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i) Outline of proposed research and results obtained 

Living organisms are exposed to a mixture of environmental stressors, and the resultant effects due to such 
exposures are referred to as multiple stressor effects (MSEs). Evidence showed that toxicity could be 
modified by simultaneous or sequential exposures to multiple environmental agents (1, 2), and the appraisal 
of the probability and seriousness of the effects due to these exposures was referred to as a cumulative risk 
assessment (3). Sexton and Hattis (3) gave a comprehensive review on multiple stressor effects, and in 
particular discussed in depth fundamental issues regarding cumulative risk assessment. MSEs might not be 
simply the sum of effects from individual stressors, and the effect of interactions can be generally divided 
into four broad categories: independence, dose additivity, synergism and antagonism (2,4). 

The mixture of ionizing radiation and heavy metal appears to be a priority for studies. Both stressors can 
affect a large number of organisms for a prolonged duration. Routine or accidental fallout from nuclear 
reactors will expose living organisms to ionizing radiations. Nuclear accidents at Chernobyl in Ukraine, 
Three Mile Island in USA, and most recently at Fukushima in Japan remind us that safety issue of nuclear 
power, including the associated contingency planning and risk assessment, is still a major concern. 
Nevertheless, the MSEs of heavy metals and ionizing radiation, and the underlying mechanisms have not 
been extensively studied. At the moment, the groups of radionuclides and heavy metals are separately 
regulated, which has effectively assumed no interactive effects between radiation and chemicals. This 
assumption is used because of insufficient information on the multiple stressor effects. However it is 
unknown whether this assumption leads to under- or to over-estimate the associated ecological risk. 

The purpose of the original proposal was to carry out a study on the MSEs of uranium and gamma ray on 
the zebrafish, Dania rerio. However, after commencement of the project and discussion between the two 
research groups, we decided to first carry out a pilot study on the MSE of depleted uranium (DU) and alpha 
particles on the zebrafish (Dania rerio) embryos. The zebrafish, Dania rerio, has become a preferred 
vertebrate model in recent years for studying human disease. Interestingly, the zebrafish and human 
genomes share considerable homology, including conservation of most DNA repair-related genes (5). 
Furthermore, the embryonic development is rapid so the major organ systems become evident within 48 h 
post fertilization (hpf). There have been a growing number of research works using the zebrafish or the 
embryos as a vertebrate model to study the in vivo response to ionizing radiation (6-11). 
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ii) Significance of research results 

Most previous studies on MSEs were based on stressors in the toxic zone (TZ). However, horrnetic 
· response, which is characterized as a biphasic dose-response relationship exhibiting a low-dose stimulation 
and a high-dose inhibition, has now been widely accepted as a universal phenomenon. As such, it is 
pertinent to study the MSEs based on stressors in both the horrnetic zone (HZ) and TZ. Our results 
provided information on the MSEs from four schemes, namely, (1) HZ alpha-radiation dose + HZ DU 
exposure, (2) TZ alpha-radiation dose+ TZ DU exposure, (3) TZ alpha-radiation dose+ HZ DU exposure, 
and ( 4) HZ alpha-radiation dose+ TZ DU exposure. All the findings regarding the four different exposure 
schemes showed that the MSE critically depended on the dose-response zones with which each individual 
stressor was associated. As such, we believe we have developed a new and important research field in 
radiation ecotoxicology, i.e., MSEs of stressors in horrnetic and toxic zones. 

iii) Research output 

(1) CYP Ng, S Pereira, SH Cheng, C Adam-Guillermin, J Gamier-Laplace, KN Yu. Combined effects of 
depleted uranium and ionising radiation on zebrafish embryos. Radiation Protection Dosimetry 2015, 
ncv269. doi: 10.1093/rpd/ncv269 (in press) 

(2) CYP Ng, S Pereira, SH Cheng, C Adam-Guillermin, J Gamier-Laplace, KN Yu. Combined effects o, 
alpha particles and depleted uranium on zebrafish (Dania rerio) embryos. In preparation for 
publication. 

iv) Potential for or impact on further research collaboration 

As descripted in iii) above, we have developed a new and important research field in MSEs of stressors in 
horrnetic and toxic zones. There are many important stressors needed to be examined. For example, gamma 
radiation is the next ionizing radiation to be studied. In fact, the IRSN has extensive previous experience in 
the investigation of the radiobiological effects of gamma radiation in the environment. There are huge 
potentials on further research collaboration. 
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