”) according to the NEA classification apart from the 
maximum concentrations for cadmium and copper (see below). As was also the case for the 
Pemba and Ibo – St. Lazarus areas, the mercury concentration in sediment at all stations was 
below the LOQ of 0.20 mg/kg dry weight. The results for mercury, while all being below LOQ, 
could, therefore, fall into Class I or Class II according to the NEA classification. 
 
The arsenic concentration in one of the three sediment samples collected at Station MEB 0, in 

both sediment samples collected at Station MEB 1S.N50, and in one of the two sediment 

samples collected at Station MEB 1S.W50 slightly exceeds the baseline concentration (Figure 

3.19). Although the sediment at these stations were collected about 50 m from a well head it 

seems unlikely this reflects contamination considering there was no comparable enrichment 

of sediment near other wellheads. The results for arsenic in Palma area are, in principle 

comparable, to those from the other areas and may thus support the suggestion of the natural 

origin for elevated levels of arsenic.  

 
The barium concentration in 49 of the 59 sediment samples collected at stations in Palma area 

(Figure 3.18) exceeds the baseline model upper prediction limit, but to widely varying 

magnitudes (Figure 3.19). The highest, or amongst the highest barium concentrations were 

usually found in sediment collected near wellheads (Figure 3.18). Although it seems probable 

the excess barium in the sediment near wellheads is derived from drilling fluids, this does not 

explain the fairly high barium concentrations measured at sites in the inshore that are 

relatively far from well heads unless there is widespread dispersion of the drilling fluid.   
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Figure 3.18. Average concentrations of metals in surface sediment samples from 24 stations in the Palma area 

 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.18. Continued. Average concentrations of metals in surface sediment samples from 24 stations in the Palma area 

 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.18. Continued. Average concentrations of metals in surface sediment samples from 24 stations in the Palma area 

 

 

Source: EAF-Nansen Programme, 2018. 
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Figure 3.18. Continued. Average concentrations of metals in surface sediment samples from 24 stations in the Palma area 

 

 

Source: EAF-Nansen Programme, 2018. 
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The cadmium concentration in one of the three sediment samples collected at each of Stations 

MET 3, MET 4, RUN 0, RUN 2 and TUN 0 exceeds the baseline concentration (Figure 3.19). 

Whether this reflects contamination is uncertain based on uncertainties on the validity of the 

baseline concentration for this metal. However, based on the positions of these stations 

relative to potential anthropogenic sources of metals, and on the suggestion of naturally 

elevated concentrations of cadmium in certain geological formations mentioned in Section 

3.1.3, it seems unlikely the exceedances reflect contamination. All but one of the cadmium 

concentrations that exceed the baseline concentration also exceed the Norwegian Class I 

(“Background”) according to the NEA classification (Figure 3.19), but as discussed above the 

limit is only slightly higher than the baseline concentration.  

 

The copper concentration in two of the three sediment samples collected at Station MET 4 

slightly exceeds the baseline model upper prediction limit (Figure 3.19). Although this station 

was near a wellhead it is difficult to attribute this to contamination considering the magnitude 

of the exceedance. However, copper was also identified as enriched in sediment at Station 

LAZ 9, which was fairly near a wellhead. Whether this implies that some well heads release 

copper into the surroundings is uncertain, but if so this is not evident for all wellheads and 

results in only very low level contamination.  

 

Chromium was not enriched in sediment at any station (Figure 3.19). 

 

The manganese concentration in each of the three sediment samples collected at Station MET 

4 exceed the baseline model upper prediction limit by a relatively large, but highly variable 

magnitude (Figure 3.19). This reflects the large degree of variation in the concentration 

amongst replicate sediment samples collected at this station. Although Station MET 4 was 

near a wellhead it seems unlikely the manganese enrichment reflects contamination. The 

manganese concentration in two sediment samples collected at Station MEB 1S.50 N, in each 

of the three sediment samples collected at Station RUN 2, and in two of the three sediment 

samples collected at Station RUN 5 slightly exceeds the baseline model upper prediction limit. 

Here too, it seems unlikely the manganese enrichment reflects contamination. 

 

Nickel and lead were not enriched in sediment at any station (Figures 3.18 and 3.19). 

 

The zinc concentration (Figure 3.18b) in two of the three sediment samples collected at 

Station RUN 1 slightly exceeds the baseline model upper prediction limit. It is unlikely this 

enrichment reflects contamination (Figure 3.19). 

 

Overall, Station MET4 wellhead observed a combination metal (arsenic, barium, cadmium, 
copper and manganese) slightly above its baseline limit. Barium is the only metal that can be 
attributed to contamination related to gas-related activities.  
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Figure 3.19. Baseline models and baseline concentrations for metals in surface sediment collected in 
northern Mozambique, with concentrations in samples from 24 stations in the Palma area 
superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 
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Figure 3.19. Continued. Baseline models and baseline concentrations for metals in surface sediment 
collected in northern Mozambique, with concentrations in samples from 24 stations in the Palma area 
superimposed 

Some data points are highlighted by station identifiers. The Class I limit according to the NEA 
classification is included if it falls in the y-axis range. Note the break in the y-axis for barium 

 

 

 

 

  

Iron (mg.g-1)

0 5 10 15 20 25

N
ic

ke
l (

µ
g.

g-1
)

0

5

10

15

20

25
Outliers

Baseline

Iron (mg.g-1)

0 5 10 15 20 25
Le

ad
 (

µ
g.

g-1
)

0

2

4

6

8

10

Iron (mg.g-1)

0 5 10 15 20 25

Zi
n

c 
(µ

g.
g-1

)

0

12

24

36

48

60

RUN1 S2

RUN1 S3



 

57 

3.4 The three areas compared 
 
This report attempts to provide an overall environmental condition assessment for the Palma 
area, which is exposed to gas exploration and (soon) exploitation in northern Mozambique. 
The pristine Ibo – St. Lazarus area has been proposed as reference area, while the Pemba area, 
which is exposed to local anthropogenic impacts that are not related to gas exploration, was 
also included.  
 
The study has revealed that the sediment in each area is of a highly variable grain size 
composition, with a low TOC content.  
 
With regards to hydrocarbons, relatively significant anthropogenic contamination of sediment 
was found for a station in Pemba harbour. Based on PAH analyses, the source of the 
contamination is considered to be vessel traffic exhaust emissions or other activities in Pemba 
harbour area giving rise to the incomplete combustion of organic material. Sediment outside 
of Pemba Bay was relatively non-polluted. In the Ibo – St. Lazarus area, hydrocarbon 
concentrations in the sediment were at background levels. This area thus seems to be a useful 
reference area. In the main area of interest, namely Palma, there were no signs of oil-related 
contamination of sediment. As such, this study has fulfilled its purpose of a baseline 
investigation for future reference in case of oil spills. The source of elevated concentrations of 
THC, but not PAH, in the sediment at some stations near the wellheads is uncertain, and while 
probably related to drilling activities it is not considered to be of environmental concern.   
 
With regard to metals, baseline models were applied to determine background 

concentrations. Ideally, the baseline models should be validated using available metal 

concentrations in sediment for the region in question. As far as the authors of this report could 

establish there are no publicly available metal concentration data for the part of northern 

Mozambique that is the focus is this study, nor indeed for most of the Mozambican coastline. 

A relatively large data set is available for the Santo Espirito estuary in Maputo, in southern 

Mozambique (CSIR, unpublished data). If the baseline metal concentrations in sediment 

collected in northern Mozambique are superimposed onto baseline models and baseline 

concentrations defined for the Santo Espirito estuary, the most notable feature is that apart 

from cadmium the range in metal concentrations in sediment in northern Mozambique is far 

narrower than in the Santo Espirito estuary (Figure 3.20).  

 

The relationships between baseline concentrations of metals and co-occurring iron 

concentrations for sediment in northern Mozambique generally agree well with those for the 

Santo Espirito estuary with the obvious exception of cadmium and chromium, and to a lesser 

degree lead. Baseline cadmium concentrations in sediment in northern Mozambique are 

considerably higher than in the Santo Espirito estuary. However, this might, in part, reflect the 

different method detection limits for this metal in these studies, with 51 of the 104 

concentrations analysed being below the method detection limit.  

 



 

58 

The relationship between baseline chromium and iron concentrations is somewhat shallower 

than that for the Santo Espirito estuary while the relationship between baseline lead and iron 

concentrations is slightly shallower. The baseline concentrations for metals in the Santo 

Espirito estuary are very similar to concentrations in sediment in the Port of Richards Bay on 

the northeast coast of South Africa (CSIR, unpublished data). It is probable that the local 

geology drives the difference in metal concentrations between northern and southern 

Mozambique. 

Figure 3.20. Comparison of baseline metal concentrations in sediment collected in northern 
Mozambique for this study to baseline metal concentration models defined for the Santo Espirito 
estuary in Maputo, Mozambique (CSIR unpublished data) 
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Figure 3.20. Continued. Comparison of baseline metal concentrations in sediment collected in 
northern Mozambique for this study to baseline metal concentration models defined for the Santo 
Espirito estuary in Maputo, Mozambique (CSIR unpublished data) 
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and may as result become naturally enriched at the sediment water interface. Slightly 

elevated levels of arsenic and cadmium at some locations may have a natural explanation. 

In contrast to other metals, barium was often present in sediment at a far higher 

concentration than expected from the baseline model, particularly in the Palma area. In fact, 

the concentration of barium in the Palma area was typically far higher than in the Pemba and 

Ibo – St. Lazarus Bank areas. It is probable that at least some of this enrichment reflects an 

impact of drilling operations considering barium is an important constituent of drilling fluids, 

and the most significant enrichment was for sediment near wellheads. However, barium was 

also present at a fairly elevated concentration in sediment collected a considerable distance 

from wellheads in each area, making it difficult to identify the sources of the barium.  
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4. Proposed further work 

The preparation of this report is part of the activities included in the project 1 “Determination 
of physical and chemical characteristics of sediment, water and fish samples from the 
northern coastal area of Mozambique collected in the EAF-Nansen Programme Leg 1.3” 
developed during the post-survey meeting held in Maputo from 1 to 3 August 2018 organized 
by the EAF-Nansen Programme. The EAF-Nansen Programme has a strong focus on the 
capacity development in African countries. Thus, in addition to the preparation of the baseline 
report on physiochemical properties of sediment based on the results of the survey carried 
out by the R/V Dr Fridtjof Nansen, capacity building activities were also included in the initial 
project proposal.  
 
It was strongly recommended that, in this regard, follow-up activities, as regional training on 
survey data analysis and interpretation, should be developed and executed. The need of 
expanding the latter has been stressed and will require additional consultation on modality of 
execution and budget availability.  
 
In the course of discussions on the sediment results, it was highlighted that even though the 
amount of plastic items in water samples collected during the survey was very low, when 
present these items were mainly found in samples collected in the St. Lazarus Bank area, and 
more specifically in canyons in this area. Possible interactions with the geomorphology and 
currents present in the area should be further investigated. 
 
It was recommended that sediment sampled in the St. Lazarus Bank area be analysed by other 
institutions, to calibrate the results obtained by the accredited laboratories that provided the 
results included in this report.  
 
Possible collaboration with the Norwegian-funded Oil for Development Programme should 
be investigated, with particular focus on capacity development for environmental monitoring.  
 
It was proposed to further expand studies on the effects of long-term exposure of corals to 
barium.  
 
A scientific paper on the results described in this report should be prepared.  
 
Additional analysis will be carried out in order to include in the sample analysis the information 
related to current systems. The data recorded with the ADCP are expected to be delivered by 
the end of January and further studies should be done in order to better understand the 
relation between currents and present results on contaminants.  
 
Information on the exact dates when drilling operations were performed in the Palma area 
was requested from oil&gas companies presently involved in exploration in this area. If the 
information is made available then it should be integrated into the results of the analysis on 
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sediment components, to determine of this information can provide insight into some of the 
trends observed.  
 
The work on the preparation of a marine environmental monitoring plan for Mozambique 
should be continued. This is to be based on the OSPAR Guidelines, but with the necessary 
adjustments to local conditions. The next survey in Cabo Delgado should take place 3 - 5 years 
after this baseline study. Some extra reference stations should be added and a sampling grid 
around the production facility should be developed in cooperation with the operators. 
 
A steering group for environmental monitoring with members from the operators, responsible 
national authorities and national and international experts should be established. 
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5. Conclusions and recommendations 

As part of the EAF-Nansen Programme a survey was performed between 21 March to 4 April 
2018, with the objective of addressing issues related to the environmental impacts of oil and 
gas activities in the waters of northern Mozambique. The survey was successfully completed 
by the R/V Dr Fridtjof Nansen, and a wide range of samples and data were collected and 
analysed.  

Sediments in all three areas show variation in contents of the fine-grained mud fraction (< 63 
µm), ranging from no mud to high-mud fraction. On average, sediment in the Ibo – St. Lazarus 
area was coarser (13 percent mud) than in Pemba (29 percent mud) and Palma (34 percent 
mud) areas. There is no correlation between fine-grained fraction and TOC content in all areas. 
Overall, the TOC content in all areas is generally low. 
 
Based on the results of the survey presented here hydrocarbon and metal concentrations in 
sediment in the studied areas may be considered to reflect background levels, with few 
exceptions. 

No significant oil related pollution has been found in any area. In particular, no signs of oil-
based drilling liquids were found. The concentration of mercury was below quantification 
limits in all samples, and concentrations of other metals at most locations were low, close to 
or at background levels. Anthropogenic pollution (PAH and lead) has been confirmed for a 
local hot spot close to Pemba harbour. Considerable levels of barium found at some locations 
are a sign of exploration activities, but are not a concern for the marine environment. 

This study may be considered as a successful baseline investigation useful for the purpose of 
future reference. 

It is recommended that all of the chemicals and supporting sediment characteristic 
parameters reported here be included in future monitoring, as they either provide crucial 
information on oil related contamination, or allow the distinguishing of different sources of 
contamination. One might consider expanding the list of monitored parameters, including 
some metals, as well as emerging organic contaminants such as PFAS (typically used, among 
other things, in fire extinguishing foams employed on oil installations) and microplastics. The 
latter type of contaminants, however, requires a specially adjusted sampling procedure. 

It is further recommended that the same sampling areas be used in future monitoring, 
including at the very least the Ibo – St. Lazarus area as a reference area. A higher density of 
sampling stations, including more deep-water stations, in the Palma area is recommended, 
since these were somewhat limited in number in the survey discussed here for technical 
reasons during the cruise.  

Further work, as proposed in chapter 4 of this report, should include a better cooperation with 
oil companies involved in the exploration activities and a steering group for environmental 
monitoring should be established.  
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The report presents the results of the measurements of grain size, total organic carbon (TOC), 
hydrocarbons and metals in surface sediments (>100 samples) collected from 40 locations off the coast 
of northern Mozambique during an environmental survey in March–April 2018. The survey was carried 
out from the R/V Dr Fridtjof Nansen in the following areas: (i) Pemba – planned gas industry logistic 
base, (ii) Ibo Island (Quirimbas National Protected Area) to St. Lazarus Bank – the reference area, and 

(iii) Palma - gas exploration area. The contents of fine-grained fraction (<63 μm) of the sediment varied

strongly in all areas from coarse sediment to high mud contents, whereas TOC levels were generally
low and correlated poorly with fine-grained fraction. Background levels of hydrocarbons and metals were
found in most of the samples. Anthropogenic contamination was found at one site in Pemba harbour.
No oil-related contamination was demonstrated, including the Palma area where gas exploration is
concentrated. Elevated concentrations of barium and total hydrocarbon content at some locations in the
Palma area are attributed to drilling activities but are not considered to be of environmental concern.
Based on the measured concentrations of chemicals, background concentrations for the studied areas

are proposed. 

For more information: 

The EAF-Nansen Programme  

Fisheries - Natural Resources and Sustainable Production 

Food and Agriculture Organization of the United Nations 

Contact: info-eaf-nansen@fao.org   
Website: http://www.fao.org/in-action/eaf-nansen/en/ 

CA9777EN/1/11.20

ISBN 978-92-5-132958-0

9 7 8 9 2 5 1 3 2 9 5 8 0


