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Abstract  The presence of copper (Cu), iron (Fe), zinc (Zn), lead (Pb), cadmium (Cd), cobalt (Co), chromium (Cr) 
and mercury (Hg) has been studied in ten sea cucumber (Holothurians) species in the Northwestern sea of Kalpitiya 
and Dutch Bay area (Sri Lanka) during October- November 2008 and 2009. The concentration of in holothurians 
body wall have been found to range from 1.84-9.18 mg/kg (Cu), 5.03-56.68 mg/kg (Fe), 3.68-24.38 mg/kg (Zn), 
<0.04-4.70 mg/kg (Cr), 0.04-2.29 mg/kg (Pb), 41.62-128.93 μg/kg (Cd), 0.07-0.25mg/kg (Co) and 24.63-445.69 
μg/kg (Hg) in dry weight basis. The results show that, according to European legislation, the body wall of 
holothurians is generally “safe”, although the high levels of iron in all holothurians are noticeable. 
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1. Introduction 
Sea cucumbers are called Holothurians and locally 

known as “MuhuduKekiri” in Sinhalese and “Atta” in 
Tamil. These are very curious animals, having the form of 
an elongated and worm-like cylinder, sometimes straight, 
sometimes curved. Their size varies from one to forty 
inches, the larger size being the most common (Tandon 
and Henry, 1882). 

Sea cucumbers, also known as sea slugs, are a highly 
appreciated delicacy in most Asian countries and in 
countries where ethnic Chinese communities exist 
(Catharina et al., 1999). Holothurians are traditionally 
consumed raw, dried, and boiled as food for human 
consumption (Nil et al., 2004). They are used for soups 
and salads and served as a traditional food at special 
occasions like New Year celebrations, because consumers 
believe in high medicinal value of them. Major producing 
countries of sea cucumbers include Japan, Korea, Sri 
Lanka, Indonesia, India, Malaysia and the Philippines 
(Catharina et al., 1999). Sri Lanka produces a small 
volume of higher value production and it creates a high 
market demand for Sri Lankan products. In 2010, Sri 
Lanka has exported 178 MT of sea cucumber and earned 
649 million rupees (MOFAR, 2011). That value was 1% 
of the total fish export quantity and 3.3% of total fish 
export value. There are nearly 200 known species of sea 
cucumber in the ocean around Sri Lanka. About 75 
species have been shown to be present in shallow waters 
while nearly 50 species can be collected from the 

intertidal region (Clark and Rowe, 1971, Dissanayake, et 
al., 2007, 2010). 

Trace elements pass into the environment and enter the 
marine ecosystem because of weathering and erosion. In 
recent years, human activities have emitted various trace 
elements into ambient environments from agricultural run-
off, industrial processes and accidental spills (Pugh and 
Becker, 2001, Maria et al, 2011, Pacyna, et al., 2001). 
Many marine animals can accumulate heavy metals such 
as zinc, mercury, copper, cadmium and lead in their body. 
Three commercially important groups of marine animals 
(mollusks, crustaceans and teleosts) have been frequently 
studied for bioaccumulation of heavy metals (Xing & Chia, 
1997). In molluscs, it has been found that heavy metal 
accumulation positively correlates with the metal 
concentration in the diet and ambient water (Julshamn & 
Grahl-Nielsen, 1996). 

Marine sediment plays a major role as the reservoir of 
heavy metals because most of the trace metals can be 
trapped by the sediment particles (Luoma, 1990, 
Woodwell, et al., 1971). Sediment particles passing 
through the guts of deposit feeders are subject to an 
environment unusually rich in dissolved organic material, 
especially proteinaceous materials, capable of binding 
metals (Chen et al, 2000). 

There are several studies on the bioaccumulation of 
trace elements in marine ecosystems (Adachi et al, 2012). 
Nevertheless the general bioaccumulation pattern of heavy 
metals in marine organisms has not been established. 
Therefore, it is necessary to accumulate data from various 
marine ecosystems. Even though sea cucumbers of Sri 
Lanka have a high demand in the export market, there is 
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no adequate information about metal concentration of 
them. Metals such as chromium (Cr), iron (Fe), cobalt 
(Co), copper (Cu) and zinc (Zn) are currently known or 
thought to be required for normal biological functions in 
humans (Bertini, et al., 1998). But adverse health effects 
and toxicity may arise from excessive quantities of these 
metals. Heavy metals such as mercury (Hg), cadmium (Cd) 
and lead (Pb) are non-essential metals as they are toxic 
even in traces (Turkmen et al., 2007). Due to pollution in 
the marine environment, bioaccumulation of metals in 
marine organisms has increased. 

This study was designed to determine the metal 
concentration of sea cucumber species in Sri Lanka and to 
identify whether the accumulation of metal varies 
according to the species of sea cucumber. 

2. Materials and Methods 

2.1. Sampling 

Sea cucumber samples were collected from Kalpitiya 
and Dutch Bay sea area in Sri Lanka during October- 
November 2008 and October- November 2009 (Figure 1). 
One hundred and forty four (144) samples of 
Holothuriaedulis (Pinkfish, n=48), H. atra (Lollyfish, 
n=18), Thelenotaanax (Amberfish, n=10), H. scabra 
(Sandfish, n=8), H. spinifera (Brown sandfish, n=14), 
Bohadschia sp. (unidentified, n=12), Bohadschiasimilis 
(Brown spotted sandfish, n=8), B. marmorata (Chalkyfish, 
n=14), Actinopygamiliaris (Blackfish, n=6) and 
Stichopuschloronotus (Greenfish, n=6) were collected by 
random diving and they were eviscerated immediately 
after harvesting. Evisceration was done by cutting the 
anus and pressing the body wall firmly to remove viscera. 
Then they were stored in ice and delivered to the 
Analytical Chemistry Laboratory at the National Aquatic 
Resources Research and Development Agency (NARA) 
covered with ice in insulated boxes. The samples were 
packed in polyethylene bags and stored in freezer until 
used for further analysis. 

 

Figure 1. Map of sampling area 

2.2. Sample Preparation 
The body wall of sea cucumber was cut along the 

length to remove all the internal organs before analysis 
and only the body wall was used for analysis after 
cleaning. Sea cucumber tissues were dried at 105°C until a 
constant dry weight was obtained to determine the 
moisture content (AOAC official method 950.46).Then, 
they were packed in labelled polyethylene bags and kept 
in the refrigerator until used for metal analysis. The ash 
content of the samples was analysed by AOAC official 
method 920.153. Each dried sample was digested using 
amicrowave-assisted digester oven (Mars CEM XP-1500+, 
Mathhews, USA) using 10 mL of conc. HNO3 (Sigma-
Aldrich, St. Louis, MO, USA). Two blank samples and 
two matrices-spiked samples (Pb, Zn, Fe, Co and Cr) were 
digested for each batch. Standard quality control materials 
T/0774 from FAPAS (Food Analysis Performance 
Assessment Scheme, The Food and Environment 

Research Agency, Sand Hutton, York, UK) was used for 
the quality control of the study (Hg, Cd and Cu). 

2.3. Equipment 
Digested samples were used for metal analysis using a 

Varian AA240FS atomic absorption spectrophotometer 
(Varian Australia, Pty Ltd, Mulgrave, Victoria). Metals 
such as Cu, Feand Zn were analysed by the flame unit of 
AAS. Metals like Pb, Cd, Co and Cr were analysed by 
graphite tube atomizer (Varian GTA 120) and Hg was 
analysed by vapour generation accessory (Varian VGA 
77). 

Calibration curves were prepared with five points, 
including zero. Optimum wavelength was used to 
determine the concentration of a particular metal and the 
calibration curve was optimized for the concentration of 
samples to be within the range of 0.2-0.8 in a linear graph. 
In every curve r2 value was maintained at 0.999. 
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2.4. Data Analysis 
The results were statistically analysed by Microsoft 

Excel 2003 and MINITAB 14. A one- way Analysis of 
Variance (ANOVA) was performed, followed by Tukey’s 
test for comparisons of significant differences. 

3. Results and Discussion 
Quality assurance procedures included the use of 

analytical grade reagents, method blanks and matrix 
spikes. The suitability of the analytical method was 

evaluated in terms of their respective limits of detection 
(LOD=mean blank+3S), precision and recoveries using 
spiked samples. The recoveries were maintained between 
80-120% and the relative standard deviation (RSD) values 
were less than 15%. Data on standard quality control 
materials are and spiked samples are shown in Table 1. 
The results obtained from spiked sea cucumber samples 
and quality control material results indicated that the 
methods used were suitable for the determination of metal 
concentrations in the samples investigated. The expanded 
uncertainty was calculated value of all metals below 20 %. 
(U =Sx̄ x k; here Sx̄ is the standard deviation of the 
predicted concentration and k is the coverage factor). 

Table 1. Determined values, certified values, recovery % of quality control samples (T0774) and spiked recovery values (n=10) 
 Hg (μg/kg) Cu (μg/kg) Cd (μg/kg) Pb(μg/kg) Fe (mg/kg) Zn (mg/kg) Cr (μg/kg) Co (μg/kg) 

Certified value 19.9 726 2.59 _ _ _ _ _ 

Determined value 20.0 743 2.61 _ _ _ _ _ 

% Recovery 100.48 102 100.73 89.5 96.78 103.64 92.53 83.65 

The results obtained from the analysis were tabulated in 
Table 2. The moisture content of analyzed species was 
within the range of 76.91 - 91.27%. H.spinifera had the 
lowest mean moisture content of 76.91% (P<0.05) and S. 
chloronotus had the highest mean moisture content of 
91.27% (P<0.05). The ash content of the analyzed species 

was within the range of 2.61-12.04%. The H. atra had the 
lowest meanash content of 2.61%. Among the analysed 
species, H. spinifera had the highest mean ash content of 
12.04%. Same results for dry matter were observed for H. 
tubulosa and H. polii (Sicuro, et al., 2012). 

Table 2. Mean concentration of metals in analyzed sea cucumber species in dry weight basis (±SD) 
Species 
 

Metal 
H. edulis H. atra T. anax B.marmorata S. chloronotus 

Cu (mg/Kg) 1.84 (±3.71) 3.18 (±1.02) 2.92 (±0.82) 2.81 (±1.02) 7.25 (±8.49) 

Fe (mg/Kg) 39.82 
(±23.17) 

11.72 
(±12.11) 

53.82 
(±30.98) 

23.06 
(±8.23) 

39.51 
(±8.84) 

Zn (mg/Kg) 20.95 
(±6.75) 

24.38 
(±3.96) 

22.81 
(±7.51) 

16.06 
(±12.06) 

16.20 
(±2.71) 

Pb (µg/Kg ) 33.70 
(±112.20) 

97.52 
(±75.14) 

297.57 
(±479.55) 

227.02 
(±193.89) 

683.36 
(±253.27) 

Cd (µg/Kg ) 114.47 
(±76.01) 

72.52 
(±8.88) 

84.51 
(±22.41) 

137.00 
(±29.32) 

86.11 
(±25.37) 

Co (µg/Kg ) 0.13 
(±0.10) 

0.09 
(±0.06) 

0.19 
(±0.03) 

0.07 
(±0.03) 

0.25 
(±0.02) 

Cr (µg/Kg ) 3.00 
(±1.85) <0.04 0.20 

(±0.16) 
0.46 

(±0.12) 
0.99 

(±0.18) 

Hg (µg/Kg) 24.63 
(±16.76) 

31.32 
(±12.82) 

28.67 
(±5.99) 

116.22 
(±129.74) 

243.28 
(±59.32) 

Species 
 

Metal 
H. scabra Bohadschia sp. H. spinifera A. miliaris B. similis 

Cu (mg/Kg) 3.45 (±1.00) 4.30 (±3.66) 4.42 (±3.12) 9.18 (±2.14) 5.70 (±0.67) 

Fe (mg/Kg) 5.03 
(±5.35) 

55.46 
(±59.51) 

20.09 
(±12.79) 

43.58 
(±12.15) 

56.68 
(±17.77) 

Zn (mg/Kg) 3.68 
(±0.45) 

12.68 
(±5.18) 

8.77 
(±3.07) 

12.11 
(±2.90) 

16.22 
(±6.26) 

Pb (µg/Kg ) 34.71 
(±47.74) 

491.64 
(±437.10) 

204.56 
(±480.47) 

2287.05 
(±917.15) 

450.53 
(±291.31) 

Cd (µg/Kg ) 41.62 
(±6.95) 

128.93 
(±44.86) 

48.23 
(±12.42) 

52.66 
(±13.61) 

54.97 
(±30.79) 

Co (µg/Kg ) 0.12 
(±0.03) 

0.16 
(±0.09) 

0.08 
(±0.06) 

0.08 
(±0.03) 

0.09 
(±0.02) 

Cr (µg/Kg ) 0.59 
(±0.22) 

1.17 
(±0.66) 

1.31 
(±0.42) 

3.85 
(±2.06) 

4.70 
(±2.71) 

Hg (µg/Kg) 445.69 
(±196.32) 

166.33 
(±52.51) 

133.70 
(±96.33) 

72.84 
(±12.08) 

127.03 
(±41.46) 

Mean values of Cu ranged from 1.84 mg/kg to 9.18 
mg/kg. Of the ten species studied, H. edulis had the lowest 
mean concentration and S. chloronotus had the highest 
mean concentration of copper. The mean values of Fe 
ranged between 5.03 and 56.68 mg/kg dry weight. The 

lowest value of Fe was founded in H.Scabra (5.03 mg/kg) 
and B. similis had the highest value of Fe(56.68 
mg/kg).Mean concentrations of Zn were in the range of 
3.68 (H. scabra) - 24.38 (H. Atra) mg/kg dry weight. The 
Pb level was highest in S. chloronotus (683.36 µg/kg) and 
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lowest by H. edulis (33.70 µg/kg).Mean concentrations of 
Cd were within the range of 41.62 (H. scabra) - 137.00 
µg/kg (B. marmorata) in dry weight. Ray and Kiceniuk 
(1994) reported that the bioaccumulation trend of Cd 
among aquatic organisms was in the order of mollusks 
(103-104), crustaceans (103) and fish (102).The mean 
values of Co were between the ranges of 0.07-0.25mg/kg 
in B. marmorata and S. chloronotus respectively. All the 
mean values of Cr were below the detection limit (0.04 
mg/kg) of H. atra and highest in 4.70 mg/kg in B. similis. 
Of the ten species of sea cucumber analysed for their total 
Hg content, the amount of Hg in the samples was highest 
in the H. scabra (445. 69 µg/kg), followed by S. 
chloronotus (243.28 µg/kg). The lowest value of total Hg 
concentration of 24.63 µg/kg recorded in the H. edulis. 
Mercury has been known to accumulate in the tissues of 
marine organisms, which are predatory in nature. In the 
marine environment, methyl Hg enters the food chain first 
via filter-feeding organisms and gradually gets 
concentrated higher up the food chain (Reilly, 1991). 
Mercury is deposited naturally in the marine sediment and 
sea cucumbers that spend their lives buried in sediments 
could have absorbed Hg by direct assimilation from the 
surrounding medium. In this study, only the total Hg 
content was determined. 

Trace metals can contaminate sea cucumber through 
different sources: they can accumulate in sea cucumber 
through feed consumption or due to pollution of the seas 
or they can migrate from an object used in contact with 
food in the food. The body compartment, sampling 
location and sampling depth usually significantly affected 
metal concentrations in the different compartments of 
Holothurians(Michel et al, 2006), but in this study sample 
were analysed only by species separation, without 

considering the depth distribution. In a similar study, 
Michel et al (2006), reported that there are no important 
relationships between concentrations of a given metal in 
different compartments or between concentrations of 
different metals in a given compartment. Another thing is 
sea cucumber has long life, 4-8 years and they are 
deposited feeder; they can accumulate trace metals 
eventually sediments where they live consequently trace 
metals content have been investigated in another study 
(Michel et al., 2006, Sicuro, et al., 2012). Of the main 
three toxic metals Hg, Cd and Pb; Pb concentration was 
quite higher in studied sea cucumber species. Lead has a 
well-known affinity for calcic skeletons and has been 
shown to be predominantly concentrated in the body walls 
of several echinoderms (Beeby, 1991). However, 
laboratory experiments have shown that holothurians do 
quite efficiently concentrate metals and radio nuclides 
such as Am, Co, Pu and V (Michel et al, 2006). According 
to the literature, the sea cucumber gut generally 
concentrates the investigated metals, most probably, and 
the body wall contains the major part (75–87%) of the 
total element load of the organism. In addition, 
holothurians depurate these elements relatively slowly 
(half-lives ranging from 51 to 130 days according to the 
element), suggesting that they could act as integrators of 
metal and radionuclide contamination in the environment 
(Michel et al., 2006). 

The heavy metal (mg/kg, dry weight basis) content of 
the sea cucumber body wall has variously been reported in 
previous studies and these findings are given in Table 3. 
In the present study the concentration of toxic trace metals 
like Hg, Cd and Pb in sea cucumber species were low and 
the levels were below the limits of Sri Lankan export 
regulations (No. 1528/7, 2007). 

Table 3. Investigated trace metal levels in sea cucumber sp in previous studies. 
Species Hg Zn Pb Cd Fe Cr Cu Reference 

H. tunulosa  15.37 4.71 1.27 52.07 _ 1.48 Michel et al., 2006 

Asticopusmultifidisum  _ 0.146 0.416 _ 0.17 0.226 Medina et al., 2004 

Isostichopusbadionotos  _ 4.311 0.795 _ 0.326 1.01 Medina et al., 2004 

H. floridana  _ 2.047 2.731 _ 0.988 1.047 Medina et al., 2004 

B. mormorata 2.89 41.5 0.88 0.08  0.56 1.50 
Denton et al., 2009 

H. atra 1.83 13.8 1.79   0.37 1.27 

H. leucospilota  8.14 _ _ _ _ 2.11 Jun, X. (1998) 

H. tubulosa  17.40 1.16 0.07 24.5 0.86 2.50 Sicuro et al., 2012 

4. Conclusions 
Through the statistical analysis, it can be stated with 

95 % confidence, when a single metal is considered, all 
mean metal concentrations among ten species were 
significantly different (p < 0.05). It can be inferred that the 
mean concentration of a single metal between at least two 
sea cucumber species was different. Through statistical 
analysis same result was obtained for all analysed eight 
metals. In different species, accumulation of different 
metals was varied. Therefore, it could not be determined 
in a single species that had a high or a low accumulation 
of all the studied metals. From the studied species, 
Holothuriascabra showed a less amount of metal 

accumulation except mercury than other nine species. It 
showed the highest accumulation of mercury. The studied 
can conclude that species did not exceed the maximum 
allowable legal limit of trace metals and generally ‘safe’ 
to human consumption. 
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