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Summary

Two sampling rounds of Sardinella aurita were conducted in the waters off the coast of
Mauritania to evaluate levels of contamination prior to the commencement of oil production
(pre-PFW) and following the start of produced formation water discharge (post-PFW). The pre-
PFW sampling round was carried out in January 18, 2006 at location 18°23'N-16°20'W and the
post-PFW sampling round in July 1, 2006 at 20°02’'N-17°36'W.

Three pooled and homogenized samples were prepared from each sampling round and each
sample was analyzed for 38 analytes: 14 metals (Mercury (Hg), Arsenic (As), Copper (Cu),
Cadmium (Cd), Lead (Pb), Zinc (Zn), Antimony (Sb), Beryllium (Be), Cobalt (Co), Manganese (Mn),
Tin (Sn), Aluminium (Al), Nickel (Ni) and Chromium (Cr)), Radium 226 and 228, total petroleum
hydrocarbons, BTEX (benzene, toluene, ethylbenzene, xylene) and 16 EPA polycyclic aromatic
hydrocarbons. Sb, Be, Pb, ?*Ra, ??®Ra, BTEX and higher molecular weight PAHs were not
detected in any of the samples, indicating that these elements and compounds were either
absent or in quantities too low to detect. The levels of 11 metals (Hg, As, Cu, Cd, Zn, Be, Co,
Mn, Sn, Al, Ni, and Cr), total petroleum hydrocarbons and lower molecular weight PAHs were
detected in at least one of the samples.

Statistically significant difference between the pre- and post-PFW samples was found for Hg, As,
Cu, Co, Al and six PAHs (naphthalene, acenaphthene, fluorene, phenanthrene, fluoranthene and
pyrene). The levels of Hg, As and six PAHs were higher in the post-PFW samples, while levels of
Cu, Co and Al were higher in the pre-PFW samples. Although the difference is statistically
significant, the differences were not very large and could be attributed to differences in the
environment in which the fish reside and also to age differences between the two sampling
rounds.

Comparison of the measured concentrations with the concentrations reported for fish and food
in scientific literature shows that levels of contaminants in Sardinella aurita from Mauritania are
generally low. Higher concentrations than the background levels reported from elsewhere were
detected only for aluminium, nickel, chromium and cadmium. Although the levels of aluminium,
nickel and chromium were higher than those reported for raw fish samples, they were in the
same range as levels reported for processed fish and food (e.g. canning, baking). The
concentration of cadmium found in Sardinella aurita samples is higher than the maximum
permitted limit set by European Commission for fish marketed in European Union countries.
However, the increased concentrations of cadmium in fish and molluscs from Mauritanian
coastal waters has been reported before and have been attributed to natural processes, such
as the high levels of cadmium brought to surface waters through the upwelling of deep nutrient
rich waters that takes place along the Western Atlantic coast.
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1. Introduction

This document provides a report on the levels of contaminants in Sardinelia aurita caught off
the Mauritanian coast. Compounds of interests are: metals (Hg, As, Cu, Cd, Pb, Zn, Sb, Be, Co,
Mn, Sn, Al, Ni, and Cr), radium (***Ra and ??®Ra), total petroleum hydrocarbons, BTEX and 16
EPA PAHs (naphthalene, acenaphthane, fluorene, phenanthrene, anthracene, fluoranthene,
pyrene, benzo(a)anthracene, chrysene, benzo(e)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(ah)anthracene, benzo(ghi)perylene  and
indeno(123cd)pyrene). The levels are reported for pooled samples of fish caught in two
sampling rounds. The first was conducted to collect baseline information prior to oil production,
while the second sampling round was conducted following PFW discharge to evaluate any
increases in observed levels of contaminants. The levels found in both sampling rounds are
compared and contrasted with levels reported in published scientific literature for other
locations and with food and feed regulation and guideline levels set by official bodies.

The sampling and transport of the samples to IMARES was conducted by Dutch trawlers
operating in the area around the Berge Helene FPSO. Sample preparation consisted of fish
pooling and homogenization and was performed by IMARES. Analysis of the samples for priority
contaminants was performed by IMARES and sub-contracting laboratories.

The report covers the following:
»  Sampling of Sardinella aurita
Sample preparation
Analysis of fish homogenates
Results of analyses
Results of literature search on levels reported for other locations
Results of search for regulation and guideline levels
Comparison of the results for Sardinella aurita with literature data and regulation and
guideline levels

2. Methods and materials

2.1 Sampling and transportation of the samples to IMARES

Two samples of Sardinella aurita were collected in waters off the Mauritanian coast. Fish were
caught by the Dutch fishing vessel operating in the region. First sampling round (pre-PFW) was
performed on January 18, 2006, /.e. before any discharge of PFW from the FPSO had started.
The second set (post-PFW) were collected on July 1, 2006, approximately 2 months after the
regular (everyday) discharges of the PFW had begun.

Sardinella aurita is known to migrate annually up and down the north-western African coast
between 12° and 22°N (Boely 1982; Garcia 1982). Migration starts off Senegal in May, and by
August most of stock is distributed in the northern part of the Mauritanian EEZ. Acoustic
surveys by the R/V Dr. Fridtjof Nansen during the last decade have confirmed this high
abundance of round sardinella in Mauritanian waters up until December (FAO 2006). In early
wintertime, the species moves rapidly to the south again. This migratory route is assumed to
be closely linked to the seasonal variation in the annual sea surface temperature (SST) cycle, in
which a warm-water front comes in the Mauritanian zone from the south in May, moving north
during the summer and cooling down in wintertime again (Vakily 1995).

Sampling locations (see Figure 1) were therefore selected to be closed to the oil production
field but taking into account the migration pattern of Sardinella aurita. In the pre-PFW sampling
round, 264 pieces of Sardinella were caught at the position 18°23'N-16°20'W. Water
temperature was 17.9°C. Sardinellas were frozen and stored in two paper boxes (one
containing 125 and another one 139 pieces) onboard the vessel until 03.03.2006, when they
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were delivered to IMARES. Before processing, fish were stored at -25°C. In the post-PFW
sampling round, 135 pieces of Sardinella were caught at the position 20°02'N-17°36'W. Water
temperature was 21.0°C. Sardinellas were frozen and stored in two paper boxes (one
containing 67 pieces and other one 68 pieces) onboard the vessel until 02.10.2006, when they
were delivered to IMARES. Before processing, fish were stored at -25°C.

Table 1. Summary of sampling details

Species Country Position Sampling Delivery Water
date date temperatur
e

Sardinella Mauritania | 18°23'N-16°20'W | 18.01.2006 | 03.03.2006 | 17.9 °C
Sardinella Mauritania | 20°02’'N-17°36'W | 01.07.2006 | 02.10.2006 | 21.0 °C

Figure 1. Fosition of the ol production (FPSO and Tiof) and fish sampling (Pre- and Post-PFW)
overiaid with migration pattern of Sardinella aurita.

2.2 Sample preparation

Sample preparation procedures for pre-PFW and postPFW samples are described in this
section. In total, three preparations were performed, two pre-PFW samples and one post-PFW.
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Preparation of the pre-PFW samples was repeated, because samples were not cooled during
the 1% preparation and a Stephan cutter was used in the preparation process. Not cooling the
samples may have led to evaporation of volatile BTEX compounds and the use of a Stephan
cutter for homogenization may have led to contamination of the samples by Al, Cr and Ni.

1% preparation of pre-PFW samples (samples A (2006/0527), B (2006/0528) and C
(2006,/0529))

One box (containing 125 fish) from the pre-PFW sampling round was defrosted at laboratory
temperature (ca. 20°C) from March 10, 2006 till March 13, 2006, when samples for analysis
were prepared. Preparation procedure is schematically shown in Figure 2. Fish were pooled
based on their length into 7 groups. In order to provide 3 representative samples, 33 fish of the
27-28 cm group were mixed with 21 fish of the 26-27-cm group and 21 fish of 28-29-cm
group. This operation provided a pool of 75 fish, from which 3 sub-pools A, B and C - each
containing 25 fish — were created by random selection. Weights and lengths of the individual
fish in each sub-pool are given in Annex 1. Samples A, B and C were prepared by cutting off
head and tail of each fish, mincing of individual body remains (including skin, bones and viscera)
and consequent homogenization of the total meat volume. Mincing was performed using mincer
DRC compact 92 (Refrigere, France) and homogenization using a Stephan cutter (Stephan
Machines, Almelo, the Netherlands) for 3 minutes. All sample preparation was performed at
laboratory temperature. Fish homogenate was then placed into several glass jars, which were
stored in the refrigerator at -25°C till their analysis at IMARES or their transport to sub-
contracting laboratory.

Lengthrange  Number

Sub-pool A\, | Head and tail cutting | _ Sample A

(cm) 25 fishes Homogenization ™ (2006/0527)
24-25 5 /
25-26 20
26-27 31 —21 Sub-pool B, | Head andtail cutting |  Sample B
27-28 33 —33 . Homoaenizati
25 fish genization 2006/0528
28-29 29 —21 IShes ( )
29-30 6
30-31 1
Total 125 Sub-pool C Head and tail cutting | = Sample C
25 fishes Homogeni zation (2006/0529)

Figure 2. Details on the I°" preparation of the pre-PFW samples

2" preparation of the pre-PFW samples (samples D (2006,/0928), E (2006,/0929), F
(2006,/0930))

A second box (containing 139 fish) from the pre-PFW sampling round was defrosted at 0°C
from September 13, 2006 till September 18, 2006, when samples for analysis were prepared.
Preparation procedure is schematically shown in Figure 3. Fish were pooled based on their
length into 10 groups. In order to provide 3 representative samples, 15 fish of the 25-26 cm
group were mixed with 42 fish of the 26-27-cm group and 18 fish of 27-28-cm group. This
operation provided a pool of 75 fish, from which 3 sub-pools D, E and F — each containing 25
fish — were created by random selection. Weights and lengths of individual fish in each sub-pool
are given in Annex 2. Samples D, E and F were prepared by cutting off head and tail of each
fish and mincing of body remains (including skin, bones and viscera) together using a DRC
compact 92 mincer (Refrigere, France). Sample preparation was performed while keeping fish
and homogenates on ice to eliminate losses of analytes by evaporation. Fish homogenate was
then placed into several glass jars, which were stored at -25°C until their analysis at IMARES or
their transport to a sub-contracting laboratory.
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Lengthrange  Number
(cm)

Head and tail cutting L Sample D

22.23 2 Homogenization (2006/0928)
23-24 2
24-25 8
gg—gg ig— 4112 Sub-pool E He|3_|ad and tail ;gtti ng | SampleE

- i omogenization 2006/0929
27-28 30— 18 25 fishes ( )
28-29 17
29-30 7
32-33 L Sub-pool F\,| Headandtail cutting | = Sample F
34-35 L 25 fishes Homogenization (2006/0930)
Total 139

Figure 3. Details on the 2™ preparation of the pre-PFW samples

Preparation of post-PFW samples (samples G (2006,/0893), H (2006/0894), |
(2006,/0895))

Both boxes (containing 139 fish in total) from the post-PFW sampling round were defrosted at
0°C from October 2, 2006 till October 4, 2006, when samples for analysis were prepared. The
preparation procedure is schematically shown in Figure 4. Fish were pooled based on their
length into 10 groups. In order to provide 3 representative samples, 35 fish of the 31-32 cm
group were mixed with 37 fish of the 32-33-cm group and 3 fish of 33-34-cm group. This
operation provided a pool of 75 fish, from which 3 sub-pools G, H and | — each containing 25
fish — were created by random selection. Weights and lengths of individual fish in each sub-pool
are shown in Annex 3. Samples G, H and | were prepared by cutting off the head and tail of
each fish and mincing of body remains (including skin, bones and viscera) together using a DRC
compact 92 mincer (Refrigere, France). Sample preparation was performed while keeping fish
and homogenates on ice to eliminate losses of analytes by evaporation. Fish homogenate was
then placed into several glass jars, which were stored at -25°C until their analysis at IMARES or
transport to a sub-contracting laboratory.

Lengthrange  Number

(cm)
27.28 3 Sub-pool G Head and tail cutting | _ Sample G
28-29 3 25 fishes Homogenization (2006/0893)
29-30 9
30-31 22
g;gg g? —35 Sub-pool H Head and tail cutting | _ Sample H

- —37 ; Homogenization 2006/0894
33.34 153 25 fishes ( )
34-35 7
35-36 3
38-39 1 Sub-pool | Head and tail cutting | _ Sample!|
Total 135 25 fishes Homogenization (2006/0895)

Figure 4. Details on the preparation of the post-PFW samples

2.3 Transport of samples

Samples for analysis by sub-contracting laboratories were transported from IMARES by courier
service. Samples were sent in cool-boxes filled with ice-packs to keep samples as cool as
possible during transport. Samples for IMROP were sterilized before sending using a Muvero-
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Mat sterilizer (type 90E) for 45 minutes at 122°C (pressure 1.4 bar, heating-time: 90 min,
cooling time: 20 min).

2.4 Analytical procedure

Determination of selected analytes was performed in the fish homogenates by IMARES or sub-
contracting laboratories using the analytical procedures described in this section. In order to
minimize analytical variation between the measurements, the analyses of the pre- and post-PFW
samples were performed together in the period from October 10 till November 30, 2006. The
only exception was the analysis of selected metals (Hg, As, Cu, Cd, Pb, Zn, Sb, Be, Co, Mn, Sn)
and PAHSs, which was performed in May and July respectively, to provide comparison values for
IMROP's interHaboratory validation as soon as possible.

Metals (Be, Co, Cr, Mn, Ni, Sn, Sb, Cd, Pb, Zn, Cu)

Fish homogenate was digested with nitric acid in a temperature and pressure controlled
microwave digester. Solution was then quantitatively transferred into a volumetric flask and the
concentration of metals was analyzed by an inductively coupled plasma — mass spectrometer.
For sample introduction a crossflow nebulizer was used and quantification was done by
standard addition to eliminate matrix effects.

Metals (Al)

Fish homogenate was digested with nitric acid in a temperature and pressure controlled
microwave digester. The solution was then quantitatively transferred into a volumetric flask and
the concentration of aluminium was analyzed by an inductively coupled plasma - atomic
emission spectrometer.

Metals (As, Hg)

Fish homogenate was digested with nitric acid in a temperature and pressure controlled
microwave digester. The solution was then quantitatively transferred into a volumetric flask and
the concentration of arsenic and mercury was analyzed by atomic absorption spectrometry with
hydride generation.

Radium 226

The radium isotopes were initially co-precipitated with lead and barium sulphates from a faintly
acid sample. The precipitate was isolated by centrifuging, then redissolved in an alkaline
solution of ethylenediaminetetraacetic acid (EDTA) and triethanolamine (TEA). The radium
isotopes were then co-precipitated with barium sulphate from acetic acid medium free of lead
contamination. The barium sulphate was then further purified by a series of precipitations and
finally mounted as a thin source on a 5 cm diameter stainless-steel planchet. After a 21-day
ingrowth period, the source was then counted for gross alpha activity on a Berthold LB770 low-
level proportional counter for 1000 minutes. This determines the alpha activity of the Ra-226
and its daughters in secular equilibrium (Rn-222, Po-218 and Po-214). The Ra-226 activity is
given by dividing the gross alpha activity by four.

Radium 228

Radium-228 was measured using gamma spectrometry technique. This measurement
technique is based on the use of germanium detectors coupled to a computerised analytical
system. The detectors are calibrated for efficiency using a mixed radionuclide standard, which
covers an energy range of approximately 120-2000 keV. Efficiencies at lower energies are
determined on an individual basis. Stored spectra are analysed using the software Fitzpeaks for
photopeak identification and subsequent quantification.

Total petroleum hydrocarbons

Fish homogenates were Soxhlet extracted for 12 h by hexane:dichloromethane (3:1). The
extracts were then saponified by adding 20 mL of 0.7M KOH and 30 mL of water and refluxing
for 2 h. The resulting mixture was transferred into a separatory funnel and extracted 3 times
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with hexane. The extracts were then combined, filtered through glass wool and dried with
anhydrous sodium sulphate. The extract was concentrated by rotary evaporation down to about
3 mL. Finally, the extract was cleaned up by passing it through a silica/alumina column. The
cleaned sample was then determined using gas chromatography with flame ionization detector.
Quantification was performed based on the RIVM oil standard, which has a similar composition
profile to oil from Mauritania. Decane and tetracontane were used as internal standards.

Benzene, Toluene, Ethylbenzene, Xylenes (BTEX)

Fish samples were transferred to a 25 ml vial. After addition of water and internal standard, the
homogenate was treated in an ultrasonic bath (20 min at 0°C) to further disrupt the tissue. The
glass vessel was then connected to a purge and trap apparatus coupled to a gas
chromatograph-mass spectrometer (GC-MS). The BTEX were forced out of the tissue by
purging with a stream of helium gas, while heating at 70°C and trapped onto a sorbent trap.
After purging, the trap was backflushed while being rapidly heated to 250°C and the analytes
were desorbed and, next, trapped in a cryofocusing module (-120°C) connected to the
analytical column. The analytes were injected into the column by rapidly heating the module
from -120°C to 200°C in 0.75 min.

Polycyclic aromatic hydrocarbons

30 g of fish homogenate was transferred to a 250 mL conical flask and was dissolved by
shaking (for at least 3 hours in a shaker) with ethanolic potassium hydroxide. The mixture was
then transferred to a separation funnel and hexane extracted three times. Hexane extracts were
combined and cleaned within a silica-aluminiumoxide column. The clean extract was evaporated
to almost dryness and re-dissolved in acetonitrile. The PAHs were determined by HPLC with a
fluorescence detector.

Dry weight and fat content

Dry weight was determined gravimetrically by drying the sample at 103°C.

Fat content was determined according to Bligh and Dyer method, in which fat is extracted from
the homogenate and its content is determined gravimetrically after evaporation of the solvent.

3. Results

Analyte concentrations measured in pooled Sardinella aurita samples from the pre-PFW and
post-PFW sampling rounds are shown in Annexes 4 and 5. Each analyte was measured in three
samples from the pre-PFW sampling round and in three samples from the post-PFW sampling
round. The data in Annex 4 are given on wet (fresh) weight basis and in Annex 5 on dry weight
basis.

Comparison of the average concentrations from the pre- and post-PFW sampling round and
indication if there is a statistically significant difference (tested by ftest) between the two
sampling rounds are shown in Tables 2 and 3. The concentrations shown in the tables are
average values of three measurements or three limit-of-detection (LOD) values. The values
calculated as the average of the three LOD values are indicated in the tables by a ‘<’ symbol. In
cases when from the three measurements one or two were below LOD, the concentration
shown is the average of the measured value and limit-of-detection value(s). Such averages are
conservative estimates of the real concentration and they are often called in legislation texts as
upper-bound values or the worst-case scenario values. They are indicated in the tables by the
symbol ‘a’. The ttest was not performed for means which are below LOD, because such
comparison would not compare analyte concentrations but performance of the analytical
procedure. Before the t-test was applied, the data were tested using F-test (Microsoft Excel)
whether the data have equal variance. Depending on the results of the F-test, t-test (Microsoft
Excel) for equal or unequal variances was selected.

Discussion of the results for each group of analytes, which includes comparison of the
measured concentrations with the literature data, with maximum tolerable residue levels set in
legislation texts or with recommended levels by health organizations is given in the next
section.
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Table 2. Comparison of average concentrations (on wet weight basis) of priority pollutants in
Sardinella aurita caught before (pre-PFW) and after (post-PFW) start of PFW discharge.

pre-PFW sampling

post-PFW sampling

ttest (a=0.09)

significant
Metals Average STDEV Average STDEV  Units difference
Mercury (Hg) 0.0041# 0.00052  0.0099 0.0002 mg/kgww yes** (P=4.64e-5)
Arsenic (As) 1.4 0.1 1.9 0.06 mg/kg ww  yes™* (P=0.0008)
Copper (Cu) 1.3 0.00 1.2 0.00 mg/kg ww  yes** (P=1.3e-2)
Cadmium (Cd) 0.35 0.01 0.40 0.036 mg/kgww no** (P=0.0712
Lead (Pb) <0.04 - <0.04 - mg/kg ww  —
Zinc (Zn) 14 1.0 12 0.6 mg/kg ww  no** (P=0.0668)
Antimony (Sb) <0.04 - <0.02 - mg/kg ww -
Beryllium (Be) <0.007 - <0.005 - mg/kg ww -
Cobalt (Co) 0.059 0.003 0.044 0.003 mg/kgww yes** (P=0.0029
Manganese (Mn) 1.7 0.2 1.5 0.23 mg/kg ww  no** (P=0.2377)
Tin (Sn) 0.17¢ 0.082 <0.0256 - mg/kg ww -
Aluminium (Al) 12.3 0.58 8.0 1.1 mg/kg ww  yes** (P=0.003/)
Nickel (Ni) 0.20 0.078 0.12 0.024 mg/kgww no** (P=0.171/)
Chromium (Cr) 0.14° 0.14° 0.038 0.007  mg/kgww no* (P=0.2094
Radium
Ra-226 <0.001 - <0.001 - Ba/kg ww -
Ra-228 <2.3 - <5 - Ba/kgww -
TPHs
TPHs 7.3 1.9 35.8 18.4 mg/kgww  no* (P=0.1124
BTEX
Benzene <3 - <3 - pg/kg ww - —
Toluene <3 - <3 - pg/kg ww - —
Ethylbenzene <3 - <3 - pug/kg ww -
p,m-Xylene <3 - <3 - pg/kg ww - —
0-Xylene <3 - <3 - pg/kgww -
PAHs
Naphthalene 0.28° 0.242 4.5 1.4 ug/kg ww  yes* (P=0.0345)
Acenaphthene 0.0332  0.0062 0.27 0.06 ug/kg ww  yes* (P=0.0195)
Fluorene <0.05 - 0.33 0.058 pg/kgww yes (no ttest)
Phenanthrene 0.18 0.192 1.6 0.2 pg/kg ww  yes** (P=0.0009
Anthracene <0.1 - 0.07 0.01 ug/kg ww - -
Fluoranthene <0.1 - 0.37 0.06 ug/kg ww  yes (no ttest)
Pyrene <0.05 - 0.2 0.00 pg/kg ww  yes (no ttest)
Benzo(a)anthracene <0.05 - 0.043*  0.006% pg/kgww -
Chrysene <0.03 - 0.063*  0.038* pg/kgww -
Benzo(e)pyrene <0.03 - <0.06 - pg/kgww - —
Benzo(b)fluoranthene ~ <0.03 - <0.31 - pug/kg ww - —
Benzol(k)fluoranthene <0.03 - <0.11 - pug/kg ww - —
Benzo(a)pyrene <0.02 - <0.06 - ug/kgww  —
Dibenzo(ah)anthracen -
e <0.02 - <0.48 - pg/kg ww
Benzo(ghi)perylene <0.02 - <0.21 - ug/kg ww -~
Indeno(123cd)pyrene  <0.02 - <0.2 - ug/kgww  —
Dry weight 29.1 0.4 34.2 0.6 % ww yes** (P=0.0003)
Lipid content 5.9 0.3 12.9 0.6 % ww yes** (P=5¢-5)

@ LOD(s) value was included in calculation; * t-test assuming unequal variances (df=2);

equal variances (df=4)

* ttest assuming
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Table 3. Comparison of average concentrations (on dry weight basis) of priority pollutants in
Sarainella aurita caught before (pre-PFW) and after (post-PFW) start of PFW discharges.

pre-PFW sampling post-PFW sampling ttest (a=0.0%)
significant
Metals Average STDEV Average STDEV Units  difference
Mercury (Hg) 0.014*  0.001° 0.029 0.000 mg/kgdw yes** (P=34e9)
Arsenic (As) 4.0 0.15 5.5 0.2 mg/kg dw yes™* (P=0.0009)
Copper (Cu) 4.5 0.06 35 0.1 mg/kg dw  yes** (P=5.2e-5)
Cadmium (Cd) 1.2 0.03 1.2 0.1 mg/kg dw no** (P=0.8058)
Lead (Pb) <0.14 - <0.12 - mg/kg dw -
Zinc (Zn) 48 2.8 36 1 mg/kg dw yes™* (P=0.0027)
Antimony (Sb) <0.1 - <0.058 - mg/kg dw -
Beryllium (Be) <0.02 - <0.014 - mg/kg dw -
Cobalt (Co) 0.17 0.01 0.13 0.01 mg/kg dw yes** (P=0.0027)
Manganese (Mn) 5.0 0.5 4.3 0.7 mg/kg dw no** (P=0.2389
Tin (Sn) 0.51° 0.232 <0.073 - mg/kg dw -
Aluminium (Al) 42 2.6 23 3.7 mg/kg dw yes** (P=0.0018)
Nickel (Ni) 0.68 0.26 0.36 0.07 mg/kg dw no** (P=0.1020)
Chromium (Cr) 0.48° 0.47° 0.11 0.02 mg/kg dw  no* (P=0.3044)
Radium
Ra-226 <0.003 - <0.003 - Ba/kg dw -
Ra-228 <7.8 - <15 - Ba/kgdw -
TPHs
TPHs 25 6 104 53 mg/kg dw  no* (P=0.1218
BTEX
Benzene <10 - <8.8 - pg/kg dw -
Toluene <10 - <8.8 - pg/kg dw -
Ethylbenzene <10 - <8.8 - pg/kg dw -
p,m-Xylene <10 - <8.8 - ug/kg dw -
o-Xylene <10 - <8.8 - pg/kg dw -
PAHs
Naphthalene 0.95° 0.80° 13 4 ug/kg dw  yes* (P=0.0401)
Acenaphthene 0.122 0.022 0.78 0.18 ug/kg dw  yes* (P=0.0228
Fluorene <0.17 - 1.0 0.2 pg/kg dw  yes (no ttests)
Phenanthrene 0.622 0.642 4.8 0.5 pg/kg dw  yes™* (P=0.0010)
Anthracene <0.34 - 0.20 0.03 pg/kg dw -
Fluoranthene <0.34 - 1.1 0.2 ug/kg dw  yes (no ttesh
Pyrene <0.17 - 0.58 0.01 pg/kg dw  yes (no ttest)
Benzo(a)anthracene <017 - 0.132 0.01* pug/kgdw -
Chrysene <0.10 - 0.18° 0.11*  pg/kgdw -
Benzo(e)pyrene <0.10 - <0.18 - ug/kg dw -
Benzo(b)fluoranthene  <0.10 - <0.91 - ug/kg dw -
Benzo(k)fluoranthene <0.10 - <0.32 - ug/kg dw -
Benzo(a)pyrene <0.069 - <0.17 - ug/kg dw -
Dibenzo(ah)anthracen - - -
e <0.069 <14 pg/kg dw
Benzo(ghi)perylene <0.069 - <0.62 - ug/kg dw -
Indeno(123cd)pyrene <0.069 - <0.59 - pg/kgdw  —
Dry weight 29.1 0.4 34.2 0.6 % ww yes** (P=0.0003)
Lipid content 20.1 1.3 37.8 1.4 % dw yes** (P=8.8e-5

@ LOD(s) value was included in calculation; * t-test assuming unequal variances (df=2); ** t-test assuming
equal variances (df=4)
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4, Discussion

4.1 Metals (Hg, As, Cu, Cd, Ni, Pb, Zn, Al, Sb, Be, Cr, Co, Mn, Sn)

Fourteen metals were measured in the Sardinella aurita samples from the pre- and post-PFW
sampling round. Figure 5 shows comparison of the levels between the two rounds. As can be
seen from the figure, ten metals (Zinc, Aluminium, Arsenic, Copper, Cadmium, Manganese,
Mercury, Nickel, Chromium and Cobalt) were detected in samples from both sampling rounds,
one (Tin) was detected only in the samples from the pre-PFW sampling round and three (Lead,
Antimony and Beryllium) were not detected (below LOD) in any of the sampling rounds. The
highest concentration was detected for Zinc and Aluminium, followed by Arsenic, Manganese,
Copper, Cadmium and then by the rest of analysed metals. Statistically significant differences
between mean concentrations from the pre and post-PFW sampling rounds was found (using #
test (a=0.0%) for Aluminium, Arsenic, Copper, Mercury, and Cobalt and no difference was
found for Zinc, Cadmium, Manganese, Nickel and Chromium. Concentrations of Aluminium,
Copper and Cobalt found in the postPFW sampling round were lower than in the pre-PFW
sampling round, while concentrations of Arsenic and Mercury were higher than in the pre-PFW
sampling round. Although differences were observed between the two sampling rounds, they
are certainly not dramatic and can be attributed to variation between the two samples (e.g. fat
content and age of fish). The discussion on differences and levels for each of the metals is
given below.
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Figure 5. Average levels of metals in Sardinella aurita from the pre- and post-PFW sampling
round performed off Mauritanian coast. Where no values are shown, the level was below the
limit of detection.

Zinc (Zn)

Table 4 shows levels of Zn measured in pre- and post-PFW samples and their comparison with
the levels reported in the scientific literature and with regulation and guideline levels. The
concentration of Zinc was found to be the highest from all measured metals. The levels of Zn
are 12 and 14 mg/kg ww in pre- and post-PFW samples, respectively. There is no statistically
significant difference between the two samples .

The published data shows that Zn is an essential nutrient that is present in all organisms, it
bioconcentrates moderately in aquatic organisms but it does not biomagnify through terrestrial
food chain. A bioconcentration factor (BCF) of 1000 was reported for both aquatic plants and
fish, and a value of 10000 was reported for aquatic invertebrates (Fishbein 1981). A recent
study shows that bioaccumulation of zinc in fish is inversely related to the aqueous exposure
(McGeer 2003). This evidence suggests that fish placed in environments with lower zinc
concentrations can sequester zinc in their bodies.

As Table 4 shows, the levels of Zn found in Sardinella aurita from this study are in the same
range as in fish from elsewhere. Interestingly, one study was located which reports levels of Zn
in fish species (including Sardinella aurita) sampled in 1996 at Mauritania coast close to
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Nouakchott (Romeo 1999). The comparison presented in Table 4 clearly shows that the levels
are very similar.

As for the regulation and guideline levels, Food and Agricultural Organization has set
permissible limits at 30 mg/kg ww and US EPA has recommended health criteria at 480 mg/kg
ww. The levels found in Sardinella aurita samples are well below these levels.

Table 4. Comparison of Zn levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kg ww  mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita Whole fish 14 48 Pre-PFW
Mauritania (20°02’'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish 12 36 Post-PFW
Mauritania (18°N-16°W) 5.11.1996 Sardinella aurita Muscle - 23 (Romeo 1999)
Mauritania (18°N-16°W) 5.11.1996 Pelagic species Muscle - 32-42 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species Muscle - 11-20  (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species Gills - 45-120 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species Liver - 100-507 (Romeo 1999)
Coast of Qatar 2000-2001 Demersal species ~ Muscle - 5.8-67 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species  Liver - 143-356 (Mora 2004)
Coast of UAE 2000-2001 Demersal species  Muscle - 1.8-23.3 (Mora 2004)
Coast of UAE 2000-2001 Demersal species  Liver - 184-2400 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species  Muscle - 16-27  (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species  Liver - 295-421 (Mora 2004)
Coast of Oman 2000-2001 Demersal species  Muscle - 10-13  (Mora 2004)
Coast of Oman 2000-2001 Demersal species  Liver - 1335-1714 (Mora 2004)
Coast of California 1978-1989 Various species Whole fish ~ 36.8° - (Cohen 2001)
Coast of the Netherlands 2003 Various species Muscle 3.1-26 - (IMARES 2006)
Georgia and Alabama 2003 Canned fish - 0.14-98 - (lkem 2005)
Saudi Arabia 2004 Canned fish - 3.8-24 - (Ashraf 2006)
Russia, Krasnoyarsk 1997-1998 Crucian carp Muscle - 50.5*  (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998 Perch Muscle - 104*  (Gladyshev 2001)
Permissible limits of Food and Agricultural Organization (FAO) 30 - (lkem 2005)
US EPA health criteria 480 - (Ikem 2005)

2 average from more values
® the value is the 85™ percentile which corresponds to approximately 1.5 SD above the mean of a normally distributed
data set

Aluminium (Al)

Aluminium concentrations were found to be the second highest, at 12 and 8.0 mg/kg ww in the
pre- and post-PFW samples, respectively. The difference between the two sampling rounds is
statistically significant, but it is clearly not very big.

The literature data shows that aluminium is ubiquitous, the third most common element of the
earth’s crust. Accumulation in biota was shown to be pH-dependent. A bioconcentration factor
(BCF) of 215 was reported for brook trout at pH=5.3, 123 at pH=6.1 and 36 at pH=7.2
(Cleveland 1986). Generally, aluminium is not bioaccumulated in fish to a significant extent
(BCF<300), partly because of its high toxicity (Rosseland 1990; DHHS 2006).

Comparison of the measured levels with levels reported in the scientific literature is given in
Table 5. The typical levels in raw muscle tissues of fish caught in North Sea, Northeast Atlantic,
Barents Sea, Greenland waters and Baltic sea varies between 0.021 and 0.35 mg/kg ww
(Ranau 2001b). Various authors have shown that the food processing (using aluminium foil or
instruments) increases the concentration of aluminium in fish by a factor of 2 — 70. The typical
levels in prepared fish dishes vary between 0.2 and 20 mg/kg ww. Other food items, such as
Coca-Cola or beer from aluminium cans contain aluminium in the range of 0.05 and 0.7 mg/kg
and some foodstuffs containing aluminium additives (e.g. processed cheese, grain products
and grain-based desserts) can have aluminium concentration up to 500 mg/kg ww.

It is obvious that the levels reported for Sardinella aurita in this study are significantly higher
when compared to the data reported for raw muscle tissues and that they are in the upper part
of the range for processed foodstuffs. Although there are various explanations for the
increased levels of aluminium in Sardinella samples — e.g. increased levels of aluminium in
coastal waters of Mauritania or significantly higher aluminium content in whole-fish homogenate
(/.e. including viscera and bone tissues) compared to muscle tissue — the most probable reason
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is contamination of the sample homogenate during the mincing process of pooled samples.
Further investigation is therefore required before a final conclusion can be drawn regarding the
aluminium content in Sardinella aurita samples from Mauritania. However, even if no
contamination during homogenization can be proven, consumption of Sardinella would not pose
a significant human exposure risk for aluminium. The reported levels in Sardinella are still lower
than in some of the processed foodstuffs. Consumption of half a kilo of Sardinella would be
equivalent to the estimated total daily intake of aluminium, which is in the range of 2 to 6
mg/day (Gramiccioni 1996; Scancar 2004) and is far below the maximal permitted intake of 60
mg Al per day for an adult man, established by the FAO/WHO Expert Committee on Food
Additives (WHO 1989b).

As for the regulation and guideline levels, no data were located for aluminium in fish or
foodstuffs.

Table 5. Comparison of Al levels from the pre- and postPFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kg ww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish 12 42 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish 8.0 23 Post-PFW
Russia, Krasnoyarsk 1997-1998 Crucian carp Muscle - 31°  (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998 Perch Muscle - 27°  (Gladyshev 2001)
Kuwait 2001 Various dishes dishes <3-56 - (Dashti 2004)
1985 Cod (food) Muscle (cooked) 0.4 - (Greger 1985)
1989 Salmon (food) Muscle (cooked) 5.4 - (Schenk 1989)
1989 Herring (food) Muscle (cooked) 0.13 - (Schenk 1989)
United Kingdom 1999 Fish (food) Muscle (cooked) 6.1 - (MAFF 1999)
North Sea 1999 Gadus morhua Muscle 0.033-0.19 - (Ranau 2001a)
North Sea 1999 Pollachius virens Muscle 0.032-0.16 - (Ranau 2001a)
North Sea 1999 Scomber scombrus Muscle 0.040-0.10 - (Ranau 2001a)
Northeast Atlantic 1999 Ocean perch Muscle 0.065-0.13 - (Ranau 2001a)
North Sea 1999 Lean fish (<1.5%)  Muscle 0.021-0.35 - (Ranau 2001b)
North Sea 1999 Fatty fish (>1.5%) Muscle 0.040-0.30 - (Ranau 2001b)
North Sea 1999 Flat fish Muscle 0.040-0.18 - (Ranau 2001b)
Northeast Atlantic 1999 Lean fish (<1.5%)  Muscle 0.026-0.18 - (Ranau 2001b)
Northeast Atlantic 1999 Fatty fish (>1.5%) Muscle 0.055-0.17 - (Ranau 2001b)
Northeast Atlantic 1999 Flat fish Muscle 0.021-0.27 - (Ranau 2001b)

3 average value from more measurements

Arsenic (As)

Table 6 shows the levels of arsenic measured in pre- and postPFW samples and their
comparison with the levels reported in scientific literature and with regulation and guideline
levels. Concentrations found in pre- and post-PFW samples are 1.4 and 1.9 mg/kg ww,
respectively. The difference between the two sampling rounds is statistically significant but it is
clearly not very large and could be attributed to difference in fat content and age of fish.
Arsenic bioconcentrates moderately and is mainly accumulated in the livers of fish.
Bioconcentration factors (BCFs) of freshwater fish ranged from 0 to 17 (EPA 1980a) and from
200-800 in fish livers (Lither 1995). Although fish take in arsenic, which may build up in tissues,
most of this arsenic is in an organic form (mainly arsenobetaine and arsenocholine, also
referred to as “fish arsenic”), which does not appear to be harmful to humans and is excreted,
rapidly and unchanged, in urine.

Low levels of arsenic are commonly found in food. Shellfish and other marine foods contain the
highest arsenic concentrations and are the largest dietary source of arsenic. As table 6 shows,
arsenic levels in fish are usually about 0.3-5 mg/kg ww and the levels reported for Sardinelia
auritain this study are within this range.

The maximum permissible limit of 1 mg/kg ww is set by Australia for inorganic arsenic in
foodstuffs. Since the total arsenic was analysed in Sardinella, it is not possible to make a
proper comparison. However, the recommended values for arsenic by New Zealand and Hong
Kong are 2 and 6 mg/kg ww respectively and they are not exceeded in the Sardinella samples.
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Table 6. Comparison of arsenic levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice  mg/kg ww mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinelia aurita ~ Whole fish 1.4 4.0 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 1.9 5.5 Post-PFW
Coast of Qatar 2000-2001 Demersal species Muscle - 2.2-10 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - 2.4-22 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - 1.9-5.0 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - 1.5-19 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - 1.2-14 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 2.2-2.8 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - 0.83-2.9 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Liver - 2.61-12 (Mora 2004)
Coast of California 1978-1989 Various species ~ Whole fish 0.5° - (Cohen 2001)
Georgia and Alabama 2003 Canned fish - 0.0-1.72 - (Ilkem 2005)
USA 1991-1997 Canned tuna Muscle 0.61-1.5 - (Tao 1999)
USA 1991-1997 Fish sticks Muscle 0.38-2.8 - (Tao 1999)
USA 1991-1997 Haddock Muscle 0.51-10 - (Tao 1999)
Maximum permissible limit stipulated by Australia for inorganic arsenic 1 - (Munoz 2000; lkem 2005)
Recommended value by New Zealand 2 - (Ilkem 2005)
Recommended value by Hong Kong 6 - (lkem 2005)

® the value is the 85™ percentile which corresponds to approximately 1.5 SD above the mean of a normally distributed data set

Copper (Cu)

Table 7 shows levels of copper measured in pre- and post-PFW samples and their comparison
with levels reported in the scientific literature and the regulation and guideline levels. The levels
of copper are 1.3 and 1.2 mg/kg ww for pre- and post-PFW samples, respectively. Although the
difference between the two values is very small, the difference is significant.
Copper is an essential element that is present in all organisms and it has a low potential for
bioconcentration. The bioconcentration factor of fish from various field studies was between

10-667 (Perwak 1980).

Table 7. Comparison of copper levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice  mg/kg ww mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 1.3 4.5 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 1.2 3.5 Post-PFW
Mauritania (18°N-16°W) 5.11.1996 Sardinella aurita  Muscle - 2.8 (Romeo 1999)
Mauritania (18°N-16°W) 5.11.1996 Pelagic species ~ Muscle - 1.6-1.7 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species Muscle - 0.3-1.6  (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Gills - 1.4-3.1 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Liver - 8.1-49  (Romeo 1999)
Coast of Qatar 2000-2001 Demersal species Muscle - 0.49-0.59 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - 34-91  (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - 0.37-20  (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - 9.3-39  (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - 0.24-0.59 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 76-276  (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - 0.51-0.58 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Liver - 39-164  (Mora 2004)
Coast of California 1978-1989 Various species ~ Whole fish ~ 3.4° - (Cohen 2001)
Georgia and Alabama 2003 Canned fish - 0.01-5.3 - (lkem 2005)
Saudi Arabia 2004 Canned fish - 0.13-4.3 - (Ashraf 2006)
Russia, Krasnoyarsk 1997-1998 Crucian carp Muscle - 4.3 (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998 Perch Muscle - 5.1° (Gladyshev 2001)
Northwest Atlantic 1990 cod Muscle - <1.2-1.5 (Hellou 1992b)
Northwest Atlantic 1990 cod Liver - 5-10 (Hellou 1992b)
Permissible limits of Food and Agricultural Organization (FAO) and World Health 30 - (Ilkem 2005)
Organization

US EPA health criteria 120 - (Ilkem 2005)

2 average value of more measurements
® the value is the 85" percentile which corresponds to approximately 1.5 SD above the mean of a normally distributed data set
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As Table 7 shows, the levels of copper found in Sardinella aurita from this study are in the
same range as the levels in fish from elsewhere. One study was located which reports levels of
Cu in fish species (including Sardinella aurita) sampled in 1996 in Mauritania waters close to
Nouakchott (Romeo 1999). The comparison presented in the table shows that the levels
presented in this study are slightly higher. This can however be explained by the fact that the
published data are for muscle tissue and in this study whole-fish homogenate was analysed,
which is expected to have higher concentrations due to higher bioconcentration of copper in
viscera than in muscle tissues.

As for regulation and guideline levels, the Food and Agricultural Organization (FAO) has set
permissible limits at 30 mg/kg ww and US EPA has recommended health criteria at 120 mg/kg
ww. The levels found in Sardinella aurita samples are well below these levels.

Cadmium (Cd)

Table 8 shows the levels of cadmium measured in the pre- and postPFW samples and the
levels reported in scientific literature and regulation and guideline levels. Concentrations of
cadmium in pre- and post-PFW samples were 0.35 and 0.40 mg/kg ww, respectively. The
difference between the two sampling rounds was not statistically significant.

Cadmium concentrates in freshwater and marine animals to concentrations hundreds to
thousands of times higher than the surrounding water. Reported bioconcentration factors range
from 3 to 4190 for fresh water aquatic organisms, and from 5 to 3160 for saltwater
organisms.

Cadmium has been detected in nearly all samples of food analyzed with sufficient sensitive
methods. In foods obtained from unpolluted areas, the cadmium concentration is usually lower
than 0.1 mg/kg ww. Milk, dairy products, eggs and beef usually contain <0.01 mg/kg ww while
higher concentrations, 0.01-0.10 mg/kg, are typically found in vegetables, fruits, and grains
(Elinder 1992). As demonstrated in Table 8, concentrations in muscle tissue of fish are usually
<0.01 mg/kg ww, occasionally around 0.1 mg/kg ww, however, significantly higher
concentrations, 0.11-195 mg/kg dw, were reported for liver tissue.

The levels reported for Cadmium in this report are significantly higher compared to data
published in the literature. The levels in Sardinella aurita exceed the maximum permitted levels
in fish set by European Commission and they are close also to permissible limits set by the
FAO.

Table 8. Comparison of cadmium levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kg ww mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 0.35 1.2 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 0.40 1.2 Post-PFW
Mauritania (18°N-16°W) 5.11.1996 Sardinella aurita  Muscle - 0.02 (Romeo 1999)
Mauritania (18°N-16°W) 5.11.1996 Pelagic species  Muscle - 0.03-0.04 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Muscle - 0.02-0.06  (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Gills - 0.06-0.23  (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Liver - 4.7-51 (Romeo 1999)
Coast of Qatar 2000-2001 Demersal species Muscle - 0.001-0.013 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - 0.11-1.5  (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - <0.001-0.001 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - 0.11-9.9  (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - <0.001-0.002 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 0.369-2.1 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - <0.005-0.014 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Liver - 11.2-195 (Mora 2004)
Coast of California 1978-1989 Various species ~ Whole fish 0.1 - (Cohen 2001)
Coast of the Netherlands 2003 Various species  Muscle <0.004-0.032 - (IMARES 2006)
Georgia and Alabama 2003 Canned fish - 0.000-0.054 - (Ilkem 2005)
Saudi Arabia 2004 Canned fish - 0.01-0.69 - (Ashraf 2006)
Permissible limits of Food and Agricultural Organization (FAO) 0.5 - (Ilkem 2005)

Maximum permitted level in fish set by European Commission 0.05-0.30 (EC 2002)




Report C005/07 Page 17 of 41

Higher levels of cadmium in Sardinefla aurita could originate from water, sediment and food.
High levels of cadmium have already been found in a mollusc species, Venus verrucosa,
collected in Mauritanian waters in 1987 (Romeo 1988; Sidoumou 1991). Elevated
concentrations (4.5 — 51 mg/kg dw) were also reported in livers from fish caught off the town
of Nouakchott, although concentrations in muscles of the same fish were on a background level
(0.02 - 0.06 mg/kg dw) (Romeo 1999). The elevated levels in those two studies were
attributed by the authors to natural processes, such as the high levels of Cd brought into the
surface waters through the upwelling of deep nutrient-rich waters which takes place along the
Western Atlantic coast. It has been shown that Cd but also Zn have nutrient-type distributions in
Atlantic waters (Bruland 1983b) and dissolved Cd maintains a one to one relationship with
phosphate concentrations in upwelling waters (Bruland 1983a). Since phosphate rocks are very
common in Mauritania but also in neighbouring Senegal (which extracts and exports this
fertiliser) (Romeo 1999), leaching of phosphate rocks may increase phosphate concentrations
in waters and thus further increase cadmium concentration. Cadmium could be then readily
bioaccumulated in the lower portion of the food chain and passed along and eventually
bioconcentrate to elevated levels in Sardinella aurita. It is however interesting to note that the
limited data for Cd in the livers of commercial deep-sea fish were not particularly elevated
(Mormede 2001) and the concentrations found in this study seems to be higher than those
reported from the Mauritania coast in 1996. Therefore, the elevated level of Cd in fish is clearly
a topic of regional interest that merits further investigation.

Manganese (Mn)

Table 9 shows levels of manganese measured in pre- and post-PFW fish samples and their
comparison with levels reported in scientific literature. Concentrations of manganese in the pre-
and post-PFW samples are 1.7 and 1.5 mg/kg ww, respectively. The difference between the
two sampling rounds is not statistically significant.

The literature data shows that manganese in water may be significantly bioconcentrated at
lower trophic levels. Folsom (1963) estimated that the BCF of manganese was 2500-6300 for
phytoplankton, 300-5500 for marine algae, 800-830 for intertidal mussels, and 35-930 for
coastal fish. Similarly, Thomson et al (Thompson 1972) estimated that the BCF of manganese
was 10000-20000 for marine and freshwater plants, 10000-40000 for invertebrates, and
100-600 for fish.

Table 9. Comparison of manganese levels from the pre- and post-PFW sampling round with
levels reported in the scientific literature.

Place Date Species Matrice mg/kg ww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 1.7 5.0 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita ~ Whole fish 1.5 43 Post-PFW

Coast of Qatar 2000-2001 Demersal species Muscle - 0.18-0.35 (Mora 2004)
Coast of Qatar 2000-2001  Demersal species Liver - 2.4-4.2  (Mora 2004)
Coast of UAE 2000-2001  Demersal species Muscle - 0.06-0.14 (Mora 2004)
Coast of UAE 2000-2001  Demersal species Liver - 3.2-5.2  (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Muscle - 0.26-0.68 (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Liver - 2.8-5.3  (Mora 2004)
Coast of Oman 2000-2001  Demersal species Muscle - 0.087-0.20 (Mora 2004)
Coast of Oman 2000-2001  Demersal species Liver - 1.9-4.8 (Mora 2004)
Georgia and Alabama 2003 Canned fish - 0.01-2.6 - (Ilkem 2005)
Russia, Krasnoyarsk 1997-1998  Crucian carp Muscle - 7.8° (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998  Perch Muscle - 2.42 (Gladyshev 2001)
Canada 1992 Bluefin tuna Muscle - 0.16-0.31 (Hellou 1992a)

Manganese is a natural component of most foods. The highest concentrations (up to 50 mg/kg
ww) are found in nuts, tea, pineapples, and whole grains, with lower levels (up to 5 mg/kg ww)
found in milk products, meats, fish and eggs (Pennington 1986; Davis 1992). As demonstrated
in Table 9, the levels of manganese in fish muscle tissue typically range from 0.06 to 0.7
mg/kg dw, while higher concentrations, 1.9-5.3 mg/kg dw were found in liver tissues. The
levels found in Sardinella aurita samples are higher compared to those typical values. It can be
partly explained by the fact that the whole-fish homogenate was analysed instead of muscle
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tissue, but regional and species differences should be considered as well. Although the levels in
Sardinella aurita are higher than those reported elsewhere, they are in the same range (up to 5
mg/kg ww) as some other foodstuffs, e.g. meat, milk or eggs.

As for the guideline levels, US national research council has recommended safe and adequate
daily intake levels for manganese that range from 0.3 to 1mg/day for children up to 1 year, 1-2
mg/day for children up to age 10, and 2-5 mg/day for children 10 and older. The upper
tolerable intake level of manganese for children (1-3 years old) and males/females (19-70 years
old) is 2 and 11 mg/day, respectively (IMNA 2003; lkem 2005).

Mercury (Hg)

Table 10 shows levels of mercury measured in the pre- and post-PFW fish samples and their
comparison with the levels reported in scientific literature and regulation and guideline levels.
Concentrations of mercury in pre- and post-PFW samples were 0.0044 and 0.0099 mg/kg ww,
respectively. The difference between the two sampling rounds is statistically significant. The
higher concentration in the post-PFW sampling round can be explained by older age of the fish
compare to those in pre-PFW sampling round. Mercury bioaccumulate in fish tissue and total
mercury concentration is known to generally increase with age (DHHS 1999).

The concentration of mercury measured in Sardinella aurita in this study was very low. The
levels are lower than any other levels reviewed in Table 10. Interestingly, levels measured in
this study are lower even in comparison to the levels reported for the fish species (including
Sardinella aurita) sampled from the Mauritania coast in 1996 and are very low compared to the
maximum permitted level in fish set by the European Commission.

Table 10. Comparison of mercury levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish ~ 0.0044 0.015 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 0.0099 0.029 Post-PFW
Mauritania (18°N-16°W) 5.11.1996 Sardinella aurita  Muscle - 0.09 (Romeo 1999)
Mauritania (18°N-16°W) 5.11.1996 Pelagic species  Muscle - 0.30 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Muscle - 0.12-0.42  (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Gills - 0.05-0.15 (Romeo 1999)
Mauritania (18°N-16°W) 11/1996 & 2/1997 Benthic species  Liver - 0.15-0.86  (Romeo 1999)
Coast of Qatar 2000-2001 Demersal species Muscle - 0.34-1.04  (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - 0.333-1.3  (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - 0.452-2.35 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - 0.587-4.65 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - 0.669-0.740 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 0.287-2.1  (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - 0.435-0.522 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Liver - 0.398-1.3  (Mora 2004)
Coast of the Netherlands 2003 Various species  Muscle 0.016-0.10 - (IMARES 2006)
Georgia and Alabama 2003 Canned fish - 0.015-0.74 - (Ilkem 2005)
Maximum permitted level in fish set by European Commission (species dependent) 0.50-1.0 - (EC 2002)

Nickel (Ni)

Table 11 shows the levels of nickel measured in pre- and post-PFW samples and compares
them with the levels reported in the scientific literature. Concentrations of nickel in pre- and
post-PFW samples are 0.20 and 0.12 mg/kg ww, respectively. The difference between the two
samples is not statistically significant.

The literature data shows that nickel is not accumulated in significant amounts by aquatic
organisms (Birge 1980; Zaroogian 1984) and the bioconcentration factor for aquatic
organisms (e.g. algae, arthropods, molluscs, and fish) was reported to be below 100 (Birge
1980; McGeer 2003).

Jenkins (Jenkins 1980) has compiled levels of nickel in aquatic species from scientific literature.
For areas thought to be uncontaminated, they reported nickel concentrations in freshwater fish
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to be in the range <0.2-2.0 mg/kg ww and in marine fish not detected — 4.0 mg/kg ww. A
more recent surveys data (Table 11) are in the range <0.01-0.11 mg/kg dw for raw fish and
0.00-2.1 mg/kg ww for processed fish. The levels reported in the Sardinella aurita are higher
than those data shown for raw fish. This can be attributed to differences in environmental
conditions and the species analysed, but one should keep it mind that it is possible the samples
experienced contamination from the mincer during the homogenization process.

As for guideline levels, the upper tolerable intake level of nickel for children (1-3 years old) and
males/females (19-70 years old) is 7 and 40 mg/day, respectively (IMNA 2003; lkem 2005).

Table 11. Comparison of nickel levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinelia aurita ~ Whole fish 0.20 0.68 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 0.12 0.36 Post-PFW

Coast of Qatar 2000-2001 Demersal species Muscle - 0.03-0.09  (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - <0.01-0.08 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - <0.01 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - <0.01-0.08 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - <0.01-0.09 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 0.039-0.085 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - <0.05-0.111 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Liver - <0.05-0.10 (Mora 2004)
Coast of California 1978-1989 Various species Whole fish 0.2 - (Cohen 2001)
Georgia and Alabama 2003 Canned fish - 0.000-0.78 - (lkem 2005)
Saudi Arabia 2004 Canned fish - 0.12-2.13 - (Ashraf 2006)
Russia, Krasnoyarsk 1997-1998 Crucian carp Muscle - 2.2° (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998 Perch Muscle - 0.46° (Gladyshev 2001)

2 average value of more measurements

Lead (Pb)

Table 12 shows levels of lead measured in pre- and post-PFW fish samples and comparison
with levels reported in the scientific literature and regulation and guideline values.
Concentrations of lead in both pre- and post-PFW samples are below the limit of detection, 0.04
mg/kg ww.

Comparison given in Table 12 shows that the levels of lead in Sardinella aurita from Mauritania
are not higher than levels reported for other species and locations and they are far below the
maximum permitted level in fish set by European Commission or the FAQ.

Table 12. Comparison of lead levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish <0.04 <0.14 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <0.04 <0.12 Post-PFW

Coast of Qatar 2000-2001 Demersal species  Muscle - 0.108-0.551 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species  Liver - 0.074-0.276 (Mora 2004)
Coast of UAE 2000-2001 Demersal species ~ Muscle - <0.01-0.119 (Mora 2004)
Coast of UAE 2000-2001 Demersal species  Liver - 0.085-0.308 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species ~ Muscle - 0.005-0.028 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species  Liver - <0.001-0.012 (Mora 2004)
Coast of Oman 2000-2001 Demersal species ~ Muscle - 0.011-0.025 (Mora 2004)
Coast of Oman 2000-2001 Demersal species  Liver - 0.076-0.426 (Mora 2004)
Coast of California 1978-1989 Various species Whole fish 0.3 - (Cohen 2001)
Coast of the Netherlands 2003 Various species Muscle <0.068-0.19 - (IMARES 2006)
Georgia and Alabama 2003 Canned fish - 0.000-0.031 - (lkem 2005)
Saudi Arabia 2004 Canned fish - 0.03-1.97 - (Ashraf 2006)
Russia, Krasnoyarsk 1997-1998 Crucian carp Muscle - 0.21° (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998 Perch Muscle - 0.122 (Gladyshev 2001)
Permissible limits of Food and Agricultural Organization (FAO) 0.5 - (lkem 2005)

US EPA health criteria 4 - (Ikem 2005)
Maximum permitted level in fish set by European Commission 0.20-0.40 - (EC 2002)

(species dependent)
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@ average value of more measurements

Antimony (Sb)

Table 13 shows levels of antimony measured in pre- and post-PFW samples and comparison
with levels reported in scientific literature. Concentrations of lead in both pre- and post-PFW
samples are below limit of detection which is 0.04 mg/kg ww for pre-PFW samples and 0.02
mg/kg ww for post-PFW samples.

Antimony levels reported for other locations were located only for fish from the Gulf. Similarly to
results for Sardinella aurita from Mauritania, the levels were below or around the limit of
detection, which was 0.001 mg/kg dw. No regulation and guideline levels were located for
antimony in fish or foodstuffs.

Table 13. Comparison of antimony levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice mg/kg ww  mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita Whole fish  <0.04 <0.1 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish  <0.02 <0.058 Post-PFW
Coast of Qatar 2000-2001  Demersal species Muscle - <0.001 (Mora 2004)
Coast of Qatar 2000-2001  Demersal species Liver - <0.001 (Mora 2004)
Coast of UAE 2000-2001  Demersal species Muscle - <0.001 (Mora 2004)
Coast of UAE 2000-2001  Demersal species Liver - <0.001 (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Muscle - <0.001 (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Liver - <0.001-0.002 (Mora 2004)
Coast of Oman 2000-2001  Demersal species Muscle - <0.005-0.012 (Mora 2004)
Coast of Oman 2000-2001  Demersal species Liver - <0.005 (Mora 2004)

Beryllium (Be)

Table 14 shows levels of berylium measured in pre- and postPFW samples and their
comparison with the levels reported in scientific literature. Concentrations of beryllium in both
pre- and post-PFW samples are below the limit of detection which is 0.007 mg/kg ww for the
pre-PFW samples and 0.005 mg/kg ww for the post-PFW samples.

Beryllium does not bioconcentrate in aquatic organisms. A measured bioconcentration factor of
19 was reported for beryllium in bluegill fish (EPA 1980b; DHHS 2002). Other investigators
have reported a BCF of 100 for freshwater and marine plants, vertebrates, and fish (Calahan
1979; DHHS 2002).

The beryllium concentration in several foods, fruits, and fruit juices from around the world has
been reviewed in (DHHS 2002). The median concentration of beryllium in the 38 foods listed
was 0.0225 mg/kg fresh weight (excluding kidney beans) and the range of concentrations was
<0.0001-2.2 mg/kg fresh weight. The highest concentrations (in mg/kg fresh weight) were
reported for kidney beans (2.2), crisp bread (0.112), garden peas (0.109), parsley (0.077), and
pears (0.065). The average concentration of beryllium in fruit and fruit juices was 0.013 mg/L,
and the concentrations ranged from not detected to 0.075 mg/L. The levels for fish were
located in only two studies and reported concentrations were between 0.0016-0.019 mg/kg
ww. The levels of beryllium in Sardinella aurita from Mauritania are not higher than these levels.
No regulation and guideline levels were located for beryllium in fish or foodstuffs.

Table 14. Comparison of beryllium levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinelia aurita Whole fish <0.007 <0.02  PrePFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <0.005 <0.014  Post-PFW
1966 Mullet Whole fish 0.0016-0.019 - (Meehan 1967)
1966 Blackfish Whole fish 0.0037-0.018 - (Meehan 1967)
USA, Commencement Bay 1986 English sole Muscle 0.006 - (Nicola 1987)

Chromium (Cr)

Table 15 shows the levels of chromium measured in pre- and post-PFW fish samples and their
comparison with the levels reported in the scientific literature and with regulation and guideline
levels. Concentrations of chromium in the pre- and post-PFW samples are 0.14 and 0.038
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mg/kg ww, respectively. Although the difference between the levels is rather high, the t-test
classified it as not statistically significant due to the high variance in the pre-PFW data.
Chromium does not bioconcentrate in fish (Fishbein 1981; Schmidt 1984). Total chromium
levels in most fresh foods are very low (vegetables (0.020-0.050 mg/kg), fruits (0.020
mg/kg), grains and cereals (0.040 mg/kg), chicken eggs (0.060-0.52 mg/kg ww), seafoods
(0.12-0.47 mg/kg ww) and whole fish (0.050-0.080 mg/kg ww)) (DHHS 2000). As Table 15
shows, the levels of chromium in raw fish tissue from the Persian Gulf and Guld of Oman were
in the range of <0.01 and 0. 075 mg/kg ww, while in processed (canned) fish in the range
0.00 and 0.89 mg/kg ww. The levels reported in the Sardinella aurita are higher compared to
raw fish data from the Persian Gulf and Gulf of Oman. This could be explained by the difference
in environmental conditions and species studied, but similarly to case of Ni and Al one should
keep in mind that the levels could be increased by contamination during the homogenization
process with the mincer. As for the comparison with the regulation and guideline levels,
detected concentration of chromium in Sardinella aurita is well below the US EPA health criteria
of 8 mg/kg ww. According to the Institute of Medicine there is no upper tolerable intake level
for chromium, but the adequate intake of chromium for women and men 51-70 years old is
0.020 and 0.030 mg/day, respectively (IMNA 2003; lkem 2005).

Table 15. Comparison of chromium levels from the pre- and post-PFW sampling round with
levels reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 0.14 0.48 Pre-PFW
Mauritania (20°02’'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 0.038 0.11 Post-PFW

Coast of Qatar 2000-2001 Demersal species Muscle - <0.01-0.05 (Mora 2004)
Coast of Qatar 2000-2001  Demersal species Liver - <0.01-0.08 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Muscle - <0.01-0.05 (Mora 2004)
Coast of UAE 2000-2001  Demersal species Liver - <0.01-0.05 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Muscle - 0.013-0.075 (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Liver - 0.019-0.028 (Mora 2004)
Coast of Oman 2000-2001 Demersal species Muscle - <0.05-0.077 (Mora 2004)
Coast of Oman 2000-2001  Demersal species Liver - <0.05-0.062 (Mora 2004)
Coast of California 1978-1989  Various species Whole fish 0.2° - (Cohen 2001)
Georgia and Alabama 2003 Canned fish - 0.00-0.30 - (lkem 2005)
Saudi Arabia 2004 Canned fish - 0.02-0.89 - (Ashraf 2006)
Russia, Krasnoyarsk 1997-1998  Crucian carp Muscle - 1.12 (Gladyshev 2001)
Russia, Krasnoyarsk 1997-1998  Perch Muscle - 0.362 (Gladyshev 2001)
US EPA health criteria 8 - (Ilkem 2005)

2 average value of more measurements
® the value is the 85™ percentile which corresponds to approximately 1.5 SD above the mean of a normally distributed data set

Cobalt (Co)

Table 16 shows levels of cobalt measured in pre- and post-PFW fish samples and their
comparison with the levels reported in the scientific literature. Concentrations of cobalt in the
pre- and post-PFW samples are 0.059 and 0.044 mg/kg ww, respectively. The difference
between the two sampling rounds is statistically significant, but it is not very large.

The bioaccumulation factors (dry weight basis) for cobalt in marine and freshwater fish are
100-4000 and <10-1000, respectively; accumulation in the muscle of marine fish is 5-500
(Smith 1981). Cobalt largely accumulates in the viscera and on the skin, as opposed to the
edible parts of the fish. In addition cobalt does not bioaccumulate within the food chain.

The levels of cobalt were determined in 50 different food items, mainly meat, fish, fruit,
vegetables, pulses, and cereals on the Swedish market during the years 1983-1990 (Jorhem
1993). Beef liver and seeds were fairly high in cobalt and fish, fruit, and root and leafy
vegetables were under 0.01 mg/kg ww. The cobalt levels in mg/kg fresh weight were highest
in alfalfa seeds (0.86), linseed (0.56), milk chocolate (0.34), dark chocolate (0.24), white poppy
seeds (0.30), blue poppy seeds (0.15), soya beans (0.084), green lentils (0.054), and beef liver
(0.043). The cobalt content of 20 brands of alcoholic and nonalcoholic beer widely consumed
in Spain ranged from 0.00016 to 0.00056 mg/L with a median of 0.00039 mg/L (Camean
1998).
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The cobalt levels were reported in muscle and liver tissues of fish from the Persian Gulf and the
Gulf of Oman (see Table 16). The levels in muscle tissue varied between <0.005 and 0.014
mg/kg dw and in liver tissue between 0.16 and 0.58 mg/kg dw. The levels measured in
Sardinella aurita are higher than those reported for muscle tissue but lower than those in liver
tissue. This is not surprising, because as was mentioned before cobalt largely accumulates in
the viscera and on the skin and the levels in Sardinella aurita were measured in whole fish
homogenate. The levels in Sardinella aurita are lower than in many foodstuffs. As for the
regulation and guideline levels, no data were located for fish or foodstuffs.

Table 16. Comparison of cobalt levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice mg/kg ww mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 0.059 0.17 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 0.044 0.13 Post-PFW
Coast of Qatar 2000-2001  Demersal species Muscle - <0.005-0.013 (Mora 2004)
Coast of Qatar 2000-2001 Demersal species Liver - 0.32-0.58  (Mora 2004)
Coast of UAE 2000-2001  Demersal species Muscle - <0.005-0.014 (Mora 2004)
Coast of UAE 2000-2001 Demersal species Liver - 0.16-0.23  (Mora 2004)
Coast of Bahrain 2000-2001  Demersal species Muscle - <0.01 (Mora 2004)
Coast of Bahrain 2000-2001 Demersal species Liver - 0.16-0.42  (Mora 2004)
Coast of Oman 2000-2001  Demersal species Muscle - <0.05 (Mora 2004)
Coast of Oman 2000-2001  Demersal species Liver - 0.22-0.38  (Mora 2004)
Georgia and Alabama 2003 Canned fish - 0.00-0.10 - (Ikem 2005)
Netherlands 1986 Eel - 2.5-25 - (Badsha 1988)
Tin (Sn)

Table 17 shows levels of tin measured in pre- and post-PFW samples and their comparison with
the levels reported in the scientific literature and with the regulation and guideline levels.
Concentration of tin in the pre-PFW samples is 0.21 mg/kg ww and in the post-PFW samples
below limit of detection which is 0.025 mg/kg ww.

Bioconcentration factor of inorganic tin was estimated to be 100, 1000 and 3000 for marine
and freshwater plants, invertebrates and fish respectively.

Tin concentrations of vegetables, fruits and fruit juices, nuts, dairy products, meat, fish, poultry,
eggs, beverages, and other foods not packaged in metal cans are generally <2 mg/kg (DHHS
2005). Tin concentrations in pastas and breads have been reported to range from <0.003 to
0.03 mg/kg. Mean tin concentrations ranging from <1 to 1000 mg/kg have been found in
foods packaged in unlacquered or partially lacquered cans, while the average tin concentration
in foods in lacquered cans has been reported as 0-6.9 mg/kg (WHO 2003; DHHS 2005).

Table 17. Comparison of tin levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the regulation and guideline levels.

Place Date Species Matrice mg/kg ww mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 0.21 0.61 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish <0.025 <0.073 Post-PFW
Georgia and Alabama 2003 Canned fish - 0.04-28.7 - (lkem 2005)
Permissible limits of World Health Organization (WHO) 250 - (lkem 2005)

Tin concentrations in various foods were determined in a dietary tin intake study for adults in
France. Foods in lacquered cans generally were found to contain tin concentrations below 10
mg/kg, and tin concentrations ranged from 24 to 156 mg/kg in food from unlacquered cans.
The average tin concentration in fresh foods was 0.03 mg/kg (Biego 1999). Canned vegetables
and fruit products were found to have mean tin concentrations of 44 and 17 mg/kg fresh
weight, respectively, in a 1994 total diet study in the United Kingdom (Ysart 1999; DHHS
2005).

Samples of fish, crustaceans, cephalopods, and bivalve molluscs were purchased from
markets in Stockholm, Sweden; London, England; Marseille, France; Singapore; Ulsan, Korea;
Sydney, Australia; Galveston, United States; and Halifax, Canada during August and September
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1997 and analyzed for tributyltin content (DHHS 2005). Average tributyltin concentrations for
bivalves, pelagic fish, pelagic invertebrates, and flatfish were 0.040, 0.016, 0.0074, and
0.0046 mg TBT/kg, respectively.

The levels detected in Sardinella aurita in this study are in a good agreement with the levels
described above. As for the regulation and guideline levels, permissible limits from the World
Health Organization are 250 mg/kg ww. The levels detected in Sardinella aurita samples are
well below this limit.

4.2 Radium

Measured levels of ?*Ra and ??®Ra for pre- and post-PFW samples and their comparison with
the levels reported in scientific literature and regulation levels are given Table 18 and 19,
respectively. The levels of 2°Ra and ??®Ra found in both rounds are below the limit of detection,
which are 0.001 Bg/kg ww for 2?°Ba and 1-6 Bq/kg ww for 2%Ra.

The literature data shows that 2%°Ra bioaccumulates in marine organisms. Concentration of
226R3 in muscle tissue does occur (Swanson 1983: Ruttenber 1984), but at lower levels than in
bones and viscera. Bioconcentration factors (BCFs) for fish living in streams or lakes receiving
uranium-processing waste effluent have ranged from 1 to 60 for flesh portions, and from 40 to
1800 in bone samples (Markose 1982; Swanson 1985; Clulow 1998). Haridasan et al.
(Haridasan 2001) when studying the fate of waste disposal from rock phosphate ore
processing in India showed that the BCFs of ??°Ra for fish (sp. 7halassinus) was 2 for flesh, 20
for bone and 300 for a viscera sample. Since the concentration in Sardinella aurita from
Mauritania was measured in the whole-fish homogenate, /e. including viscera and bones, the
measured concentration <0.001 Bg/kg ww is very low and can be considered to be
representative for un-polluted areas.

Table 18. Comparison of ?°Ra levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the maximum permitted or recommended levels.

Place Date Species Matrice Bag/kg ww mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita ~ Whole fish <0.001 <0.003 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish <0.001 <0.003 Post-PFW

Bay of Bengal, Bangladesh fish 0.1-1.66 - (S. Ghose 2000)
Syria 1998-2000 Syrian diet - fish ~ muscle - <3 (Al-Masri 2004)
Hong Kong 1990-1995 Grey mullet Flesh <0.006-<0.021 - (Yu 1997)

Hong Kong 1990-1995 Grass carp flesh <0.006-<0.015 - (Yu 1997)

Hong Kong 1990-1995 White pomfret Flesh <0.005 - (Yu 1997)

Hong Kong 1990-1995 Bullseye perch Flesh <0.006-<0.02 - (Yu 1997)

Hong Kong 1990-1995 Golden thread Flesh <0.018 - (Yu 1997)

Hong Kong 1990-1995 Gingo Flesh <0.011 - (Yu 1997)

North Australia 1984-1985 Fork-tailed catfish  Flesh 0.1-0.25 - (Martin 1998)
North Australia 1984-1985 Bony bream Flesh 0.53-1.0 - (Martin 1998)
North Australia 1984-1985 Archer fish Flesh 0.05 - (Martin 1998)
North Australia 1984-1985 Barramundi Flesh 0.05 - (Martin 1998)
North Australia 1984-1985 Fresh-water mullet Flesh 0.05 - (Martin 1998)
North Australia 1984-1985 Long tom Flesh 0.190 - (Martin 1998)
North Australia 1984-1985 Saratoga Flesh 0.1 - (Martin 1998)
North Australia 1984-1985  Sleepy cod Flesh 1.3 - (Martin 1998)
North Australia 1984-1985 Tarpon Flesh 0.02 - (Martin 1998)
India, Chitrapuzha river, (cont.) 1998 Thalassinus Flesh 0.042 - (Haridasan 2001)
India, Chitrapuzha river, (cont.) 1998 Thalassinus Viscera 6.2 - (Haridasan 2001)
India, Chitrapuzha river, (cont.)) 1998 Thalassinus Bones 0.34 - (Haridasan 2001)
Canada, Eliot lake (cont.) 1989 Trout Bones - 0.008-0.014  (Clulow 1998)
Canada, Eliot lake (cont.) 1989 Trout Muscle - 0.0014-0.0032 (Clulow 1998)
Canada, Eliot lake (control) 1989 Trout Bones - 0.011-0.015  (Clulow 1998)
Canada, Eliot lake (control) 1989 Trout Muscle - 0.0026-0.0064 (Clulow 1998)
Canada, Eliot lake (cont.) 1989 Whitefish Bones - 0.031-0.076  (Clulow 1998)
Canada, Eliot lake (cont.) 1989 Whitefish Muscle - 0.0017-0.0028 (Clulow 1998)
Canada, Eliot lake (control) 1989 Whitefish Bones - 0.0065-0.010 (Clulow 1998)
Canada, Eliot lake (control) 1989 Whitefish Muscle - 0.002-0.0021 (Clulow 1998)
Maximum permitted levels set by EC in foodstuffs and feedingstuffs following 400-1250 - (EC 1989)

a nuclear accident or any other case of radiological emergency
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Table 19. Comparison of ?®Ra levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature and with the maximum permitted or recommended levels.

Place Date Species Matrice Ba/kg ww mg/kg dw Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish <2.3 <7.8  PrePFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish <5 <15 Post-PFW

Bay of Bengal, Bangladesh fish 0.39-1.35 - (S. Ghose 2000)
Syria 1998-2000  Syrian diet - fish ~ muscle - <4 (Al-Masri 2004)
Hong Kong 1990-1995  Grey mullet Flesh 0.1-0.15 - (Yu 1997)
Hong Kong 1990-1995 Grass carp flesh <0.076 - (Yu 1997)
Hong Kong 1990-1995 White pomfret Flesh <0.028 - (Yu 1997)
Hong Kong 1990-1995 Bullseye perch Flesh 0.064-0.072 - (Yu 1997)
Hong Kong 1990-1995 Golden thread Flesh <0.07 - (Yu 1997)
Hong Kong 1990-1995 Gingo Flesh <0.068 - (Yu 1997)
Maximum permitted levels set by EC in foodstuffs and feedingstuffs following 400-1250 - (EC 1989)

a nuclear accident or any other case of radiological emergency

The literature data on levels of ?2Ra in fish and food stuffs are rather rare. Three studies has
been located and the concentrations reported were in the range <0.028 and 1.35 Bg/kg ww.
The levels found in Sardinella aurita from Mauritania are all below the LOD of the method used
(ie. <1 — <6 Bg/kg ww).

Maximum permitted levels of radioactive contamination for foodstuffs and feedingstuffs
following a nuclear accident or any other case of radiological emergency are set in European
Council (EURATOM) regulation No 2218/89 (EC 1989). Radium isotopes are not explicitly listed
in the list, but they might be covered by category ‘All other nuclides of halfife greater than 10
days’. The maximum permitted levels for this group are 400, 1000, 1250 and 1000 Bg/kg ww
for baby foods, dairy produce, other foodstuffs and liquid foodstuffs, respectively. The
concentrations of both isotopes in Sardinella aurita samples from Mauritania are well below
these maximum permitted levels.

4.3 Total petroleum hydrocarbons (TPHs)

Measured levels of TPHs for pre- and post-PFW sampling rounds and their comparison with the
levels reported in the scientific literature are given in Table 20.

The average level measured in the pre-PFW sample is 7.3 mg/kg ww and in the post-PFW
sample is 35.8 mg/kg ww. Although the level detected in the post-PFW samples is 5 times
higher than in the pre-PFW samples, the difference between the two sampling rounds is not
statistically significant. This is likely to be due to the large variation among the individual
measurements, especially in the measurements of post-PFW samples. The higher concentration
and increased variation in the post-PFW samples can be explained by two factors. First, fish
from the post-PFW sampling were older than from the pre-PFW sampling (see differences in
average weights and lengths) and could therefore bioaccumulate more contaminants during
their lives. Second, fish from the post-PFW sampling had higher fat content (12 % ww versus 6%
ww), which resulted in higher amount of matrix artefacts in the final extract and consequently in
the increased response and variation.

The majority of studies found for TPH levels in fish samples originates from the studies
performed as a consequence of the massive oil spills in the Persian Gulf during 1991 war. In
these studies, muscle concentrations between 0.3 and 80 mg/kg ww were reported as typical
for uncontaminated sites (Burns 1973; Gupta 1993). The levels measured in Sardinella aurita in
Mauritania are similar to these levels, especially if we take into account that the Sardinella
analyses were performed in whole-fish homogenate and bioconcentration factors for livers are
about 10-50 times higher than for muscle tissue (see Table 20).

As for the maximum permitted levels or recommended levels of TPHs, no regulations or
guidelines applicable to fish or foodstuffs were located for these compounds.
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Table 20. Comparison of TPH levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice mg/kgww  mg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006 Sardinella aurita  Whole fish 7.3 25 Pre-PFW
Mauritania (20°02’'N-17°36'W) 1.7.2006 Sardinella aurita  Whole fish 35.8 104 Post-PFW
Coast of Qatar 2000-2001  Demersal species Muscle - 4-16 (Tolosa 2005)
Coast of Qatar 2000-2001  Demersal species Liver - 44-185  (Tolosa 2005)
Coast of UAE 2000-2001  Demersal species Muscle - 2-16 (Tolosa 2005)
Coast of UAE 2000-2001  Demersal species Liver - 56-975  (Tolosa 2005)
Coast of Bahrain 2000-2001  Demersal species Muscle - 12-16 (Tolosa 2005)
Coast of Bahrain 2000-2001  Demersal species Liver - 44-82 (Tolosa 2005)
Coast of Oman 2000-2001  Demersal species Muscle - 11-34 (Tolosa 2005)
Coast of Oman 2000-2001  Demersal species Liver - 87-177  (Tolosa 2005)
Arabian Sea (uncontaminated) 1991 Demersal species Muscle 0.3-3.7 - (Gupta 1993)
uncontaminated site 1970-1972  Pelagic fish Muscle 0.3-85 - (Burns 1973;

Gupta 1993)
4.4 BTEX

Measured levels of benzene, toluene, ethylbenzene, p&m-xylens and o-xylen in pre- and post-
PFW samples and their comparison with the levels reported in the scientific literature are given
in Tables 21, 22, 23, 24 and 25, respectively.

As can be seen from the tables, the levels of all BTEX in both samples are below the limit of
detection, 3 pug/kg ww for all BTEX compounds.

Despite the known hazard posed by BTEXs, relatively little is known about the abundance or
presence of these compounds in the marine environment, especially in biota, and their
behaviour in the marine ecosystem. Only two studies have examined the behaviour of BTEX
compounds in the marine environment (Roose 2000; Roose 2003). One of them reported
concentrations in marine organisms from the Belgium coast of the North Sea and the second
one in freshwater eels from Belgium rivers. The average levels reported for marine fish were in
the range 0.7 - 5.8 ug/kg ww for benzene, 0.9 - 21 pg/kg ww for toluene, 1.5 - 11 pg/kg ww
for ethylbenzene, 1.5 - 11 pg/kg ww for m&p-xylene and 0.7 — 4.1 pg/kg ww for o-xylene.
Although the exact levels for Sardinella aurita are not known, it can be concluded that they are
not higher than those reported for the North Sea.

Levels of benzene were monitored in food items in a 5 year study (1996 — 2000) sponsored by
the U.S. Food and Drug Administration (Fleming-Jones 2003). Benzene was found in many food
items, such as in cheddar cheese, cream cheese, margarine, butter, sour cream, ground beef
and many others. The levels varied between 1 and 190 pg/kg ww and the foods with the
greatest maximum concentration of benzene were ground beef (maximum 190 pg/kg ww), raw
bananas (maximum 132 pg/kg ww) and carbonated cola (maximum 138 pg/kg). Clearly,
concentration of benzene in Sardinella aurita from Mauritania is lower than in many other
foodstuffs.

As for the maximum permitted levels or recommended levels of BTEX, no regulations or
guidelines applicable to fish or foodstuffs were located for these compounds.

Table 21. Comparison of benzene levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice ug/kg ww  ug/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish <3 <10 Pre-PFW
Mauritania (20°02’'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <3 <8.8 Post-PFW
Belgium coast, North Sea 1998 Crangon crangon - 0.70 - (Roose 2000)
Belgium coast, North Sea 1998 Mactra stultorum - 2.5 - (Roose 2000)
Belgium coast, North Sea 1998 Mya truncate - 0.55 - (Roose 2000)
Belgium coast, North Sea 1998 Spisula species - 2.0 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda limanda Liver 14 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda lima Muscle 0.50 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Liver 5.8 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Muscle 0.80 - (Roose 2000)

Belgium rivers 2001 Freshwater eel Muscle 1.2-11 - (Roose 2003)
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Table 22. Comparison of toluene levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice ug/kg ww ug/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish <3 <10 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <3 <8.8 Post-PFW
Belgium coast, North Sea 1998 Crangon crangon 0.90 - (Roose 2000)
Belgium coast, North Sea 1998 Mactra stultorum 21 - (Roose 2000)
Belgium coast, North Sea 1998 Mya truncate 3.2 - (Roose 2000)
Belgium coast, North Sea 1998 Spisula species 1.6 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda limanda Liver 4.8 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda lima Muscle 0.95 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Liver 1.5 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Muscle 1.0 - (Roose 2000)
Belgium rivers 2001 Freshwater eel Muscle 1.9-73 - (Roose 2003)

Table 23. Comparison of ethylbenzene levels from the pre- and post-PFW sampling round with
levels reported in the scientific literature.

Place Date Species Matrice ug/kgww  ug/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinellia aurita Whole fish <3 <10 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <3 <8.8 Post-PFW
Belgium coast, North Sea 1998 Crangon crangon 9.8 - (Roose 2000)
Belgium coast, North Sea 1998 Mactra stultorum 2.5 - (Roose 2000)
Belgium coast, North Sea 1998 Mya truncate 2.4 - (Roose 2000)
Belgium coast, North Sea 1998 Spisula species 2.2 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda limanda Liver 11 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda lima Muscle 1.5 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Liver 5.2 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Muscle 2.6 - (Roose 2000)
Belgium rivers 2001 Freshwater eel Muscle 1.2-30 - (Roose 2003)

Table 24. Comparison of m&p-xylene levels from the pre- and post-PFW sampling round with
levels reported in the scientific literature.

Place Date Species Matrice ug/kgww  pg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish <3 <10 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <3 <8.8 Post-PFW
Belgium coast, North Sea 1998 Crangon crangon 9.7 - (Roose 2000)
Belgium coast, North Sea 1998 Mactra stultorum 3.0 - (Roose 2000)
Belgium coast, North Sea 1998 Mya truncate 3.5 - (Roose 2000)
Belgium coast, North Sea 1998 Spisula species 2.5 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda limanda Liver 11 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda lima Muscle 1.5 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Liver 6.3 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Muscle 3.2 - (Roose 2000)
Belgium rivers 2001 Freshwater eel Muscle 0.7-35 - (Roose 2003)

Table 25. Comparison of o-xylene levels from the pre- and post-PFW sampling round with levels
reported in the scientific literature.

Place Date Species Matrice ug/kg ww  pg/kg dw  Reference
Mauritania (18°23'N-16°20'W) 18.1.2006  Sardinella aurita Whole fish <3 <10 Pre-PFW
Mauritania (20°02'N-17°36'W) 1.7.2006 Sardinella aurita Whole fish <3 <8.8 Post-PFW
Belgium coast, North Sea 1998 Crangon crangon 4.1 - (Roose 2000)
Belgium coast, North Sea 1998 Mactra stultorum 1.6 - (Roose 2000)
Belgium coast, North Sea 1998 Mya truncate 1.3 - (Roose 2000)
Belgium coast, North Sea 1998 Spisula species 1.6 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda limanda Liver 6.0 - (Roose 2000)
Belgium coast, North Sea 1998 Limanda lima Muscle 0.70 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Liver 3.6 - (Roose 2000)
Belgium coast, North Sea 1998 Merlangius merlangus Muscle 1.5 - (Roose 2000)

Belgium rivers 2001 Freshwater eel Muscle 0.6-40 (Roose 2003)
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4.5 Polycyclic aromatic hydrocarbons (PAHs)

Sixteen EPA PAH compounds were measured in the Sardinella aurita samples from the pre- and
post-PFW sampling rounds. In samples from the prePFW round three PAH compounds,
naphthalene, acentaphtene and phenanthrene were detected, while in samples from the post-
PFW sampling round nine PAHs, naphthalene, acentaphtene, phenanthrene, fluorene,
anthracene, fluoranthene, pyrene, benzo(a)anthracene and chrysene were detected.
Comparison of the levels from the two sampling rounds for the detected PAHs is shown in
Figure 6. The differences between the two sampling rounds observed in the figure can be
considered statistically significant for six PAHs, naphthalene, acenaphtene, phenanthrene,
fluorene, fluoranthene and pyrene. For all these six compounds, higher levels were detected in
the post-PFW samples than in the pre-PFW samples. For three PAHs detected in both samples
(naphthalene, acentaphtene and phenanthrene), a 10-fold increase in the post-PFW samples was
observed. In the following text, the literature data on PAHSs in fish and foodstuffs are given and
the reported levels are compared with those measured in this study.
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Figure 6. Average levels of detected PAHs in Sardinella aurita from the pre- and post-PFW
sampling round performed at Mauritanian coast. When no values are shown, the level was
below limit of detection.

Literature data shows that although PAHs are accumulated in terrestrial and aquatic plants,
fish, and invertebrates, many animals (including fish) are able to metabolize and eliminate these
compounds. In fish and crustaceans bioconcentration factors have generally been reported in
the range of 10-10000 (Eisler 1987; DHHS 1995). In general, bioconcentration was greater for
the higher molecular weight compounds than for the lower molecular weight compounds. The
above mentioned ability of fish to metabolize PAHs may explain why benzolalpyrene is not
frequently detected or found only at very low levels in fish from environments heavily
contaminated with PAHs (Varanasi 1980; Varanasi 1981). Because of the quick elimination of
PAHs - halflives for elimination of PAHs in fish was shown to range from <2 days to 9 days
(Niimi 1987; DHHS 1995) - biomagnification has not been reported for these compounds
(Eisler 1987).

PAHs have been detected in many food products including cereal, potatoes, grain, flour, bread,
vegetables, fruits, oils, and smoked or broiled meat and fish. The concentrations in uncooked
foods largely depend on the source of the food. The method of cooking influence the PAH
content of food; the time of cooking, the distance from the heat source, and the drainage of fat
during cooking all influence PAH content. Charcoal broiling and smoking is well known to
significantly increase amounts of PAHs in food. In a composite sample characterized to be
typical of the U.S. diet in 1979, Howard found that PAH concentrations in all food groups were
less than 2 mg/kg (Howard 1979).

Few studies reporting levels of PAHs in various fish species were located. An overview of the
levels reported is given in Table 26. One study in which the concentrations of PAHs in various
fish and shellfish species were evaluated from Prince William Sound, Alaska, following the 1989
Exxon Valdez spill of more than 10 million gallons of crude oil were evaluated. PAHs in this
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study were not detected in 18% (72/402) of the samples; trace levels were found in 78%
(312/402) of the samples; and individual PAH concentrations ranging from 5 to 12 pg/kg (wet
or dry weight not specified) were found in 4% (18/402) of the samples. There was no apparent
difference between PAH concentrations in salmon collected from impacted areas and those
collected from control areas; however, there was a suggestion that contamination may
increase with time. No PAHs were detected in 14% (31/221) of samples collected in 1989,
trace levels were found in 85% of these samples, and only 1% (3 samples) had individual PAH
concentration >5 pg/kg; whereas in the 1990 samples, PAHs were detected in all of the 41
samples, trace levels were found in 87% of the samples, and 13% (6 samples) had individual
PAH concentrations >5 pg/kg.

Table 26. Comparison of PAH levels (express both on wet and dry weight basis) from the pre-
and post-PFW sampling round with levels reported in the scientific literature and with the
maximum permitted levels.

Location Year 1 2 3 4 5 6 7 8 Unit Reference

Mauritania 2006 0.28 0.033 <0.05 0.18 <0.1 <0.1 <0.05 <0.05 pg/kg ww  Pre-PFW
Mauritania 2006 4.5 0.27 0.33 1.6 0.07 037 0.2 0.043 pg/kg ww  Post-PFW

Mauritania 2006 095 0.12 <0.17 0.62 <0.34 <034 <017 <017 pg/kg dw  Pre-PFW
Mauritania 2006 13 0.78 1.0 4.8 0.2 1.1 0.58 0.13 pg/kg dw  Post-PFW

Mediterranean 1988 nd-63 nd-264 nd-20 nd-20 nd-14 nd-192 nd-48 nd-473 pg/kg ww (Cocchieri 1990)

The Gulf 1992 nd-67 nd-5.1 nd-19 nd-100 nd-78 nd-120 nd-340 nd-0.3  pg/kg dw (Al-Yakoob 1993)
The Gulf 1992 - - nd-60 nd-15 - - nd-140 - ug/kg dw  (Fowler 1993)
Japan 1998 12 2.5 2.4 0.62 0.25 1.9 - - pg/kg dw (Deb 2000)
Kuwait 1993 2-156 1.6-22 nd-65 5.5-88 nd-5.1 nd-32 nd-68 0.14-5.3 pg/kg dw (Saeed 1995)
The Gulf 2000 nd-12 - - 0.3-4 nd-15 04-4 0.3-5 nd-0.3 pg/kgdw (Tolosa 2005)
EC regulation level - - - - - - - — ug/kg ww  (EC 2002)
Location Year 9 10 11 12 13 14 15 16 Unit Reference

Mauritania 2006 <0.03 <0.03 <0.03 <0.03 <0.02 <0.02 <0.02 <0.02 pg/kg ww  Pre-PFW
Mauritania 2006 0.063 <0.06 <0.31 <0.11 <0.06 <0.48 <0.21 <0.20 ug/kg ww  Post-PFW

Mauritania 2006 <0.10 <0.10 <0.10 <0.10 <0.069 <0.069 <0.069 <0.069 pg/kgdw Pre-PFW
Mauritania 2006 0.18 <0.18 <091 <0.32 <0.17 <14 <0.62 <0.59 pg/kg dw  Post-PFW

Mediterranean 1988 nd-86 - nd-345 nd-144 nd-44 nd-34 nd-1262 nd-185 pg/kg ww (Cocchieri 1990)
The Gulf 1992 nd-0.05 - - - nd-7.6 - - - ug/kg dw  (Al-Yakoob 1993)
The Gulf 1992 - - - - - - - - ug/kg dw  (Fowler 1993)
Japan 1998 - - - - - - - - ug/kg dw  (Deb 2000)
Kuwait 1993 nd16 - - - nd-5.3 0.21-39 0.27-31 0.28-29 pug/kgdw (Saeed 1995)
The Gulf 2000 - - - - nd-0.1 - - nd ug/kg dw  (Tolosa 2005)

EC regulation level - - - 2.0 - - - ug/kg ww _ (EC 2002)

[1] naphthalene, [2] acenaphthene, [3] fluorene, [4] phenanthrene, [5] anthracene, [6] fluoranthene, [7] pyrene, [8]
benzo(a)anthracene, [9] chrysene, [10] benzo(e)pyrene, [11] benzo(b)fluoranthene, [12] benzo(k)fluoranthene, [13]
benzo(a)pyrene, [14] dibenzo(ah)anthracene, [15] benzo(ghi)perylene, [16] indeno(123cd)pyrene

Evaluation of levels measured in Sardinella aurita from Mauritania shows that lower molecular
weight PAHs were detected, while higher molecular weight PAHs originating from pyrolysis
processes were all below the limit of detection. Comparison of the above discussed literature
levels with the levels measured in this study shows that concentrations of PAHs in Sardinella
aurita from Mauritania are in the lower part of the ranges reported for other locations.

The only European Commission regulation for PAHs is for benzo(a)pyrene and is set at 2 pg/kg
ww. However, Benzo(a)pyrene was not detected in any of the Sardinella aurita samples.



Report C005/07 Page 29 of 41

5. Conclusions and recommendations

Two sampling rounds of Sardinella aurita were performed in the waters off the coast of
Mauritania to evaluate levels of contamination prior to oil production (pre-PFW) and following
start of oil production (post-PFW). The pre-PFW sampling round was carried out in January 18,
2006 at location 18°23'N-16°20'W and the post-PFW sampling round in July 1, 2006 at
20°02'N-17°36'W.

In total, 38 analytes were analysed in six pooled samples (3 from the pre-PFW and 3 from the
post-PFW sampling round). Antimony (Sb), beryllium (Be), lead (Pb), radium (?°Ra and 2%Ra),
BTEX and higher molecular weight PAHs were not detected in any of the samples, indicating
that these elements and compounds were either absent or in quantities too low to detect. The
levels of 11 metals (Hg, As, Cu, Cd, Zn, Be, Co, Mn, Sn, Al, Ni, and Cr), total petroleum
hydrocarbons and lower molecular weight PAHs were detected in at least one of the samples.
Comparison of the mean values from the pre- and post-PFW sampling round for detected
analytes and consequent evaluation by the t-test showed that there is a statistically significant
difference for Hg, As, Cu, Co, Al and six PAHs (naphthalene, acenaphthene, fluorene,
phenanthrene, fluoranthene and pyrene). The levels of Hg, As and six PAHs were higher in the
post-PFW samples, while levels of Cu, Co and Al were higher in the pre-PFW samples. Although
the difference is statistically significant, the difference for metals is not very large. The
difference in concentrations of six PAHs is higher - concentrations differ by a factor of 4 to 16.
The observed differences could be attributed to differences in the environment in which the fish
reside but also to age differences between the two sampling rounds. Compared to the pre-PFW
samples, fish in post-PFW samples were older (had twice as much fat content and higher
weight) and consequently more contaminants could bioaccumulate.

Comparison of the measured concentrations with the concentrations reported for fish and food
in scientific literature shows that levels of contaminants in Sardinella aurita from Mauritania are
generally low. Higher concentrations than the background levels reported from elsewhere were
detected only for aluminium, nickel, chromium and cadmium. Although the levels of aluminium,
nickel and chromium are higher than those reported for raw fish samples, they are in the same
range as levels reported for processed fish and food (e.g. canning, baking). Therefore, there is
a suspicion that the increased levels are a consequence of the homogenization process. The
concentration of cadmium found in Sardinella aurita samples is higher than the maximum
permitted limit set by European Commission for fish marketed in European Union countries and
is a topic of regional interest that merits further investigation. However, the increased
concentrations of cadmium in fish and molluscs from Mauritanian coastal waters have been
reported before and have been attributed to natural processes, such as the high levels of
cadmium brought to surface waters through the upwelling of deep nutrient rich waters that
takes place along the Western Atlantic coast.

The survey performed provides information on levels of contaminants in Sardinella aurita prior
to and shortly after start of oil production. Although increases in the concentration of some
PAHs and metals was observed, it is not possible to attribute it to the effect of oil production.
However, in order to be able to conclude that oil production activities have no effect on levels
of contaminants in fish populations, a long term annual monitoring programme should be
established and data compared with data from this study. In addition, benthic fish species and
invertebrates such as mussels, cockles or octopus should be included in the monitoring
programme. Many of these species do not migrate, they live close to the sea bottom (which
might be affected by the long term discharges) and they are important for Mauritanian fisheries
industry and for the local population.
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Annex 1. Weights and lengths of the individual fish in sub-pools (samples) A, B and C.

Sub-pool A (LIMS 2006/0527)

Sub-pool B (LIMS 2006/0528)

Sub-pool C (LIMS 2006,/0529)

Fish code Weight Length

Fish code Weight  Length

Fish code Weight Lengt

(g) (cm) (g) (cm) (g) h (cm)
A-l 227 29.6 B-1 211 27.8 C1 250 29.5
A-2 184 27.3 B-2 169 26.5 C-2 180 26.7
A-3 271 29.6 B-3 206 28.4 C-3 160 26.5
A4 198 285 B-4 191 27.8 C4 178 27.0
A5 210 28.0 B-5 165 26.0 Ch 179 27.4
A-6 174 26.9 B-6 169 26.6 C6 171 27.0
A-7 165 26.5 B-7 218 28.7 C-7 149 26.2
A-8 177 27.0 B-8 174 27.3 C8 190 27.4
A9 234 28.7 B-9 226 29.0 C9 206 27.6
A-10 212 28.3 B-10 160 27.0 C-10 158 26.0
All 206 27.8 B-11 195 27.8 C-11 173 27.1
A-12 212 289 B-12 213 29.0 C-12 212 28.3
A13 203 28.2 B-13 167 27.0 C-13 173 27.3
A-14 180 275 B-14 193 27.7 C-14 174 27.3
A-15 218 289 B-15 212 27.8 C-15 184 27.4
A-l6 196 28.9 B-16 186 27.6 C-16 184 27.4
A-l7 222 28.6 B-17 230 28.8 C-17 164 27.1
A-18 158 26.5 B-18 195 28.3 C-18 182 27.4
A-19 200 27.8 B-19 168 26.5 C-19 181 27.0
A-20 173 26.8 B-20 201 28.5 C-20 170 26.7
A-21 200 27.7 B-21 199 27.7 C-21 170 27.1
A-22 195 28.1 B-22 171 26.7 C-22 179 26.6
A-23 183 27.6 B-23 191 27.7 C-23 191 28.2
A-24 195 275 B-24 187 27.4 C-24 206 29.1
A-25 192 28.1 B-25 206 28.6 C-25 187 27.6

Average 199.4 28.0
Minimum 158 29.6
Maximum 271 26.5

Average 192.1 27.7
Minimum 160 26.0
Maximum 230 29.0

Average 1820 27.3
Minimum 149 26.0
Maximum 250 29.5
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Annex 2. Weights and lengths of the individual fish in sub-pools (samples) D, E and F.

Sub-pool D (LIMS 2006,/0928) Sub-pool E (LIMS 2006,/0929) Sub-pool F (LIMS 2006,/0930)
Fish code Weight Length Fish code Weight  Length Fish code Weight Length
(g (cm) (g) (cm) (g) (cm)
D-1 183 26.7 E-1 186 27.3 F-1 196 27.5
D-2 169 26.0 E-2 155 26.1 F-2 190 27.7
D-3 156 26.9 E-3 174 26.6 F-3 194 27.2
D-4 165 25.7 E-4 153 26.1 F-4 167 27.6
D-5 153 26.1 E-5 179 26.8 F-5 159 26.6
D-6 183 27.9 E-6 160 25.5 F-6 152 26.1
D-7 180 26.8 E-7 155 26.4 F-7 171 27.1
D-8 141 26.5 E-8 163 26.5 F-8 151 25.7
D9 148 25.3 E-9 156 26.3 F9 191 27.7
D-10 162 25.5 E-10 157 25.6 F-10 150 25.6
D11 172 26.5 E-11 200 27.8 F-11 154 26.5
D12 166 26.1 E-12 182 26.9 F-12 143 26.1
D-13 200 27.9 E-13 185 27.2 F-13 151 26.3
D-14 164 25.7 E-14 177 27.5 F-14 164 26.1
D-15 191 27.2 E-15 146 25.7 F-15 175 26.9
D-16 179 26.7 E-16 142 26.1 F-16 167 26.1
D17 183 27.6 E-17 168 26.9 F-17 173 26.9
D-18 165 26.6 E-18 184 27.3 F-18 152 26.1
D-19 180 27.3 E-19 169 26.3 F-19 168 27.1
D-20 163 26.4 E-20 191 26.9 F-20 172 26.2
D-21 163 26.6 E-21 161 26.2 F-21 159 26.4
D-22 165 26.2 E-22 138 26.2 F-22 147 26.1
D-23 133 25.6 E-23 157 25.8 F-23 162 26.8
D-24 161 26.8 E-24 178 27.4 F-24 156 26.1
D-25 151 25.8 E-25 167 25.9 F-25 170 26.4
Average 167.0 26.5 Average 167.3 26.5 Average 165.4 26.6
Minimum 133 25.3 Minimum 138 25.5 Minimum 143 25.6

Maximum 200 27.9 Maximum 200 27.8 Maximum 196 27.7
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Annex 3. Weights and lengths of the individual fish in sub-pools (samples) G, H and I.

Sub-pool G (LIMS 2006,/0893) Sub-pool H (LIMS 2006,/0894) Sub-pool | (LIMS 2006,/0895)
Fish code Weight Length Fish code Weight Length Fish code Weight Length
(g) (cm) (g) (cm) (g) (cm)
G-1 330 33.1 H1 310 31.1 -1 371 31.8
G-2 363 32.4 H-2 287 32.3 -2 305 31.6
G-3 357 31.5 H-3 275 31.2 -3 331 31.6
G4 391 32.9 H-4 321 31.8 -4 307 31.5
G5 339 32.7 H-5 341 331 -5 362 32.9
G-6 348 32.1 H-6 371 32.2 -6 348 325
G-7 360 32.7 H-7 293 31.2 -7 351 32.3
G-8 356 32.9 H-8 344 31.7 -8 331 32.4
G9 307 31.5 H9 316 31.6 19 335 31.6
G-10 304 31.8 H10 321 31.4 10 351 32.1
G-11 374 32.7 H11 359 32.8 11 371 32.1
G-12 329 31.7 H12 378 32.7 12 356 31.2
G-13 403 33.1 H13 357 32.3 13 365 32.6
G-14 330 31.7 H14 333 32.2 14 351 31.6
G-15 353 32.6 H15 398 32.7 15 342 31.8
G-16 323 31.1 H16 298 31.6 16 377 32.4
G-17 355 32.6 H17 315 31.1 17 348 31.4
G-18 387 32.9 H18 326 31.6 18 337 32.2
G-19 351 325 H19 343 31.6 19 405 32.2
G-20 328 31.4 H-20 333 32.1 l-20 340 31.4
G-21 327 31.4 H21 342 31.7 21 291 31.1
G-22 326 325 H-22 317 32.4 [-22 365 32.1
G-23 262 31.3 H-23 301 31.1 123 342 31.7
G-24 338 32.2 H-24 362 32.6 l-24 315 31.1
G-25 316 32.4 H-25 348 32.9 1-25 361 32.6
Average  342,3 32.2 Average  331,6 32.0 Average 346,3 31.9
Minimum 262 31.1 Minimum 275 31.1 Minimum 291 31.1

Maximum 403 33.1 Maximum 398 33.1 Maximum 405 32.9
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Annex 4. Raw data of analysis of fish from both sampling rounds expressed on wet weight

basis

Metals LIMS:
Hg
As
Cu
Cd
Pb
Zn
Sb
Be
Co
Mn
Sn

Metals LIMS:
Al
Ni
Cr

Radium LIMS:
Ra-226
Ra-228

TPHs LIMS:

BTEX LIMS:
Benzene
Toluene
Ethylbenzene
p,m-Xylene
o-Xylene

PAHs LIMS:
Naphthalene
Acenaphthane
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(e)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenzo(ah)anthracene
Benzo(ghi)perylene
Indeno(123cd)pyrene

Dry weight LIMS:

Lipid content LIMS:
(Bligh & Dyer)

LIMS: unique sample registration number of IMARES' laboratory information and management system

Unit

mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/kg ww
mg/Kg ww
mg/kg ww
mg/kg ww
mg/kg ww
Ba/kg ww
Bg

g/Kg Ww
pg/kg ww
ug/kg ww
pg/kg ww
pg/kg ww

pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
ug/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww
pg/kg ww

% ww.

% ww
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Annex 5. Raw data of analysis of fish from both sampling rounds expressed on dry weight
basis

Metals LIMS:
Hg
As
Cu
Cd
Pb
Zn
Sb
Be
Co
Mn
Sn
Metals LIMS:
Al
Ni
Cr
Radium LIMS:
Ra-226
Ra-228
TPHs LIMS:

BTEX LIMS:
Benzene
Toluene
Ethylbenzene
p,m-Xylene
o-Xylene

PAHs LIMS:
Naphthalene
Acenaphthane
Fluorene

Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(e)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenzo(ah)anthracene
Benzo(ghi)perylene
Indeno(123cd)pyrene
Dry weight LIMS:

Lipid content LIMS:

(Bligh & Dyer)
LIMS: unique sample registration number of IMARES' laboratory information and management system

Unit

mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw
mg/kg dw

mg/kg dw
mg/kg dw
mg/kg dw

Ba/kg dw
Ba/kg dw

pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw

g/kg dw

pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
pg/kg dw
g dw

% ww

% dw
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