
Liver Lipids of Indian and Atlantic Ocean Spinner (Carcharhinus brevipinna) and Blacktip (Carcharhinus limbatus)
Sharks. Bruce C Davidsona, Moaweya Zayeda, Sufian Zayeda and Geremy Cliffb. Saint James School of Medicine, Plaza Juliana #4, Kralendijk, 

Bonaire, Netherlands Antillesa and Natal Sharks  Board, Umhlanga, KwaZuluNatal, South Africab.

Introduction
Shark liver oils have been reported to be rich in 

polyunsaturated fatty acids, especially the n3 

moieties (1-4). In this study we report the results 

of analyses of the fatty acids found in the total lipid 

fractions from the livers of two shark species , 

spinner (Carcharhinus brevipinna) and blacktip

(Carcharhinus limbatus), found in both the Atlantic 

and Indian oceans. 

Table 1. Liver total lipids per gram wet tissue mass.
lipid g/g wet mass                               Mean        SD           p
Spinner Atlantic (n=15)                       0.324      0.060        -
Spinner Indian (n=12)                          0.431      0.098        -
Spinner Atlantic v Spinner Indian         - - 0.004
Blacktip Indian v Spinner Indian           - - 0.906
Blacktip Atlantic (n=7)                         0.260      0.102        -
Blacktip Indian (n=14)                          0.426      0.106        -
Blacktip Atlantic v Backtip Indian        - - 0.004
Blacktip Atlantic v Spinner Atlantic     - - 0.164

Table 2. Spinner liver fatty acid methyl esters .
Atlantic (n=15)         Indian (n=12)

Fatty Acids      Mean         SD            Mean        SD               p
TSFA                30.68         3.312       26.22         3.696       0.013
TMUFA            37.28         3.735      31.42         6.881       0.048
18:2n6               0.00           - 0.51         0.684         -
20:4n6               3.55         0.661        3.67         3.443       0.925
22:4n6               0.88         0.646        0.70         0.481       0.460
22:5n6               3.19         1.689        1.54         1.092       0.014
Tn6PUFA           8.59         2.146        6.51         5.328       0.316
18:3n3               1.26         0.633        1.91         0.906       0.099
20:5n3               3.71         1.148      11.78         3.698       0.002
22:5n3               1.86         0.976        2.68         1.937       0.288
22:6n3             16.05         2.609     17.21          2.169      0.277
Tn3PUFA         22.89         2.838     33.67          4.465      0.001
TPUFA              31.48         3.955     40.18         3.894       0.001
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Table 3. Blacktip liver fatty acid methyl esters .
Atlantic (n=7)        Indian (n=14)

Fatty Acids       Mean       SD          Mean        SD                 p
TSFA               35.14        2.545     28.94         4.570         0.007
TMUFA           39.56        3.852     42.32      11.263         0.533
18:2n6              0.23        0.404        0.32        0.491         0.765
20:4n6              3.07        0.359        2.40        1.945         0.365
22:4n6              0.86        0.239        0.66        0.940         0.577
22:5n6              1.94        0.871        1.23        1.575         0.300
Tn6PUFA          5.87        2.118        4.92        5.280         0.656
18:3n3              1.08        0.594        1.84        1.476         0.213
20:5n3              3.37        1.231        8.97        5.025         0.014
22:5n3              1.46        0.647        1.50        1.475         0.946
22:6n3            12.64        3.322      12.12        1.826         0.737
Tn3PUFA        18.68        4.508      24.77        4.377         0.025
TPUFA             25.09        4.979      29.70       6.267         0.148

Spinner (Carcharinus brevipinna)

Blacktip (Carcharinus limbatus)

Methods
Lipid and fatty acid extraction and quantitation were carried 
out using standard techniques (13-14).  

Discussion
In agreement with published data (1-8) both shark species 

from both oceans showed comparatively high levels of 

total lipid and specifically n3 polyunsaturates. However, 

the Indian Ocean sharks  showed greater total lipid 

concentrations in than those from the Atlantic. Both shark 

species examined are reported to exhibit similar prey 

selection patterns (9-11, 15-17). The most common prey 

were small pelagic shoaling fish. The lack of difference in 

liver total lipid between the two shark species within each 

ocean argues for similarity of diet within each locality, 

however the fatty acid differences suggest some 

differences in fatty acid provision.  It is possible that the 

Indian Ocean sharks had been feeding to a greater extent 

on prey that had migrated from deeper and/or colder 

waters, as the continental shelf off South Africa's east 

coast is much narrower than that of the east coast of the 

USA, and that this had led to their higher levels of liver 

total lipids and polyunsaturated fatty acids.

Results
The livers from Indian Ocean sharks showed greater 

amounts of total lipids, while the individual fatty acids 

showed reduced amounts of saturates and slightly increased 

n3 polyunsaturates (Tables 1-3). 



A comparison of the heart and muscle total lipid and fatty acid profiles of nine large 

shark species from the east coast of South Africa. Bruce Davidson1, Jonathan Sidell1, Jeffrey 
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Introduction. The east coast waters of South Africa are home to various species of shark, many of which are a bycatch in commercial 

fishing. They are dumped, wasting material of value for human nutrition. In this study we report the results of analysis of the fatty acids 

found in the total lipid fractions from the hearts and different muscle tissues of nine large shark species found in this coastal region (1) 

as an attempt to assess their potential lipid-related nutritional value. The species were Carcharhinus limbatus (blacktip), Carcharhinus

obscurus (dusky), Carcharhinus brevipinna (spinner), Carcharhinus leucas (Zambezi/bull), Galeocerdo cuvier (tiger), Sphyrna lewini

(scalloped hammerhead), Sphyrna zygaena (smooth hammerhead), Carcharodon carcharias (great white) and Carcharias taurus

(raggedtooth/grey nurse/sand tiger).

Methods. Lipid and fatty acid extraction and quantitation were carried out using standard solvent, TLS and GC techniques (2-3).  

Results. The results for all species are shown in Table 1. Total lipid was significantly greater in heart samples compared to muscle 

samples in blacktip, scalloped hammerhead and Zambezi. Great white, smooth hammerhead, spinner and tiger showed greater, but not 

significant, levels of total lipid. In dusky the heart and muscle samples showed equal total lipid levels, while in raggedtooth the levels in 

muscle were marginally greater. Within the fatty acids, 20:5n3 was significantly greater in heart samples from blacktip, dusky, smooth 

hammerhead and spinner compared to muscle samples. 22:6n3 was only significantly greater in heart samples compared to muscle 

samples in dusky and spinner. Total polyunsaturates and total n3 polyunsaturates were significantly greater in heart compared to 

muscle in dusky and spinner. 

Discussion. The much greater levels of n3 polyunsaturates in both heart and muscle of all species reflectis the preponderance of 

these fatty acids in the marine  foodweb (4). The lack of interspecies variability in profiles in both heart and muscle shows the need for 

an optimal profile for tissue function. The differences between heart and muscle reflect structural, functional and metabolic differences 

between cardiac muscle and skeletal muscle (5). In humans, a low ratio of saturated fatty acids to polyunsaturated fatty acids (=<2:1) is 

considered beneficial (8), while long chain n3 moieties are present within the terrestrial food chain at much lower levels than the n6 (8). 

Shark muscle can provide a significant amount of polyunsaturated fatty acids and minimal saturated fatty acids. It would seem

marine muscle may generally be a more healthy alternative to terrestrial commercially raised species, with the potential health benefits 

of high quality protein and both n6 and n3 polyunsaturates, compared to the highly saturated profiles of terrestrial commercial meats 

(9). 
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Species  Tissue     Stats  Lipid     TS       TM      Tn6P   Tn3P     TP

Blacktip Heart        Mean  30.1  33.25  26.46  11.88   26.13  38.01

SD    6.2    3.62    4.92    3.43     3.26    4.09

Muscle    Mean    5.9  32.01  25.84  15.67   24.27  39.94

SD    2.5    5.64    7.51    3.79     4.30    5.33

tH/M    0.01  0.58    0.83    0.06     0.47    0.53

Dusky      Heart       Mean    9.5  32.14  34.67  10.02   19.10  29.12

SD     2.5    2.94    4.59    3.32     5.23    5.78

Muscle    Mean    9.5  29.88  39.79    8.95   11.74  20.69

SD     4.7    4.42    4.29    2.59     2.34    3.91

tH/M    0.98  0.33    0.26    0.22     0.04    0.04

Spinner   Heart      Mean  15.2  32.11  23.18  11.18    28.77  39.95

SD     8.5   1.99    1.49    2.46      3.28    2.27

Muscle    Mean    6.6  29.35  35.27   8.29    14.23  22.52

SD     7.1    2.83    9.77   2.74      4.29    5.80

tH/M    0.49  0.21    0.11   0.11      0.01    0.01

Zambezi   Heart     Mean   32.6  37.06  27.95  15.08   26.08  40.98

SD     9.9     4.90    7.67   8.95     3.99    5.76

Muscle   Mean    5.4   30.92  29.05  14.41  27.20  34.57

SD     1.7     1.94    4.99   5.09     4.99    7.29

tH/M     0.04   0.08    0.81   0.45    0.68   0.70

Tiger          Heart     Mean    6.5   34.56  32.20 14.25   28.44  38.01

SD     4.6     3.97    7.98    3.71   13.85    4.27

Muscle   Mean    3.2   29.60  30.42 10.97   22.34  33.31

SD     2.4     3.36    5.29    2.96   11.56  12.53

tH/M     0.15   0.07    0.55    0.87    0.30   0.19

Sc'H'head Heart     Mean  19.0   33.69  25.27    9.57   37.03  47.56

SD      7.8    6.80    6.54    2.20     5.50    3.71

Muscle   Mean    6.9  30.56  22.41 11.60   33.45  44.35

SD      4.6    5.47    6.49    3.83     9.48    8.60

tH/M      0.02  0.12   0.54     0.12     0.18    0.09

Sm'H'head Heart     Mean  14.8   32.91  16.34  10.53    28.77  39.95

SD       2.7   3.87    4.15    3.08     3.28    2.27

Muscle   Mean     9.2 31.00  22.08  10.90   24.23  35.13

SD       7.3   2.99    7.37     2.87     4.29    5.80

tH/M      0.27 0.23    0.14    0.97     0.01    0.01

G'White Heart    Mean     8.9 34.25  28.34  10.99   13.89  28.14

SD       3.1   4.22     3.33    2.74     3.84    6.85

Muscle   Mean     6.1 34.82  25.26   12.29   15.54  29.50

SD       3.3   7.00     6.55     4.48     4.04    6.82

tH/M     0.42  0.80     0.13     0.53     0.37    0.63

Raggedt’th Heart    Mean   12.0  30.90  26.03    14.90   15.73  30.81

SD       3.9   5.99    6.66      3.21     5.30  11.17

Muscle   Mean   12.7  30.81  25.30   12.37   16.60  36.01

SD       2.2   4.64    7.94      5.09     4.22    5.73

tH/M      0.78 0.96    0.73     0.13     0.64   0.41
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The Quantitation of Mercury Concentrations in Two Species of 

Bonairean Predatory Fish.
BC Davidson, S Philpott, U Onyeokoro,  R Alikhan,  A Sharma, J Peer. Saint James School  of Medicine.

Introduction
Mercury is found in small amounts in the Earth’s crust, most 

commonly in combination with other elements.  Volcanic 

emission is a natural source of mercury, and in areas where 

volcanic eruptions are common, there is a higher incidence 

of mercury. Environmental mercury also results from human 

activities. Coal-powered factories are by far the largest 

contributor of atmospheric mercury deposits, followed by 

gold mining.  The hydrogeochemical release of mercury 

from gold-mines in the United States is the biggest source of 

mercury into the waters surrounding the country.  Other 

sources include metal smelting, waste disposal and cement 

production.  

Burning coal releases mercury into the atmosphere and it 

then is carried back to the surface by rain.  In aquatic 

sediments it is converted by sulphate producing bacteria into 

methyl- mercury, which is the most lethal form. Methyl-

mercury is readily absorbed by dinoflagellates, worms, and 

other aqueous invertebrates.  These are consumed by their 

natural predators, and the chemical concentrates as it 

passes through the food web, reaching high concentrations 

in the top predators (Marine, 2010).  

In the United States in 2007, 40% of human exposure to 

methyl-mercury came from one genus of top predators, 

tuna. It has been predicted that within the next 20 years that 

may rise to as much as 50% as known sources experience 

lax regulations on emissions and other sources of 

contamination continue to increase (Cone, 2009). Within the 

last twenty years there has been a 30% increase of mercury 

levels in the Pacific Ocean.  According to the CDC, chronic 

exposure to mercury can cause severe disability and 

disease affecting the central and peripheral nervous system.  

Manifestations in children and adults may differ, with more 

serious consequences presenting in children.  

In 2004, the FDA and EPA issued a joint advisory aimed at 

protecting pregnant women, women considering becoming 

pregnant, nursing mothers, and young children (CDC, 2010). 

The advisory recommended that these populations avoid 

four types of large predatory fish:  swordfish, shark, tilefish 

and king mackerel. Mahi mahi (dolphinfish) and wahoo are 

not found in most areas of US coastal waters, but are 

common top predators in the tropical waters of the 

Caribbean, as are several species of tuna and barracuda. 

According to the EPA, chronic amounts of mercury greater than 1 ppm

may cause serious health consequences, and excessive amounts of 

mercury have been linked to several central nervous system 

disorders, hearing and vision loss, and autism (CDC, 2010). Mercury 

has a multisystemic toxic effect, divided into long term and short term 

effects, and dependent on the amount of mercury exposure or 

ingestion. A study in 2008 showed that the Cuyuni river basin in 

Venezuela had levels of mercury three times higher than the WHO 

recommended value (Garcia-Sanchez, 2008), as result of illegal gold 

mining which had tainted the water with high levels of mercury. 

Because of Bonaire's location, adjacent to Venezuela, it is possible 

that indigenous fish populations may have been contaminated by the 

mercury run off from the gold mines. 

Materials and Methods
Samples were obtained from a local restaurant, immediately post 

cleaning of the fish. Samples were taken from the muscle remaining 

between the bones of the spinal column of the fish, were heated in 

sealed containers using microwave energy for three minutes each.  

Subsequently the fluid exuding from the samples was stored frozen 

prior to analysis. Samples were analysed using semi-quantitative 

techniques, according to methods approved by the FDA, and using 

kits supplied by Osumex Natural Alternatives (Toronto, Canada).  

Results
The mean measure of mercury found in the Wahoo samples 

of fish was 0.045 ppm.  The mean measure of mercury found 

in the Mahi Mahi samples was 0.026 ppm.  Overall, the 

average amount of mercury in the total sample population 

was 0.038 ppm.  This explicitly demonstrates that both 

species of Bonaire fish should be considered acceptable for 

consumption, falling below the recommended mercury level 

of 1 ppm. 

Discussion
According to the World Resource Institute, in 2000, the per 

capita food supply from fish and fishery products was 21 

kg/person in the Netherland Antilles.  This compared to 8 

kg/person for the rest of the Caribbean and the 16 kg/person 

for the rest of the world.  In 2007, 49% of the Bonairean

population was female, 25% between the ages of 0-17, 40% 

within child-bearing age, 25% between the ages of 31-45 and 

15% of the population was between ages of 18-30. Therefore 

a total of 65% of the population of Bonaire would be 

classified in the group with high risk potential for mercury 

toxicity (Department of Economic Affairs, 2007).
A study similar to this has been done by Oceana, a Marine conservationist group in the 

United States, and they demonstrated an average mercury concentration of 0.82 ppm for 

Wahoo and 0.14 ppm for Mahi Mahi (Oceana, 2009). In their study, they also tested 94 

samples of tuna and other types of sushi from grocery stores and other restaurants.  High 

levels of mercury were found in over half of the samples they collected.  In our study, 

potentially toxic mercury levels were not demonstrated, indicating that Bonairean fish may 

well be comparatively safe for human consumption. However, sampling only two species 

may not give a holistic view, and other species need to be investigated (eg. tuna, barracuda). 

Also, the exposure of the fish may vary with time of year, so further work needs to be done in 

different seasons. Finally, independent corroboration of the results by another laboratory 
should be done to validate the results obtained.
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Introduction

Burning coal releases mercury into the atmosphere and it 

then is carried back to the surface by rain.  Gold mining 

increases mercury contamination of rivers and the oceans. 

In aquatic sediments it is converted by sulphate-producing 

bacteria into methyl-mercury, which is the most lethal form. 

Methyl-mercury is readily absorbed by dinoflagellates, 

worms, and other aqueous invertebrates.  These are 

consumed by their natural predators, and the chemical 

concentrates as it passes through the food web, reaching 

high concentrations in the top predators (Marine, 2010).  

In the United States in 2007, 40% of human exposure to 

methyl-mercury came from one genus of top predator, tuna. 

It has been predicted that within the next 20 years that may 

rise to as much as 50% as known sources experience lax 

regulations on emissions and other sources of 

contamination continue to increase (Cone, 2009). Within the 

last twenty years there has been a 30% increase of mercury 

levels in the Pacific Ocean.  According to the CDC, chronic 

exposure to mercury can cause severe disability and 

disease affecting the central and peripheral nervous system.  

Manifestations in children and adults may differ, with more 

serious consequences presenting in children.  

In 2004, the FDA and EPA issued a joint advisory aimed at 

protecting pregnant women, women considering becoming 

pregnant, nursing mothers, and young children (CDC, 2010). 

The advisory recommended that these populations avoid 

four types of large predatory fish:  swordfish, shark, tilefish 

and king mackerel. Mahi mahi (dolphinfish) and wahoo are 

not found in most areas of US coastal waters, but are 

common top predators in the tropical waters of the 

Caribbean, as are several species of tuna and barracuda. 

Chronic amounts of mercury greater than 1 ppm have serious health 

consequences, and excessive amounts of mercury have been linked 

to central nervous system disorders, hearing and vision loss, and 

autism (CDC, 2010). Mercury has a multisystemic toxic effect 

dependent on the amount and type of mercury exposure. A recent 

study showed that the Cuyuni river basin in Venezuela had levels of 

mercury three times higher than the WHO recommended value 

(Garcia-Sanchez, 2008), as result of illegal gold mining. Because of 

Bonaire's proximity to Venezuela, it is possible that indigenous fish 

populations may have been contaminated by the mercury run off from 

the gold mines. 

Materials and Methods
Samples were obtained from both a local restaurant and fishermen, 

immediately post cleaning of the fish. Samples were taken from the 

muscle remaining between the bones of the spinal column of the fish, 

were heated in sealed containers using microwave energy for three 

minutes each.  Subsequently the fluid exuding from the samples was 

stored frozen prior to analysis. Samples were analysed using semi-

quantitative techniques, according to methods approved by the FDA, 

and using kits supplied by Osumex Natural Alternatives (Toronto, 

Canada).  Some samples were also analysed by a private laboratory 

using atomic absorptiometry and confirmed the data reported here.

Results
The mean mercury found in the Wahoo samples was 0.029 

ppm. The mean mercury found in the Mahi Mahi samples 

was 0.035 ppm. The mean mercury found in the Tuna 

samples was 0.050 ppm. The mean mercury found in the 

Barracuda samples was 0.017 ppm. Overall, the average 

amount of mercury in the total sample population was 0.033 

ppm.  This explicitly demonstrates that all four species of 

Bonaire fish should be considered acceptable for 

consumption, falling well below the recommended maximum 

mercury level of 1 ppm. 

Discussion
According to the World Resource Institute, in 2000, the per 

capita food supply from fish and fishery products was 21 

kg/person in the Netherland Antilles.  This compared to 8 

kg/person for the rest of the Caribbean and the 16 kg/person 

for the rest of the world.  In 2007, 49% of the Bonairean

population was female, 25% between the ages of 0-17, 40% 

within child-bearing age, 25% between the ages of 31-45 and 

15% of the population was between ages of 18-30. Therefore 

a total of 65% of the population of Bonaire would be 

classified in the group with high risk potential for mercury 

toxicity (Department of Economic Affairs, 2007).A study similar to this has been done by Oceana, a Marine conservationist group in the 

United States, and they demonstrated an average mercury concentration of 0.82 ppm for 

Wahoo and 0.14 ppm for Mahi Mahi (Oceana, 2009). In their study, they also tested 94 

samples of tuna and other types of sushi from grocery stores and other restaurants.  High 

levels of mercury were found in over half of the samples they collected.  In our study, 

potentially toxic mercury levels were not demonstrated, indicating that Bonairean fish may 

well be comparatively safe for human consumption. However, sampling only two species 

may not give a holistic view, and other species need to be investigated (eg. tuna, barracuda). 

Also, the exposure of the fish may vary with time of year, so further work needs to be done in 

different seasons. Finally, independent corroboration of the results by another laboratory 
should be done to validate the results obtained.
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Mahi Mahi

Wahooo

Hg ppm Wahoo Mahi Mahi Tuna Barracuda

1 0.025 0.025 0.050 0.000

2 0.000 0.025 0.000 0.000

3 0.050 0.025 0.100 0.050

4 0.000 0.025 0.050 0.025

5 0.000 0.050 0.025

6 0.025 0.100 0.000

7 0.025 0.025

8 0.100 0.050

9 0.025 0.025

10 0.050 0.025

11 0.025 0.025

12 0.025

Barracudaa

Tuna



The Quantitation of Bacterial Contamination of Paper Currency
BC Davidson, D Goss, M Monaco, P Elackatt. Saint James School of Medicine.

Introduction
Paper money is one of the items most exchanged 

between people, largely via the drawers of tills in 

shops. Inevitably there is transfer of skin surface 

bacteria onto the money and the reverse, thus in 

any locale most people will be exposed to most of 

these bacteria over time, and are likely to develop 

immunity to those bacteria. However, the bacteria 

present in geographically and/or climatically 

divergent locales are likely to be different, thus 

the money will carry different microflora

populations adapted to the local conditions. 

The advent of rapid and frequent travel between 

such places exposes the traveller to the local 

microflora population, which may be different to 

those of their place of origin. This may help to 

explain the oft reported incidence of 

gastrointestinal distress amongst travellers but 

not the local population.

This study was aimed at assessing the degree and 

nature of the bacterial contamination of paper 

money from divergent locales in the Caribbean 

and North America. 

Materials and Methods
Samples of low denomination, high turnover 

notes were obtained from 9 different locales. The 

samples were individually sealed into sterile bags 

on collection, then swabbed to sample the 

bacteria. The swabs were cultured and 

characterised by the local pathology laboratory 

on Bonaire, BonLab.

Results and Discussion
The bacterial load comprised organisms commonly associated with human skin, and no 

other bacteria were found. However, this does not mean they were absent, they may have 

merely not multiplied under the culture conditions used.

The bacteria detected in the highest numbers did not vary in presence much between 

locales, but did vary in amount of colonies. In comparison, the minor components were more 

highly variable. For example, Pseudomonas, Klebsiella and Haemophillus were only detected 

in Ontario and Miami, while Lactobacillus was not detected in any of the colder locales. This 

suggests that it may be the minor components that play a role in the gastrointestinal 

distress, rather than the more generally distributed major components. 

It will be interesting to repeat this work in the future to see whether the same pattern remains 

in place subsequent to the demise of the Netherlands Antilles guilder and its replacement 

with the US dollar.

Site 1 2 3 4 5 6 7 8 9

Cultimara + ++ + - + - - - +

+ ++ ++ + - - - - ++

+ ++ + - - - - - +

SuperStore + ++ + - - - - - ++

- + + - - - - - ++

+ ++ + - - - - - +

Walmart1 -U.S + ++ ++ - - - - - +

+ ++ + - + - - - +

- + + + - - - - ++

Walmart2- U.S + ++ + - - - - - +

+ ++ + - - - - - ++

+ ++ + - - - - - ++

Centrum - + + + - - - - +

+ + + + - - - - +

+ + + - + - - - ++

La Curacao + + ++ - - - - - +

- ++ + + - - - - ++

- + + - - - - - +

Walmart1(Can) ++ + + ++ - - - + ++

++ - ++ + - + - - ++

++ + + - - - - - ++

Walmart2(Can) + + + + - - - - +

++ + + - - - + - ++

++ + + + - + - + ++

Miami ++ + + ++ + + - - ++

++ ++ + + - - + - +

++ + - + - - ++

1 = Escherischia coli 2 = Enterococcus
3 = Staphylococcus 4 = Streptococcus
5 = Lactobacillus 6 = Pseudomonas
7 = Klebsiella 8 = Haemophillus
9 = Corynebacter
++ = >3 colonies + = 1-3 colonies - = 0 colonies
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The Quantitation of Heavy Metals in Ground Water
BC Davidson, SZS Bukhari, MM Chowdhury, M Hamid. Saint James School of Medicine.

Introduction
Waste disposal on Bonaire is a major problem. Waste water, solutes  

and water-borne solids are disposed of via water trenches without any 

form of treatment. Solid waste is disposed of, unsorted and 

uncontrolled, via a landfill. This landfill was not properly installed and 

does not have a barrier membrane between it and the subsoil, which 

means any leechate as  a result of rainfall is not retained within the 

landfill and may enter the groundwater system. At the same time the 

leechate also passes into the streams that run from the landfill and 

contaminate the surrounding areas, as well as the Lagoon and adjacent 

marine environment. The failure to control the disposal of the solid 

waste also predisposes to mutually reactive chemicals coming into 

contact with each other, thus the exact nature of the contamination 

cannot be deduced. Heavy metal-containing wastes are also disposed 

of this way, thus such metals (Hg, Pb, Ni, Zn, Mn, Cd, Cu) may be 

present in the leechate. To assess the degree of contamination, 

samples from the runoff were collected, as well as from wells adjacent 

to the landfill.

Materials and Methods
Samples were collected in October 2010 during a period of 

increased rainfall. Approximately 50ml of water was collected 

from each of 15 sites. 9 samples were taken from wells on 3 

separate properties close to the landfill (Lagoon Hills), while 6 

samples were collected from sites around the landfill itself. 

These samples were stored at -10C until analysed for heavy 

metal content using Osumex heavy metal screening kits 

(Osumex, Toronto, Canada). Distilled water was used as 

negative control. 

Results and Discussion
All of the samples collected from the wells were positive for the 

presence of lead, as were 3 of the landfill samples. 2 of the landfill 

samples were positive for mercury, while 1 showed traces of 

manganese and nickel.. 

The apparent contamination of the wells is a concern as some 

people in the locale use them as sources of water for all their 

general activities, including cooking and drinking. However, exact 

levels of contamination could no be ascertained with the 

screening kits, and more accurate specific kits will be used to 

further research.

Landfill

Lagoon Hills

Bonaire



Quantitation of Lead and Mercury Contamination of Invasive 

Lionfish (Pterois spp.) off Bonaire.
B Davidson, B Heiser, N Stewart, D Jaeger and S Jaffery.

Saint James School of Medicine, Bonaire.

Introduction.
The lionfish (Pterois volitans /Pterois miles) was first found in the Gulf of 
Mexico/Caribbean region in the 1980's. Whether it had arrived via inadvertent 
transportation, probably in bilge water transferred from the Pacific through the Panama 
Canal, or from released or escaped aquarium fish was not able to be ascertained. During 
the next decades the species spread further south and gradually invaded the coastal 
waters of large parts of the region.
The first lionfish was seen off the coast of Bonaire in the Dutch Caribbean in late October 
2009. Since then the population has escalated dramatically and catches of around 100 per 
session during controlled removal exercises are common. It was not known whether the 
population increase was a reflection of recruitment from elsewhere, local breeding, or a 
combination of both. 
Given the availability of lionfish caught on control, it was decided to screen for heavy 
metal contamination, and to check specifically for the concentrations of mercury and lead. 
Four locally resident top predator species, wahoo (Acanthocybium solandri), mahi mahi
(Coryphaena hippurus), black fin tuna (Thunnus atlanticus) and guachanche barracuda 
(Sphyraena guachancho) had previously been analysed and shown to exhibit only low 
levels of mercury. Even the tuna, which showed the greatest levels, were still at least ten 
times lower than the FDA advisory maximum for mercury (0.5μg/g).

Materials and Methods.
The fish were all caught off the west coast of Bonaire during September 2011. Samples, 
taken from the flank muscle from 10 individual fish, were weighed and then heated in 
sealed containers using microwave energy for three minutes each, as per the instructions 
of the test kit manufacturers (Osumex).  Subsequently, the fluid exuding from the samples 
was collected, the volume measured and the fluid then stored frozen prior to analysis. The 
fluid samples were analysed using semi-quantitative techniques, according to methods 
approved by the FDA, and using kits supplied by Osumex Natural Alternatives (Toronto, 
Canada).  Initially, the samples were screened for a suite of possible contaminants. Only 
mercury and lead were detected and not definitively in all samples. The samples were 
then re-analysed using semi-quantitative kits, specific for mercury or lead. The mercury 
kits were all from the same batch of kits as used for the previous analyses of the local 
predatory species and those data had been corroborated by a private laboratory in South 
Africa (personal contact) using standard atomic absorptiometry techniques. 

Results.
The lionfish analysed were of various sizes, as reflected by the different body 
lengths, which were measured from the tip of the snout to the caudal notch at 
the base of the tail fin. The screening tests showed positive for lead in only four 
samples, while they were positive for mercury in eight, with two clearly positive. 
Specific mercury and lead testing yielded the results shown in Table 1. Three 
samples showed 0.020 μg/g and one showed 0.050 μg/g of lead. Six samples 
showed 0.025 μg/g and two 0.050 μg/g of mercury. The mean lead level was 
0.011 μg/g  and the mean mercury level 0.025 μg/g.

Discussion.
Similar to the earlier results with the mercury testing of wahoo, mahi mahi, tuna 
and barracuda, the mercury levels in lionfish muscle were low compared to the 
FDA advisory maximum. Reports from more northerly sites within the region 
have indicated higher levels of mercury. Mercury is an accumulative toxin and 
once into an organism is predominantly not excreted, thus the higher the 
environmental mercury levels the higher the mercury levels would be expected 
to be in an organism in, or coming from, that environment. It is thus reasonable 
to assume that the increasing population of lionfish found around Bonaire has 
not migrated from regions of greater mercury levels (Gulf of Mexico, Florida, 
Bahamas), but because the mercury levels are comparable to local fish species 
has resulted from in situ breeding. There were no comparable data for lead as 
this had not previously been tested for, however the levels were also very low 
and more than half of the samples were negative.

Lionfish Heavy Metals Screening and Testing

Fish No. Length (mm) Wet mass (g) Fluid (ml) Screen Hg (μg/g) Pb (μg/g)

1 260 41.0 33.1 Hg~/Pb~ 0.025 0.020

2 300 52.4 39.8 Hg~/Pb- 0.025 0.000

3 340 50.4 40.3 Hg+/Pb- 0.050 0.000

4 220 27.2 20.6 Hg~/Pb~ 0.025 0.020

5 240 38.2 31.1 Hg-/Pb- 0.000 0.000

6 220 25.3 20.4 Hg~/Pb- 0.025 0.000

7 200 21.5 17.1 Hg~/Pb~ 0.025 0.000

8 170 14.7 10.8 Hg-/Pb~ 0.000 0.050

9 180 21.5 19.3 Hg~/Pb- 0.025 0.020

10 200 24.8 19.8 Hg+/Pb- 0.050 0.000

Mean 233 31.7 25.2 0.025 0.011


