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Abstract

This project is concentrating on the analysis of toxic ele-
ments content in seafoods including fishes, mussel, squid and
prawn. Samples were collected from various places throughout
Malay Peninsular. Samples were prepared according to RCA research
protocol - nuclear techniques for toxic element in foodstuffs.

Techniques used for elemental analysis were neutron activa-
tion analysis (instrumental and radiochemical) and anodic strip-
ping voltametry.

Introduction

Rapid growth of industrialization has contribute to some ex-
tent and gives a direct and indirect impacts to the deterioration
of our environment. It can lead to the contaminated air, land and
water thereby endangering livestock. As regard to the marine
environment, it is just a matter of time before the effect of
feeding on contaminated marine foodstuff is felt. Heavy metals
are one of the containments which can cause serious drawbacks in
restricted areas (Scholz and Shahunthala,1982). Previous work by
Lee and Law C1976), Babji et al(1979>, Sivalingam et al(1983),
and Babji et al(1983) stress in the need for more constants work
in these area.

As regard to the public health and safety, many countries in
the world today, have set their own Food Acts and Regulations to
ensure that all food items sell in the market are safe for public
consumption. The Malaysian Food Act and Regulation 1983 stated
that any food sells in the market must not contain exceed the
permissible limit set for specific elements.
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Samples Collection

For the past one and half years, the work have been con-
centrated more on analysing toxic elements content in fishes and
other sea foods. Samples were collected from various places in
the East and West Coast of Malaysia Peninsular. The main reason
for this because they are considered the major food item consumed
by the Malaysian (Health Depart. Survey,1985). Aparts from that,
these foods are subjected to enviromental contamination since the
industrial activities has increase for the past few years in some
respective areas.

Two types of fishes were collected, that is Scomberomorous
sp. and Rastrelliger sp.. Other types of seafoods collected were
squid,prawn and mussel. These species selected because from our
own exprience the most popular seafood among the Malaysian. The
abundant of the species could be another reason. Squid and prawn
was prove to have limited mobility, therefore the choice to check
local contamination. The amount of samples collected were 1 kg
(wet weight) for every sample except for mussel where normally 5
kg was collected. Table 1 shows the list of places for sampling.

Samples were brought to our laboratory in plastic bags
packed with ice. These samples were cleaned accordingly. Fish
•flesh was taken from the whole body and washed. Prawn and mussel
were taken out from their shells. Squid was removed its backbone,
skin off and washed. Each sample was put in a plastic bag and
kept in a freezer. The frozen samples were taken back and pack
into a container for freeze drying. Dried samples were then pow-
dered and homogenised later on using ordinary blender. These
homogenised samples are ready for analysis.

Samples Preparation

Samples of weight 200 - 500 mg were prepared into polythene
vial with diameter 70mm. The vial then was seal using soldering
iron. every batch of samples, were included with standard
reference material and prepared standard. These samples were then
packed into irradiation tube.

Instrumental Ifeutron Activation Analysis (IITAA).

The main technique applied for these work is instrumental
activation analysis (IHAA). Table 2 shows irradiation time, cool-
ing time and counting time set for experiments to detect various
elements of interest.
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Radiacheniical Neutron Activation (RNAA).

Radiochemical separation is done for element like As, Se and
Hg.

Mercury and Selenium

For Hg and Se, percipitatian technique was adopted. Samples
were irradiated for 10 hrs and let them decay for two days. Ir-
radiated samples were then transfered into modified Bethge ap-
paratus followed with 20 ug of Hg and 30 ug of Se carrier. 2 ml
concentrated H3SOA and 8 ml concentrated HNO3 were added into it.
The samples was digested by heating the mixtures at the boiling
temperature for two hours.

Tba solution was transferred into 150 ml beaker. 12 g lîa2CO3
was added slowly to neutralise the acid and pH was adjusted to 6
using 2 M NH<tQH. 10 ml of potassium thiocyanate solution and 5 ml
of zinc chloride solutions were added with stirring. Stir for a
further 5 minites to. allow the formation of the ZnHg<SCN)4
precipitate. Precipitate was filtered through a tarred Whatman
42 filter circle fitted to a 150 ml beaker and washed the
precipitate with thiocyanate solution and finally with ethanol.

Filterate was acidified with 30-ml of concentrated HC1. 300
mg of sodium sulphite was added to reduce selenium to its metal.
Se precipitate was filtered as above. Both precipitates were
dried under the infra red lamp before counting.

Arsenic

As also was separated in the form of precipitate as arsenic
sulfide. An irradiated samples was transfered into a distillation
flask and 20 mg As carrier into it. 15 ml HHU^ / H3SO* mixture
(1:1) was added and heated up until the sample was totally dis-
solved. After cooling, 10 ml H30, 10 ml HC1, 10 ml HBr, 2 ml SnCl=
(40%) in HC1 were added. Distill and the distillate was collected
at 120 "C in a receiver flask, kept in ice cooled water. Distil-
late was precipitated by introducing HZS into the solution. Ar-
senic sulfide was filtered and let it dry under infra red lamp
before counting.

Anodic Stripping Voltametrv (ASV)

ASV technique has been used to detect the amount of Pb and
Cd in the sample. Samples were digested using NalTO3 / KNG3 and
HNO3 method <Tey, 1987). 0.2 g of samples were weighted into a
platinum crucible and 3.0 ml of concentrated HNO3 was added, then
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heated on hot plate for 30 minutes. Then 5 ml solution <54.3 g
KlTOa, + 45.7 NaNO» / 250 ml) was added and continued heating until
dryness. Then the platinum crucible was transfered into a murfle
furnace and heated again at 400 •-1C for 2 hours. Then the samples
were left cooled at room temperature. 10 ml distill water and 10
drops HNO3 were added to the residue and pH of solution was ad-
justed to 4.5 using acetic acid. 8 ml of solution was pipetted
into ASV cup for Pb and Cd measurement.

Results and Discussions

Instrumental Neutron Activation Analysis (INAA)

Instrumental neutron activation analysis is chosen for it is
simple, easy to handle, it require less amount of sample, and
multielement can be determined simultaniously. One Is not worried
about chemical contamination since it does not subject to any
chemical reaction. Interferens are due to the matrix effects and
competative nuclear reactions in the same sample, but it can be
minimised by having a proper planning for irradiation and decay
schedule according to the half lives of interested radionuclides.
Se for example, can be determined by irradiating the sample for
30 seconds and 36 hours. For 30 seconds irradiation, one can ob-
served Se-77m half life of 17.5 seconds appear at gamma energy
peak 161.9 keV. From 36 hours irradiât ion,after 3 weeks cooling,
one can observe Se and Hg through their peaks at 264 and 279 keV
respectively. In this case, correction is needed for mercury
since Se has also a peak at 279 keV.

As, Sb, and Br are normally determined from samples ii—
radiated for 6 hours and decay for 3 days, through their peaks at
559, 564 and 776 keV respectively. Same samples if we allow to
decay for 3 weeks, we can observe Fe and Zn through peaks 1089
and 1115 keV. Period of 3 weeks is a good time to let all short
lives radioisotopes to decay away and cause less affect to the
determination of Fe and Zn.

Table 3 shows the results of analysis of standard reference
materials CSRM) namely Fish Flesh CMA-A-2) and Mussel from IAEA
and NEIS respectively. This results indicate the ability of this
technique. Three elements of primary interest As, Hg and Se were
detected. Their concentrations are in a good agreement with the
certified values of the materials.

Table 4 shows the results of analysis of samples collected.
Concentrations are measured in dry weight. The conversion factor
from dry weight to the wet weight is given in Table 5. This shows
that the arsenic content in all sample tend to go above 1 ug/g.
Prawn and squid have high concentration of arsenic as confirmed
to the rest of the species. Squid also is a good indicator for



10-5

heavy metal contamination since it is a localised species
(Shahunthala,1982).

Concentration •',•* selenium and mercury detected in fishes,
squid, prawn and mussel do not show any abnormality. Br and Zn
are preset in reasonably low concentration in fishes but slightly
higher in prawn, squid and mussel. Fe concenration is relatively
higher in Restrelliger sp. and as compared to the Scomberomorus
sp., prawn and squid.

LOD for element detected jã shown in Table 4a. Values are
calculated based on 4.56o-e> LOD of 36 hours irradiation is better
since less interference from other elements, like Br, Na and K.

Anodic Stripping Voltametrv <ASV).

Anodic Stripping Voltametry is a very good technique for Cd
and Pb determination. This technique is very sensitive to both
elements even at a very low concentration <ASV ). As a
precaution to avoid contamination, all chemical used in this ex-
periment is supra pure grade.

Table 6 shows the result of analysis of Standard Reference
Materials <SRM) using this technique. The concentration is given
in ug/g dry weight. Cd and. Pb determined are in good agreement
with the certified values af Fish Flesh (MA-A-2> and Bowen's
Kale.

The result of analysis of the samples collected from various
places is shown in Table 7. Mussel contain higher concentration
of Cd and Pb as compared to others. This is because it lives in
the river estuary where heavy contamination from the river will
reach there first. In Malaysia Peninsular activity to grow mussel
only take place in the west coasts, where heavily industrial
area.

Radiochemical Neutron Activation Analysis (RNAA)

Radiochemical separation was applied to determined specific
element with high accuracy. Table 8 shows the result of As using
this technique for Fish Flesh (MA-A-2) and Bowen's Kale. Four
samples from Kuala Kedah, Kuala Perils and Lumut were analysed
for thier As content by precipitation technique. The result of
this analysis is summerisedin. Table 9. Bold letter are results
from RHAA and below it are results from INAA. Result from RNAA
gives better standard deviation as compare to IITAA. It also in-
crease the limit of detection (LOD) to sub ppm level. In this
case, percent of recovery is 98 percent which can be considered
as a good separation.
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Hg and Se precipitation technique have not given a good
recovery. Hg precipitate has percent of recovery more than 100
percent while Se about 50 percent recovery. This recovery
problems cause difficulty in analysing the samples. Ve are look-
ing into a new separation technique to overcome this problems.

Conclusion.

In general, combination of the above mentioned technique
namely INAA, RNAA and ASV produced a good results in analysing
toxic elemental content in foodstuff. The results obtained from
this analysis shows slightly high content of As in samples col-
lected from area close to the industries. Squid and mussel shows
the ability to accumulate same element in their body.

This work has not been completed yet. We are still collect-
ing more samples from various types of like fresh water fish,
vegetables and fruits, dairy milk, cereals poultry, canned foods
and drinking water. Data obtained from this analysis will help
very much in establishing the base data for toxic elemental con-
tent in a local foodstuff. It is also help in a way to adopt an
analytical technique for checking the food content sell in the
market for public consumption.
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Table 1 : Sampling area.

Kuala Perils Muar
Kuala Kedah Batu Pahat
Tanjung Dawai Parit Jawa
Pantai Remis Tanjung Kupang
Lumut Benut
Teluk Intan Pontian
Kuala Selangor Mersing
Morib Endau
Batang Tiga, Melaka Pekan
Tanjung Kellng Rompin
Cukai Kuantan.
Jerteh Tumpat
Marang Bacok
Dungun Kuala Pahang
Paka Kuala Trengganu
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Table 2: ^Schedule for irradiation, cooling and counting In
Instrumental Neutron

Irradiation
time

30 sec

6 hrs

36 hrs

Cooling
time

30 sec

3 days
3 weeks

3 weeks

Activation Analysis

Counting
time

30 sec

1 hr
1 hr

3 hrs

Element
detected

Se

As, Sb, Br
Fe, Zn

Se, Hg

Table 3. Analysis of Standard Reference Xaterial (SRM)
using INAA technique. Concentration is in ug/g.

Fish Flesh Mussel
(KA-A-2/IAEA) <NIES>

Element
This Certificate This Certificate
analysis analysis

As 2.9±0.2 2.7±0.6 10.3±0.3 9.2±0.5

Hg 1.19±0.8 0.54±0.06 - 0.05

Se 2.35+0.28 2.3±0.6 1.13±0.27 1.5

Note: IAEA - ' International Atomic Energy Agency, Austria.

1TIES = National Institute for Enviromental Studies,
Japan.
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Table 4 :

Element

Se
ug/g

As
ug/g

Hg
ug/g

Br
ug/g

Zn
ug/g

Table 4a

Element

Result of analysis of
and sea

Eastre1-
liscer sp

2. 1
-5.6

2.0
-11.7

0.2
-0.33

3.9
-12.3

20.2
-35.8

: LOD of
sample

Restrel-
lifcer sp

Foods.

Scombero-
morus sp.

2.2
-3.2

2.8
-25. 1

0.2
-0,3

10.5
-16.2

14.8
-21. 1

IlíAA technique
in us/sç.

Scombero-
morus sp.

elements content in

Prawn

1.2
-3.2

3.8
-26.9

0. 12
-0.26

32.9
-53.4

47.5
-55.3

for various

Prawn

Squid

2.7
-4.5

7.0
-24.2

0.2
-0.46

31.4
-75. 1

31.7
-49.9

types

Squid

fishes

Mussel

1.8
-5. 0

3.0
-10. 0

0.2
-0.37

20. 4
-33.7

38. 2
-78.6

of

Mussel

Se*

As

Hg

Se=

Sb

0.51

0.77

0.36

0.74

1.90

0.42

0.77

0.26

0.90

1.44

0.56

1.28

0.32

1. 18

1.80

0.53

1.37

0.25

1.33

1.71

0.57

1.20

0.30

0. 91

1.70

Hote : 1 = 36 hrs irradiation.

2 = 30 sec irradiation.
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Table 5 :

Sample

Conversion
the sample.

factor dry weischt/wet weight of

Factor

Rastrelliger sp. 0.28

Scomberomorus sp. 0,23

Prawn 0.25

Squid 0.32

Mussel 0.20

Table 6: Analysis of Standard Reference Materials <SRM)
using ASV technique. Concentration is in ug/g.

Fish Flesh Bowen's Kale
<HA-A-2/IAEA>

Element
This Certificate This Certificate
analysis analysis

Cd 0.18+0.005 0.17+0.04 0.86±0.25 0.89±0.2õ

Pb 0.88+0.26 0.91+0.2 2.08+0.64 2.49±0.57
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Table 7 : Analysis of samples using ASV technique.

Sample

Restrelliscer sp.
(fish)

Scamberonorus sp.
(fish)

Prawn

Squid

Mussel

Cd

50

10

20

180

1410

<ug/g>

- 180

- 108

- 510

- 820

- 4390

Pb (ug/g)

0.68 -

0.49 -

0.53 -

0.6 -

1.44 -

- 3.3

- 2.26

- 3.21

- 1.55

- 2. 14

Table 8: Analysis of Standard Reference Materials (SRM)
using R1TAA technique. Concentration in ug/g.

Fish Flesh Bowen's Kale
Element

This Certificate This Certificate
analysis analysis

As 2.69±0.38 2.7±0.6 0.14+0.02 0.13±0.04
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Table 9: Analysis of As in fishes, squid and prawn using
RNAA technique. Concentration in ug/g.

Sampling
area.

Kuala
Perils

Kuala
Kedah

Lumut

LOD

Rastrelliger
sp.

3.94±0. 09
(4.0 ±0.1)

5.7 ±0. 03
(4.8 ±0.2)

3.31±0. 06
(2.3 ±0. 1)

0. 04

Scomberamorus
sp.

3.71±0.07
(4.0 ±0.1)

6.55±0.03
(4.8 ±0.1)

7.84±0.08
(5. 0 ±0.2)

0. 04

Squid

9.05+0.16
(9.3 ±0.18)

16.12±0.07
(15.3 ±0.2)

11.85+0.09
(8.8 ±0.25)

0. 06

Prawn

9.7 ±0. 05
(9.7 ±0.2)

5. 06±0.15
(4.8 ±0.13)

6. 05±0.06
(4. 6 ±0. 15)

0. 05

Hate: Recovery is 98 %
( ) INAA results.


