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Abstract 
 
Ballast water is the waters taken into the ship compartment to provide stability. It is taken on board at the port 
before the voyage begins and discharged at the port of call (arrival) while loading cargoes. Ballast is primarily 
composed of water and is full of stones, sediment, and thousands of living species. The quantity of water taken 
depends on the size of the ship and it can reach up to 10,000 tonnes. As a well known fact, Daiichi nuclear plant 
in Fukushima had released radioactive contaminated water into its surrounding sea and being dispersed by 
currents and tides. Therefore, ships travel between Malaysia and Japan in particular those from the affected 
regions and travel to Malaysia without cargoes will have a risk of transporting back radioactive contaminated 
water from Japan and released it at local ports. Malaysian Marine Department with the cooperation of 
Malaysian Nuclear Agency have been analysing the concentrations of several radionuclides in the ship’s ballast 
water and sediment. This is to ensure the effective dosage is safe to the crews and general public as well to 
fulfill the permissible limit of 1 mSv/yr gazetted by the authorities. It is also to monitor that the contaminated 
water is not discharged into our marine environment. 
 

Abstrak 
 
Air balast adalah air yang diisi ke dalam ruangan kapal untuk memberikan kestabilan kepada kapal semasa 
belayar. Ia biasanya diisi sebelum kapal belayar bagi menggantikan kargo yang telah diturunkan, dan akan 
dilepaskan di pelabuhan destinasi semasa mengisi muatan. Air balast terdiri daripada air, sedimen dan ribuan 
spesis hidupan. Kuantiti air yang diisi bergantung kepada saiz kapal dan ianya boleh mencecah 10,000 tan. 
Seperti sedia maklum, insiden loji janakuasa Daiichi di Fukushima membebaskan air tercemar radioaktif ke 
dalam laut sekitaran Jepun. Maka, kapal-kapal yang berdagang antara Malaysia dan Jepun terutama yang 
singgah di pelabuhan yang berhampiran dengan kawasan bencana akan mempunyai risiko membawa pulang air 
laut tercemar tersebut dan dibuang di perairan Negara. Jabatan Laut Malaysia telah bekerjasama dengan Agensi 
Nuklear Malaysia untuk mengukur kandungan beberapa radioaktif dalam air balast tersebut bagi menentukan 
kepekatannya supaya dos berkesan adalah selamat kepada anak-anak kapal dan orang awam serta memenuhi 
tahap keselamatan 1 mSv/tahun yang ditetapkan oleh pihak berkuasa. Ia juga bertujuan untuk memantau supaya 
air yang tercemar tidak dibuang di persekitaran marin Negara. 
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INTRODUCTION 
 
Ballast water is fresh or saltwater held in the ballast tanks and cargo holds of ships. 
It is used to provide stability and maneuverability during a voyage when ships are not 
carrying cargo, not carrying heavy enough cargo, or when more stability is required 
due to rough seas. A small ship may have a single ballast tank near its center or 
multiple ballast tanks typically on either side. A large ship typically will have several 
ballast tanks including double bottom tanks, wing tanks as well as forepeak and aft 
peak tanks.  
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Usually ballast water is pumped into ballast tanks when a ship has delivered cargo to 
a destination port and is departing with less cargo or no cargo. Ballast water may 
also be used to add weight so that a ship sinks low enough in the water to pass 
under bridges and other structures. Large ships often carry millions of gallons of 
ballast water. This water is taken from coastal port areas and transported with the 
ship to the next port of call where the water may be discharged or exchanged as 
shown in Fig. 1. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                               Figure 1: Bulk carrier discharging water ballast in port 

Coastal port areas are home to a wide variety of organisms that live in the water and 
bottom sediments. These organisms range in size and phyla, from microscopic 
plants and animals to mussels, crabs, and even schools of fish. Organisms living in 
coastal waters may be pumped into ballast tanks along with the water. If a ship takes 
on ballast water in a shallow area, sediments and any associated organisms may 
also be pumped into ballast tanks. Similarly, if a ship called at a port where the water 
or the bottom sediment are polluted with certain chemicals or radionuclides, the 
polluted waters and sediment are pumped into the ballast tanks, transported and 
discharged at the next port of call as the ship loads and unloads its cargo.  
 
When ballast water is released, these organisms and pollutant may also be released. 
Thus, through ship’s ballast water, non-native organisms and pollution are 
introduced into the port of discharge. These introduced species, also referred to as 
bioinvaders, exotic species or alien species can cause disruptions in the natural 
ecosystem, economic troubles, and even carry human diseases. Similarly, the 
polluted water or ballast water contaminated with radionuclides can cause 
unnecessary dose exposures to the workers and to the marine life at the new 
environment and may enter the human food chains.  
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2 Ocean releases of Radioactive water from Fukushima Power reactors 
 
Since the big Tōhoku earthquake (magnitude 9.0) followed by tsunami and the 
collapse of Daiichi nuclear power plants on 11th March 2011, a lot of people 
concerned about possible sea contamination. As sea water was used to coolen the 
reactors, the radiated water leaked into the ground will finally back to the ocean. 
Measurements taken over several days in the sea water in the vicinity of the power 
station have revealed severe contamination of the marine environment by various 
radionuclides released as a result of the accident at the Fukushima-Daiichi nuclear 
power station (IRSN, 2011).  
 
As a general rule, the radioactive pollution of the sea was caused partly by the direct 
release of contaminated water from the power station, and partly by conveyance via 
rivers of the radioactive pollutants deposited on the ground following atmospheric 
release, and subsequent rainwater run-off, and partly by the fallout in the ocean of a 
proportion of the radionuclides from the atmospheric plume, which the winds carried 
over the sea during a large fraction of the accident sequence. Some of these 
radionuclides are soluble; and will be carried over very long distances by the marine 
currents and dissipated throughout the ocean water masses. Others will tend to be 
more or less bound to suspended particles in the water, causing sedimentary 
contamination by deposition on the ocean floor. It generated high concern on the 
pollution on marine life.  
 
A marine monitoring programme carried out both near the discharge areas of the 
Fukushima Daiichi plant by TEPCO (The Tokyo Electric Power Company) and at off-
shore stations by MEXT (Ministry of Education, Culture, Sports, Science and 
Technology) showed the increase in the radioactivity in the marine environment 
which was caused by aerial deposition and by discharges and outflow of 
contaminated water with a high radioactivity level into the nearby ocean waters 
(MEXT, 2011). There are three main radionuclides (T1/2 = radioactive half-life): 
iodine-131 (T1/2 = 8 days), caesium-137 (T1/2 = 30 years) and caesium-134 (T1/2 = 2.1 
years that have been found regularly in seawater close to the Daiichi plant. Others 
radionuclide which have also been detected occasionally at lower concentrations are 
tellurium-129m / tellurium-129 (T1/2 = 33.6 days), barium-140 / lanthanum-140 (T1/2 = 
12.7 days), ruthenium-105 (T1/2 = 4.4 hours), ruthenium-106 (T1/2 = 368 days), 
molybdenum-99 / technetium-99m (T1/2 = 65.9 hours), cobalt-58 (T1/2 = 70.9 days). 
However, the analysis for almost all sampling positions has shown a general 
decreasing trend in concentrations of the relevant radionuclides over time (Laineste, 
2011).  
 
As the contaminated sea water mixed and dispersed into wider areas by ocean 
currents, it could travel to a great distance and might reach the Equator over times. 
An interdisciplinary group of marine scientists had already begun measuring the 
radioactivity in the ocean east of Japan on 4th June 2011 to trace where the 
radionuclides are going, and how much is making it offshore (Reardon 2011), where 
an area over 400 square km, crisscrossing the strong Kuroshio Current that runs 
northward along the east coast of Japan has been monitored. In addition to this, the 
International Atomic Energy Agency (IAEA) has also made its own initiative by 
approving a regional project to study the possible impact of the Fukushima 
radioactive releases in the Asia-Pacific Region.  
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3 Transport of radioactive contaminated water through ship’s ballast water  
 
The Malaysian Marine Department is the responsible authority for the safety of the 
navigation and for providing services and licenses to the merchant shipping in this 
country. After the Fukushima accident, there had been some concerned by the 
department as Malaysian cargo and LNG ships that travelled between Japan and 
Malaysia could carry the radioactive contaminated seawater from Japan that used as 
ballast water, and discharged at Malaysian Ports.  
 
To monitor the possible of contamination, the Marine Department took samples of 
sea water and sludge from ships’s ballast tanks and sent the samples to 
Radiochemistry and Environment Laboratory (RAS) at Nuclear Malaysia for the 
analysis. So far only two set of samples were taken by the marine’s department and 
the results of the analysis are shown as in Table 1 below. The results indicated that 
no radionuclides were detected in ship’s ballast water but radioactive Cs-134 and 
Cs-137 were detected in the two sludge samples. The present of I-131 and Cs-134 
in the sludge samples suggested that the source of contaminant is new i.e from the 
Fukushima nuclear accident and not from the nuclear weapon testing carried out in 
the 1950s and 1960s. The activity ratios between Cs-134 and Cs-137 which is 
almost 1:1 is consistence with other results obtained for the Fukushima radioactive 
releases (MEXT, 2011). However, the contamination level is well below (>100X) the 
exemption limit recommended by IAEA BSS SS115 1996 and the Safety Standrad 
Regulation 2010 which is 10 Bq/g for Cs-134 and Cs-137 and 100 Bq/g for I-131.  
 
 Table 1: Radionuclide contents in ships ballast water samples  

Sample 
no. Name of ship Type of Sample Date received 

Results 
(Bq/L) or (Bq/kg) 

Cs-134 Cs-137 I-131 

1 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
2 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
3 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
4 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
5 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
6 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
7 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
8 Puteri Zamrud Ballast Water 26/4/2011 ND ND ND 
9 Bintulu Water 26/4/2011 ND ND ND 

10 Bintulu Water 26/4/2011 ND ND ND 
11 Bintulu Sediment 26/4/2011 ND ND ND 
12 Bintulu Sediment 26/4/2011 ND ND ND 
13 Johor Bahru Sea Water 12/5/2011 ND ND ND 
14 Seri Amanah Sludge 12/5/2011 29.33 ± 2.81* 29.98 ± 3.52* 10.18 ± 1.19* 
15 Johor Bahru Sea water 12/5/2011 ND ND ND 
16 Seri Amanah Sludge 12/5/2011 32.42 ± 3.17 32.88 ± 3.86 10.81 1.26 
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As a follow-up measure, Atomic Energy licensing Board (AELB) will continue to 
monitor and will visit Seri Amanah to check the amount of the sludge and the 
exposure dose to the workers. This has been agreed between AELB and Marine 
Department in their latest discussion held in early July 2011.  As a research 
organisation, Nuclear Malaysia would like to see more samples from ballast tanks 
could be sent to RAS for radioactive testing. This is because there are more likely 
now the ships will pump radioactive contaminated seawater into their ballast tanks 
considering that  the contaminated water has spreaded into much larger areas.  
 

 
 
SISTER SHIP : LNG SS SERI AMANAH,  
CAPACITY : 145, 000CUM 
DEADWEIGHT : 72 700 
LENGTH OVERALL : 294.6M 
YEAR BUILT: 2006 
Shipyard: Samsung Heavy Industries, South Korea  
 
 

4. Conclusions 
 
Most ballast water issues are dealt with the invasive species. Most of the current 
strategies to deal with the problems posed by ballast water focus on minimizing 
transport and recommend exchanges where ships discharge and refill their ballast 
tanks in the open ocean. The United Nations International Maritime Organization and 
the United States government recommend open ocean ballast water exchange; 
however, very few countries have adopted this recommendation as its law. The 
radioactive contaminated ballast water is a new issue and require further research. It 
is however, not a long term treats to the marine environment as with times,  the 
radionuclides decay and mix with the unpolluted waters.  
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